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As time goes by . . . 
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Aging and non-aging systems 

 

 

Perfect clocks having an ideal 

marker of their increasing age 

(time readings) are not aging 

Progressively failing clocks are aging 

(although their 'biomarkers' of age at 

the clock face may stop at 'forever 

young' date) 
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Definition of aging in reliability theory 

Ageing:  

increasing risk of failure  

with the passage of time (age).   
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Age-associated changes  
which lead to pathology 

Loss of Molecular Fidelity 

Accumulation of Oxidation Products of Lipids and Proteins 

Thelomere Shortenings 

Decrease Capacity of Cellular Defense Mechanisms 

DNA Damage 

Increase in Mutations 

Increase in Inflammatory Reactions 

Impaired Cellular Signaling 

Decline in immunological functions 

Tissue dysfunctions 

In Molecular, Cellular and 

Tissue Levels 
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Age-associated changes  
which lead to pathology 

Altered posture and reduced stature 

Greying and whitening of the hair 

Wrinkling of the skin 

Loss of accommodation 

Lens focussing of the eye 

Loss of muscular strength and physical stamina 

Imbalance 

Loss of memory 

Incontinence 

Deafness 

Reduced visual acuity 

Hardening of the arteries and increased blood pressure 

Increased probability of cerebrovascular disease 

Increased likelihood of renal failure, dementia, cancer 

Type II diabetes 

Osteoporosis, osteoarthritis 

Blindness from cataracts or retinopathy 

In Organ and Organism Levels 
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Aging and Age-Related Disease 

  
 
 
 

The incidence of a number of pathologies increases with age and we 

become more susceptible to certain diseases 

National Center for Health Statistics, Data 

Warehouse on Trends in Health and Aging 

Age-Associated 

Diseases 



 



 an antioxidant in vivo would not exert its effect by itself, but would act in combination with other antioxidants present.  

Such interactions affect the final antioxidant capacity following the total behavior of the treatment protochol.  

 



Before Darwin ( 1850), After Darwin (1859), 

EVOLUTION THEORY 



Douglas J. Futuyma 



http://upload.wikimedia.org/wikipedia/commons/1/15/August_Weismann.jpg


 



Aging – by- design 





 





 



FREE 
RADICAL 
THEORY OF 
AGING 



The free radical theory of aging argues that oxidative 

damage accumulates with age and drives the aging 

process.. 

The Free Radical Theory of Aging  1956, Denham Harman 

Oxidative Stress Theory of Aging  1967, Denham Harman 

Mitochondrial Theory of Aging    1972, Denham Harman 
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Free radical theory of Aging goes hand-in-hand 
with other theories of Aging 

CELLULAR THEORIES 

Free Radical-Oxidative Metabolism 

Mitochondial Theory of Aging 

Wear and Tear 

     Glycoxidation Theory of Aging 

     Lipoxidation Theory of Aging 

     Inflammation Theory of Aging 

Apoptosis 

Senescence 

MOLECULAR THEORIES 

Codon Restriction 

Error Catastrophe 

Somatic Mutation 

Differentiation 

Gene Regulation 

EVOLUTIONARY THEORIES 

Disposable Soma 

Antagonistic 
Pleiotropy 

Mutation Accumulation 

Accumulation of 

Free Radical DAMAGES 

Aging has been defined as 
the collection of changes 

that render human 
progressively more likely 
to die (Medawar, 1952). 



R3C
. Carbon-centered 

R3N
. Nitrogen-centered 

R-O. Oxygen-centered 
R-S. Sulfur-centered 

What are the Prooxidants ? 

Free Radicals: 

 Any species that contain one or 

more unpaired electrons, very 

unstable, try to become stable, 

either by accepting or donating an 

electron, 

 

 

 

 

  Non-Radicals: 

 Species that have strong 

oxidizing potential,  

 Species that favor the 

formation of strong oxidants 

 

 

H2O2  Hydrogen peroxide 

HOCl- Hypochlorous acid 

O3  Ozone 

1O2  Singlet oxygen 

ONOO- Peroxynitrite 

Men+  Transition metals 

Halliwell & 

Gutteridge  

Free Radicals 

in Biology & 

Medicine, 

2007 
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ROS 

Oxygen is essential for aerobic organisms 

 

 

Radicals: 

O2
.-  Superoxide 

OH.  Hydroxyl 

RO2
.  Peroxyl 

RO.  Alkoxyl 

HO2
.  Hydroperoxyl 

Non-Radicals: 

