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As time goes by ...
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« All diseases run into one - old age.
Ralph Waldo Emerson

* o get back my youth | would do anything in the

world, except take exercise, get up early, or be
respectable.

Oscar Wilde




« | don't want to achieve immortality through my
work. | want to achieve it through not dying.

* |'m not afraid to die, | just don't want to be there
when it happens.

Woody Allen
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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)



Definition of aging in reliability theory

Ageing:
Increasing risk of failure

with the passage of time (age).




Age-associated changes
In Molecular, Cellular and Wh'iCh '|ead to pathO-l()gy

Tissue Levels

e Loss of Molecular Fidelity

e Accumulation of Oxidation Products of Lipids and Proteins
e Thelomere Shortenings

e Decrease Capacity of Cellular Defense Mechanisms

e DNA Damage

e Increase in Mutations

e Increase in Inflammatory Reactions

e Impaired Cellular Signaling

e Decline in immunological functions

e Tissue dysfunctions



Age-associated changes
which lead to pathology

In Organ and Organism Levels

e Altered posture and reduced stature

e Greying and whitening of the hair

e Wrinkling of the skin

e Loss of accommodation

e Lens focussing of the eye

e Loss of muscular strength and physical stamina
e Imbalance

e Loss of memory

e Incontinence

e Deafness

e Reduced visual acuity

e Hardening of the arteries and increased blood pressure

e Increased probability of cerebrovascular disease

e Increased likelihood of renal failure, dementia, cancer
e Type Il diabetes

e Osteoporosis, osteoarthritis

e Blindness from cataracts or retinopathy
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The incidence of a number of pathologies increases with age and we
become more susceptible to certain diseases
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Theories of biological aging: Genes, proteins, and free radicals
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Abstract

Tradinonal categorization of theories of aging into programmed and stochastc onesis outdated and obsolete. Biological aging
15 considered to occur mainly during the period of survival beyond the natural or essential lifespan (ELS) in Darwinian terms
Organisms survive to achieve ELS by wvirtue of genetically determined longevity assuring mamtenance and repair system:
(MRS). Aging at the molecular level 1s characterized by the progressive accumulation of molecular damage caused b
environmental and metabolically generated free radicals, by spontaneous errors in biochemical reactions, and by nutnitiona
components. Damages in the MRS and other pathways lead to age-related failure of MRS, molecular heterogeneity, cellula
dysfunctioning, reduced stress tolerance, diseases and ultimate death. A unified theory of biological aging in terms of failure o
homeodynamics comprising of MRS. and mvolving genes. milien and chance. 15 acauiring a definitive shape and wides



Biology Viewpoint on Aging

For a much smaller group of scientists (naturalists, zoologists, some
biologists) very familiar with life span