H2O2  Hydrogen peroxide 

HOCl-  Hypochlorous acid 

O3  Ozone 

1O2  Singlet oxygen 

ONOO-  Peroxynitrite 
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The Reactive Oxygen Species (ROS) are 

physiologically generated during oxidative 

metabolism of any aerobic organism 



Endogenous Source of ROS 

Lipoxygenases, 

Prostaglandin synthase 

NADPH oxidase 

Transition 

metals 

Xanthine Oxidase, 

NOS isoforms 

Peroxisomes 

Oxidases, 

Flavoproteins 

Cytoplasm 

Endoplasmic Reticulum 

Microsomal Oxidation, 

Flavoproteins,  

CYP enzymes 

Lysosomes 

Mitochondria 
Electron transport 

Myeloperoxidase 

(phagocytes) 

Fe+2 

Cu+2 

O2
- Plasma Membrane 

28 

Droge W 

(2002) 

Physiol 

Rev 82: 

47-95 



ROS are generated in living cells 

ROS damage the cellular 

constituents 

Increased 

Production 

Increase of 

oxidative challange 

Mitochondrial respiratory 
chain 

NADPH oxidase 

Xanthine oxidase 

Fenton reaction 

Inflamatory cascades 

Oxidation 

Peroxidation 

Hydroxylation 

Nitration 

Nitrosation 

Reduction of 

antioxidative defense 

 

PATHOLOGY 

 

 

PHYSIOLOGY 

 



ROS generation is an essential element 
for certain biological responses 

30 

O2.- Superoxide 
control of ventilation 

vasoconstriction 

phagositosis 

R 

E 

D 

O 

X 

 

H 
O 
M 
E 
O 
S 
T 
A 
Z 
I 
S  Droge W Physiol 

Rev 2002 

Karasu C.Free 

Radic Biol Med. 

1999. 

Brown & 

Griendling, 

FRBM, 2009. 

Gryglewski & 

Moncada, 1987. 

Temple M et al; 

Trends in Cell 

Biology 2005 

Droge W 

(2002) Physiol 

Rev 82: 47-95 

H2O2 Hydrogen peroxide 
vasoconstriction  

cGMP-vasorelaxation 

activate several key components of 

the insulin signaling cascade 

NO. Nitric oxide 
cGMP- vasorelaxation 

platelet inhibition  



Complex signal role of ROS  
in the cells 

Brown & Griendling, FRBM 47: 1239 [2009] 

Reactive Oxygen as a Second Messenger 

 

H2O2 generation via the Nox-4 

subunit of NAD(P)H oxidase…. 

Endogenously prduced H2O2 

mimics many physiological 

responses of insulin 

Exogenously added H2O2 has also 

been shown to activate several key 

components of the insulin signaling 

cascade. 
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Breakdown of physiological Signalling 

as a Results of Oxidative or Reductive Stress 

World J 

Gastroentero

l. 15:4137-

42, 2009. 

Cai H; 

Circulation 

Research 

96:818-822, 

2005 

32 
AGING 



PANCREAS BETA-CELL 
 

PHYSIOLOGY 

 

 

PATHOLOGY 

 

PDX-1activity 

World J Gastroenterol. 15):4137-4142, 2009. 

http://diabetes.diabetesjournals.org/content/56/7/1783/F5.large.jpg
http://diabetes.diabetesjournals.org/content/56/7/1783/F5.large.jpg


Oxidative Stress 

2 

Disbalance between prooxidative and 

antioxidative systems with a prevaling of 

the former. 

Mitochondria:  
red: Energy,  
white: ROS 

GEO, 02/2006 



Oxidative Stress 
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While oxygen is ubiquitous and necessary for oxidative 

metabolism, the Oxidative Stress can occur as a result 

of either ROS over-production or decreased antioxidant 

defense 

Enzymatic mechanisms    Non-enzymatic mechanisms 
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Antioxidant 

ROS 

Free Radicals-induced Oxidative Stress 

Increased ROS 

Production 

Increased oxidative 

challange 
Reduced antioxidative 

defense 

 

PATHOLOGY 

 

DISBALANCE, NONEQUILIBRIUM 

Helmut Sies 

36 
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Antioxidants act as biological response modifiers! 
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Antioxidants act as biological response modifiers! 

to maintenance of celular redox homeostasis 

Oxidants 

Antioxidative Defense 

Radical Formation 

Oxidant Uptake 

Antioxidants 

Antiox. Enzymes 

Repair 

Reconstitution 

Metabolic 

modulation 

Adaptation 

Oxidative 

Damage 

Cell Death 

Reductive 

Stress 

Adaptation 

Cell Death !  
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Birth Process is a Potential Source of 
High Initial Damage 

 
• Severe hypoxia and asphyxia 

just before the birth.  
 

• oxidative stress just after the 
birth because of acute 
reoxygenation while starting to 
breathe.   
 

• The same mechanisms that 
produce ischemia-reperfusion 
injury and the related 
phenomenon, asphyxia-
reventilation injury known in 
cardiology. 
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Spontaneous mutant frequencies with age in heart 
and small intestine 
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Anti-Aging 

TERM  IS COMPLEX,  

ILL-DEFINED, CONFUSING,  

&  

MISUNDERSTOOD 



Anti-Ageing is “Healthy Aging” ??? 

43 

'Healthy aging'  is an oxymoron like a healthy dying or a healthy 

disease.. 

More accurate terms instead of  'healthy aging'  would be  

a delayed aging, postponed aging, slow aging, or negligible aging 



44 Holiday R, Rattan SIS. Biogerontology 11:507-11, 2010 

 The anti-aging medicine movement proposes to 

alter the human body in order to achieve extreme 

longevity. To do this it has to reverse or by-pass the 

multiple causes of human aging. 

 Although this anti-aging movement is relatively 

new, it already makes very strong claims that it will 

succeed. 

 

 

Robin Holliday 

Australian Academy of Science, Canberra, Australia 

The extreme arrogance of anti-aging medicine 

Contra… 
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Weinkle SH, Tiesman JP. J Drugs Dermatology 8:3, 2009 

The past decade has witnessed remarkable 

advances in the field of biology. Disciplines such 

as genomics and proteomics have emerged to 

exploit our growing knowledge of the human 

genome and have drastically accelerated our 

ability to understand how the human body 

responds to its environment. 

Susan H. Weinkle1, Jay P. Tiesman2 
1University of South Florida College of Medicine, 

2The Procter & Gamble Company, Miami, FL, USA 

Genomics of Skin Aging: Practical Applications 

Pro… 
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Osborne R, Mullins LA. J Drugs Dermatology 8:4-7, 2009 

Global gene expression profiling provides a useful 

means to identify key aspects of the tissue aging 

process, and provides information to help develop 

new tissue technologies... 

Rosemarie Osborne, Lisa A. Mullins 

The Procter & Gamble Company, Miami, FL, USA 

Understanding Metabolic Pathways of Skin Anti-Aging 

Pro… 
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Robinson MK, Binder RL, Griffiths CEM. J Drugs Dermatology 8:8-11, 2009 

Bioinformatics tools enable an integrated analysis of 

gene expression themes and pathways, which may 

provide new insights into the mechanisms of tissue 

aging and possible interventions. 

Michael K. Robinson1, Robert L. Binder1, Christopher E.M. Griffiths2 
1The Procter & Gamble Company, Miami, FL, USA 

2Manchester Academic Health Center, Manchester, UK 

Genomic-Driven Insights into Changes in Aging Skin 

Pro… 
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Goal of Anti-Ageing Medicine 

Increase health-span not just life -span 

Consequence of a Succesful 
Biomedical War on Aging 
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The purpose of our studies:  

 

to understand the mechanisms of aging and 

longevity in order  

 to extend healthy and productive human 

lifespan.  



50 
Lucas Cranach d. Ä. The fortune of youth. 1546, National Gallery Berlin 
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Modern anti-aging medicine 

Prevention 

Regeneration 

Anti-aging procedures 
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 EN 

PREVENTIVE COMPLEMENTERY INTEGRATIVE APPROACHMENTS  

STEM CELL TECH, BIOCHIPS, SELF-TISSUE GROWN 

TRANSPLANTS, GENE THERAPY, OTHER BIOMED TECH. 
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Metabolism  Damage   Pathology   (Ageing) 

Biogerontology 

Bioengineering 
Geriatrics 

Farmacoproteomics 

Farmacogenomics 

Farmaconutrigenomics Bioinformatics 

Cellularbiology 





Biochemical Society Transactions 
(2003) Volume 31, part 2 

 

Why do some 
people age 
accelerated, 
some not? 



National Geographic, 11/05 National Geographic, 11/05 

HOW TO LIVE LONGER 
Super seniors in the three widely separated regions share a 

number of the key habits, despite many differences in 
backgrounds and beliefs. 

 

Common Gene polymorphisms 

ADVENTISTS 
Eat nuts and beans 
Observe the Sabbath 
Have faith 

SARDINAS 
Drink red wine (in moderation) 

Share the work burden with spouse 
Eat pecorino cheese 

(and other omega-3-foods) 

ALL 
Don`t smoke 
Put family first 
Be active eyery 

day 
Keep socially 

engaged 
Eat fruits, 

vegetables, and 
whole grains 

OKINAWANS 
Keep lifelong friends 

Eat small portions 
Find purpose 

Experience 



    Long life- short life: what do your genes tell ? 





AGE 

MANAGEMENT 

60 

STRESS MANAGEMENT 

Nutrition 

Excersize 

WEIGHT MANAGEMENT 

Control of  Cellular Stressors 

Control of  Cellular Metabolism 

Cognitive Training 

Nutraceuticals 

Mitochondrial Bioenergetics 

Trace elements 

Vitamins, antioxidants 

GENETICS 
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AGING  

ANTI-AGING  

RESEARCH 

Pub Med:  

Aging: 244.644 publication 

Anti-Aging: 4341 publication 



Mutations in circadian genes:  

late effects 

 
Per2-/-:  life span reduction,  

                 increase in tumor incidence; 

      

Clock/Clock: obesity, metabolic syndrome, 

                 premature disturbances in estrous function; 

 

Bmal1-/-: life span reduction, increase in lipid 

                  peroxidation, cataracta, sarcopenia 

 

 Cry1-/-Cry2-/-: no effect on life span and tumor 

                            incidence 

 



A carboxyfullerene SOD mimetic 
improves cognition and extends the lifespan 
of mice 

Quick et al., Neurobiol. Aging 29: 117 [2006] 



 

higher Hayfick limit has been observed 

in hypoxia or in the presence of 

antioxidants 

PBN 

Chen et al., PNAS 92: 4337 [1995] 

von Zglinicky, TIBS 7: 339 [2002] 

Oxidative stress shortens 
telomeres 
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Skulachev et al., BBA 1787: 437 [2009] 

SkQ1: protective effects on 

reperfusion injury, cataract and 
retinopathies  

SkQ1: A mitochondrially targeted antioxidant that extends lifespan 



Increase of IL-6 and decrease of IL-10  leads to 

inflammaging and accelerated Aging 



Aging Clin Exp Res. 2004 
Jun;16(3):244-8.  

Association between 
longevity and cytokine 
gene polymorphisms. A 
study in Sardinian 
centenarians  
Pes GM Lio D Carru C, Deiana L, Baggio G, 
Franceschi C, Ferrucci L, Oliver F Scola L, Crivello A, 
Candore G, Colonna-Romano G, Caruso C.  

Human longevity seems to be directly correlated with optimal 
functioning of the immune system, suggesting that some genetic 
determinants of longevity reside in those polymorphisms for the 
immune system genes which regulate immune-inflammatory 
responses, in particular cytokine gene polymorphisms. The frequency of 
-174C single nucleotide polymorphism (SNP) in the promoter region of 
the interleukin (IL)-6 gene is increased in Italian male centenarians.  



IL – 6 POLYMORPHISMUS 
174  GG 

HIGH IL–6 LEVELS ARE THE MAIN PREDICTURS 
OF DISABILITY AND MORTALITY IN THE 

ELDERLY. 
. Am Geriatr. Soc. 47:639-646 (1999) 

Constitutional NFkB activation during aging, originated by 
free radical increase contributes to incerased IL-6 and 

inflammation decerased IL-2 

 



• Inflammation 

• Immunity 

• Bone metabolism 

• Neural Development 

• Reproduction 

• Hematopoiesis 

• Chronic inflammation 

• Autoimmunity 

• Diabetes 

• Cardiovascular disease 

• Ageing, frailty  

• Osteoporosis 

• Alzheimer 

• Neoplasia, Leukemia 

• Atheriosclerosis 

• Rheumatoid arthritis  

IL6 

Physiology 

IL6 

Pathophysiology 



Salsola tuberculatiformis 



Cholesteryl ester transfer protein (CETP) I405V 

polymorphism and longevity in Italian centenarians 

  
CELLINI Elena ; NACMIAS Benedetta ; OLIVIERI Fabiola ; ORTENZI Luigi ; TEDDE Andrea  

BAGNOLI Silvia , PETRUZZI Concetta , FRANCESCHI Claudio SORBI Sandro   

• A common polymorphism 

(1405V) in exon 14 of the 

cholesteryl ester transfer 

protein (CETP) gene has 

been recently associated to 

healthy aging in Ashkenazi 

Jewish.  



Hormesis: stress can stimulate defence and 
repair mechanisms and prolong lifespan 

Repetitive heat shock Repetitive osmotic stress 

Swieciło et al., Acta Biochim. Pol. 47: 355 [2000]  

J. Vina: “Exercise is the best 
antioxidant” 





Design, Setting, and Participants  Randomized controlled trial of healthy, sedentary men and 

women (N = 48) conducted between March 2002 and August 2004 at a research center in Baton 

Rouge, La.  

Intervention  Participants were randomized to 1 of 4 groups for 6 months: control (weight 

maintenance diet); calorie restriction (25% calorie restriction of baseline energy requirements); 

calorie restriction with exercise (12.5% calorie restriction plus 12.5% increase in energy expenditure 

by structured exercise); very low-calorie diet (890 kcal/d until 15% weight reduction, followed by a 

weight maintenance diet).  

Main Outcome Measures  Body composition; dehydroepiandrosterone sulfate (DHEAS), glucose, 

and insulin levels; protein carbonyls; DNA damage; 24-hour energy expenditure; and core body 

temperature.  

Conclusions  Our findings suggest that 2 biomarkers of longevity (fasting insulin level and body 

temperature) are decreased by prolonged calorie restriction in humans and support the theory that 

metabolic rate is reduced beyond the level expected from reduced metabolic body mass. Studies of 

longer duration are required to determine if calorie restriction attenuates the aging process in 

humans. 
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The beneficial effects of a CR diet partly related 
to reduced oxidant intake, rather than decreased 

energy intake 



76 

Stvolinsky et 

al., 2010 

76 

Sirtuins are NAD+-dependent protein deacetylases that are broadly 

conserved from bacteria to humans.  

Because sirtuins extend the lifespan of yeast, worms and flies, 

much attention has been paid to their mammalian homologues 

Horio  et al., 

2011 
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Stvolinsky et 

al., 2010 

resveratrol, increases the 

catalytic (deacetylase) activity 

of SIRT-1, mimics the effects of 

calorie restriction 

77 









We gain weight and Insulin 
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Oxidative pathomechanisms of 

neurodegeneration in cognitive aging 

Oxidized Proteins 

Basal activity of the 

insulin receptor 

signaling pathway 

Oxidized Proteins 

N-acetyl cysteine causes a significant 

decrease in protein carbonyls, reverses 

the age-related decline in cytochrome c 

content and the decrease in cytosolic 

GSH in the brain (Cocco et al., 2005).  

(R)-α-Lipoic acid is a coenzyme 

involved in mitochondrial redox 

processes, chelates iron and copper 

and recycles several antioxidants 

including GSH and vitamins C and E 

has been shown to ameliorate  memory 

and brain mitochondrial functions in 

combination with acetyl-L-carnitine in 

old rats. 

(Liu et al., 

2002) 
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p66shc-/-  mice: longer lifespan, higher resistance 
to oxidative stress and type 2 diabetes 

Natalicchio et al., Arch Physiol Biochem. 2011  
Pani et al., Int. J. Biochem. Cell Biol. 2009 

p66Shc, a 66 kDa proto-oncogene Src collagen homologue (Shc) adaptor protein, is 

classically known as a signalling protein implicated in receptor tyrosine kinase signal 

transduction. 
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Supplementation of yeast cells with NAD+ precursors (tryptophan, 

nicotinic acid, nicotinamide) increases intracellular NAD+ levels and 

extends replicative lifespan.  
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Formation of ALEs and ALE precursors 

 

Proteins 

Oxidative Stress 

ROS 

Negre-

Salvayre A 

(2008) Brit. J 

Pharmacol 

153: 6–20 
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Formation of  

Reactive carbonyl compounds and AGEs 

90 

Described by  

Louis Camille Maillard 1912 

AGEs 

RCCs ( -oxoaldehydes) are 

basically generates during diabetes 

and hyperglycaemia, from the 

Maillard reaction, which involves 

the condensation of sugars with 

proteins, leading to the formation 

of a Schiff bases, followed by a 

rearrangement (non-enzymatic 

glycosylation: glycation) 

generating the comparatively 

stable Amadori product. Further 

degradation, like deamination and 

hydrolyzation, of this product can 

create secondary products, various 

unsaturated carbonyls, e.g. a-

oxoaldehydes (methylglyoxal and 

glyoxal) 

Thornalley et 

al., 199.; 

Baynes, 2000 

Pentozidine, Argpyrimidine 

Pyyraline, Glucosepane 

Hydroimidazolone, CML 
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Glycation theory of aging  

Free radical theory of aging  

fragmentation/cross-linked 

Carboxymethyl lysine 

Methylglyoxal 

protein 

ROS 

Lipids 

Sugars 

ROS 

Lipid 

peroxides 

Glycolitic 

intermediates 

ALEs/AGEs 

ROS 
Garoka & 

Skibska,2006 

Peppa et al., 

2008 



Oxidative modification of proteins with lipid 

peroxidation by-products 

n-6 PUFAs  
(linoleic and arachidonic acids) 

n-3 PUFAs  
(docosahexaenoic, eicosapentaenoic 

and linolenic acid) 

4-HHE 

Hydroperoxides 

MDA 

ROS 

“peroxidation” 

Acrolein 

4-HNE 

Aldehyde modified proteins 

Lipid peroxide 

modified proteins 

proteins 

The modification and cross-linking 

proteins 

proteins 

Aldehyde modified proteins 

Losing of molecular fidelity 
altering progressively the structure 

and function of the proteins 



Signalling properties of ALEs and ALE 
precursors 

Petersen and 

Doorn, 2004 

oxidized phospholipids (OxPLs),  

4-HNE  

oxidized cholesterol derivatives 
(oxysterols)  

LDL oxidation  

ORIGIN OF PLASMA AND TISSUE OXYSTEROLS 

Exogenous source 

Mainly formed by autoxidation of foodstuff  

(induced by heat, light exposure, refrigeration, 

freeze-drying) 

LDL 

ROS 

protein 

ATHEROSCLEROSIS 

Endogenous sources 

 

1) Non enzymatic pathways  

2) Enzymatic pathways 
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Petersen and 

Doorn, 2004 

oxidized phospholipids (OxPLs),  

4-HNE  

oxidized cholesterol derivatives 
(oxysterols)  

LDL oxidation  

LDL 

ROS 

protein 

ATHEROSCLEROSIS 

Endogenous sources 

 

1) Non enzymatic pathways  

2) Enzymatic pathways 

ORIGIN OF PLASMA AND TISSUE OXYSTEROLS 

 

 

FLAVONLAR 

POLIFENOLLER  
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Macromolecular 

Targets of Aging 

Increased Free 
radical generation 

Redox Imbalance 

Molecular Main 

Target of Aging  

Telomers 

Shortenning 

Lipids 

 

  Peroxidation 

Sugars 

 

AGEs, 

lipofussin, 

agresome 

     Proteins 

 

Modifications 

Incorperations

Degredations  

Immune system 

Activation of 

Transcription factors 
 

Increased 

Proinflamatuvar 

moleculs 

DNA nükleer 

mitomitochondrial, 

RNA 

Organel injury 

Mithochondrial 

damage, energy 

deficit, disease 

Accumulation 
of protein 

aggregates 

Dysfunction of 

Proteosome 

Cell cycle arrest, 

cellular senescence, 

apoptosis  

Mutations 

Epimutations 

Base modifications 
of DNA/RNA 

Biological 

Consequences of Aging 

Impairment in cellular 

signal transduction 

pathways, membrane 

receptors and ion 

channels protein and 

the activity 

Impaired 

membrane fluidity  

Icreased 

Inflamation 

and related 

disease such 

as diabetes 

Gene 

expression 

changes 

Procoagulan alterations, 

Impaired NO pathway, 

endothelial dysfunction 

Impaired contractile 
proteins, 

Impaired vascular reactivity 

AGE formation 

modifies the 

functional 

properties of 

different key 

extracellular 

matrix molecules 

 

THE REALITY 

 
End products of 

oxidative 

modifications of 

lipids and proteins 

are accumulated 

in tissues by age 
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AGE/ALE levels increase during aging and in diseases like diabetes 

Shanmugam 

et al., 2008 

96 

Oxidized Protein Accumulation in Ageing 
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Severely oxidized & 

covalent cross-

linked Protein  

OXIDATIVELY 

DAMAGED PROTEIN 

(2) 

Increasingly 

oxidized & 

disfolded Protein 

PROTEOLYSIS 

oxidatively 

modified cellular 

organelles 

lysosomal 

system 

proteasomal  

system 

DEGRADATION 

Peptides & 
Amino acides 

OXIDATIVE 

STRESS 

(3) 

Aggregates 

Accumulation 

H
N

E
-P

ro
te

in
 A

d
d

u
c
ts

  

İn
h

ib
it

s
 p

ro
te

a
s
o

m
e
 a

c
ti

v
it

y
 

MDA-adducts 

LIPOFUSCIN 

(Chowdhury 

et al., 2004 

AGEING 
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Lipofuscin 

A highly cross-linked cellular protein, reduces proteosomal and lysosomal 

degradation capacity 

Lipofuscin accumulation in Aging 

β-amyloid 

deposition 

Mitochondrial 

dysfunction 

in retina  

age-dependent macular 

degeneration & retinal 

pigment epithelium ages Jung et 

al., 2007 
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hippocampal CA3 

pyramidal neurons 

impaired memory 

acquisition 

Chronic green tea 

consumption prevents 

age-related changes in 

hippocampal lipofuscin 

accumulation. 

Assunção et al., 2009 

melanin 

tyrosine 

dihydroxyphenylalanine 

protein 

Protein-melanin  

adducts 

Ox. Stress 

Melanosomes 

degredation 

Lipoic Acid 

Coenzyme Q10 

DHA 

Beal, 2004 

Lukiw & 

Bazan, 

2008 
Neurodegenerative 

disorders   

Alzheimer’s-

Parkinson 
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Glycation and Skin Aging 

 

 

Glycation of vimentin  

methylglyoxal 

Aggregation of vimentin 

carboxymethyllysine 

The loss of bioenergetic 

capacity in ageing skin 

Increased stiffness and lost 

of elasticity 

Damaged matrix proteins , insolubilization, 

Decreased proteolytic digestibility, 

decreased repair 

Decreased epidermal proliferation rates 

Damaged microcirculation 

Kueper et 

al., 2008 

99 



100 100 

Ox.Str. 

Alterations in 

 tissue-organ  

functions 

DIABETES 

Xanthine oxidase 

NADPH oxidase 

NO synthase 

Inflamatory cascades 

Lipoxigenase 

Polyol pathway 

Glycoxidation 

 

Changed receptor-ligand interaction 

Impaired ion channal proteins and the activity 

Impaired Activity of contractile elements 

Impaired membrane fluidity, membrane blebing 

Endothelial dysfunction 

Damages in other organells,  

mitochondri, peroxizom 

 

   Inflammaging 

 

 

Glycoxidation Lypoxidation  
 

 

 

ROS 

 

insufficient 

Antioxidant defense 

 

Prolonged 

hyperglycemia 

9 

Increase of IL-6 and 
decrease of IL-10  leads to 
inflammaging and accelerated 

Aging 

DIABETIC 
COMPLICATIONS 

ACCELERATED 
AGING 

Oxidative Modification and 

Macromolecular cross-linking 

 

AGEs/ALEs 
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AGEs/ALEs have been implicated in age-related disease and 
aging itself, convincingly enough that significant effort 

has gone into finding compounds that can 

“prevent”,“break” and/or “reverse” them. 

ROS, ELEs/AGEs 

Skin Disorders 

Age pigment 

Cardiomyopathy 

Heart attack 

 Joints 

Arthritis    

  Lung 

Asthma 

Multiorgan failure 

  Cancer   

      Vessels 

Atherosclerosis 

Teeth 
Periodontis 

Eye 

Cataractogenesis 

Rethinoparhy 

Gastro intestinal 

Hepatitis 

Brain   

Stroke 

Alzheimer 

Diabetes, 
complications 
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Free Radical 

Biology & 

Medicine, Vol. 

37, No. 11, pp. 

1694–1702, 

2004 

 

Med Res Rev. 

2008 

Jul;28(4):569-

631 
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Conceptual model of the effects of AGEs in 
multiple organ systems during aging. 

Semba R D et al. 
J Gerontol A 
Biol Sci Med Sci 
65A:963-975, 
2010 

Negative Aspects of AGEs 
102 
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Carboxymethyl-lysine content of selected dairy products, bread, and meat using 
liquid chromatography–mass spectrometry. 

Semba R D et 
al. J Gerontol 
A Biol Sci 
Med Sci 
2010;65A:963
-975 
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Accumulation of oxidized protein is dependent on the 

balance between pro-oxidant, antioxidant, and 

proteolytic activities 

Berlett  & 
Stadtman  Biol. 
Chem. 
1997;272:2031
3-20316 

Çatalgöl 

& Grune, 

2009 

104 



105 

YES: Because the accumulation of AGEs accelerate the multisystem 

functional decline that occurs with aging, and therefore contribute to the 

aging phenotype.  

Exposure to AGEs can be effectively reduced by restriction 

of dietary intake of AGEs . 

Modification of intake and circulating levels of AGEs is an 

important strategy to promote health in old age, especially 

because most Western foods are processed at high 

temperature and are rich in AGEs.  

105 
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Trapping of reactive 

dicarbonyl species: 

AGE receptor (RAGE) 

blocking 

ANTIOXIDANT 

activity by transition 

metal (M2+) 

chelation 

AGE cross-link cleavage 

(by AGE breakers) 

other ANTIOXIDANTS 

with free radical 

scavenging activity 

Vit E, Ascorbic acid, 

Flavonoids 

AGE receptor (RAGE) signaling blocking 

Cerivastatin, Curcumin 

aldose reductase inhibition 

Sorbinil, epalrestat 

glycemia reduction by anti-diabetic therapy 

shunting of trioses-P 

towards the pentose-P 

pathway by 

transketolase activation 

metformin 
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Glutathione 

N-acetyl cysteine 

lipoic acid  

inositol 

Taurine 

Vitamins (E,C) 

Pridoxin 

Pridoxamine 
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AGE Inhibitors  

Pharmacological inhibitors of AGEs/ALEs 

Peyroux & 

Sternberg, 

Pathologie 

Biologie, 

54:405-419, 

2006 

108 

RAGE receptor blokers  

AGE breakers  

 Other therapeutic Compounds  

RAGE signaling blokers 



 

Glycolytic Inhibitor: Lonidamine 

mTORC1 signalling inhibitor: Rapamycin 
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 Pyridoindole antioxidants inhibits AGES/ALEs 
production in vitro and in vivo 

Glucose   +   Protein              Schiff Base              Amadori Product 

 

                                                                                                   

                                                                                                  Stobadine 

 

                                                                                      

                                                                                        AGE 

Stobadine inhibits formation of AGEs and ALEs 

by interfering with processes of advanced 

glycosylation and lypoxidation. 

Cumaoglu 

et al., 2007, 

2010 

Stefek  et 

al., 2008 

Rackova et 

al., 2006 

N
H

N

R2

R6

R7

R9

R8
H

9
b

H
4
a

substituted 

hexahydropyridoindoles 

POVERFULL ANTIOXIDANT 

Karasu, 

2010 

review 

Protein 

carbonylation 

AGEs 

ALEs 

Lipids   +  ROS                       Lipid hydroperoxides 
Stobadine 
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 Stobadine has Anticataract Action 
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ROS + 

ERK/MAPK 

INFLAMMAGING 

AGER 

AGEs AGEs 

ROS - 

AGE-R1 versus RAGE 

the chief 

endocytic 

AGE receptor 
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Punicic acid is an ω-5 long chain polyunsaturated fatty acid found 

in Punica granatum (pomegranate) seed oil, inhibits protein 

oxidation and carbonyl formation and ameliorate PKC signaling.  

PP inhibits carbonyl production in diabetic animals, 

and ameliorate insulin signaling in INS1-E cells 

Consumption of pomegranate polyphenols (PP) has 

already been demonstrated to suppress  thyrozine 

oxidation to inhibit oxysterols production.  

Grossm

an et 

al., 

2010 

Karasu 

et al., 

2010 



Temmuz 1990’da Daniel Rodman’ın The New England Medical Journal’da 60’ın 
üzerinde  erkekte büyüme hormonunun etkilerini göstermesiyle gelen ilham, 
bugün büyüme hormonunu AntiAging pazarına dahil etmiştir. AntiAging pazarında 
seks hormonları, androjenler, melatonin, kortikosteroidlerin rolü son zamanlarda 
tırmandırılmaktadır.  

Diabetes-induced metabolic stresses lead to 
an upswing in production of a particular 

kind of fat molecule, known as ceramide 

ceramide has a big effect on insulin 

resistance.  

In some animal models, ceramide 

inhibition led to an almost complete 

restoration of insulin sensitivity. 
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baseline physiological levels of ROS 

NATIVE 
PROTEIN 

DAMAGED 
PROTEIN 

REPAIR 

OXIDATION 





Anti-Aging Laboratory 

 Nutrigenetic Profile 

 Inflamation Profile 

 Detoksification Profile 

 Sport and Nutrition Profile 

 Dermatological Genetic Profile 

 Genes Releted to Oxidative Stress 

 Genes Releted to Lipid Metabolism 

 Genes related to glucose/insulin metabolism and physical activity 

 Genes related to body mass index and the distribution of body fat 

 Genes related to Metabolism 

 Genes related to the hemodynamics of physical training responsiveness 

 Osteoporosis Genetic profile 

 Pharmacologic Genetic advanced profile 

 Polymorphisms implied in risk of high blood pressure 

 Polymorphisms implied in Endothelial vulnerability 

 Polymorphisms implied in risk of Thrombosis 

 AnttiiAgiing Genettiic advanced prroffiille 

 Polymorphisms implied in risk of Environmental Stress, Nutrigenetic 118 
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The dilemma of 
hormone 

replacement 
therapy is not a 
dilemma of the 

hormones, not a 
dilemma of 

oestrogen, it is a 
dilemma of bad 
clinical practice 

and of the wrong 
prescribing rate of 
hormones and this 
should be changed 

in the future.  
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Scientific Instututions, Foundations, 

Associations & Societies on Anti-

Aging/Longevity Sciences 

http://www.esaam.org/
http://www.saaam.org/
http://www.regmed.net/
http://www.sens.org/
http://www.nia.nih.gov/
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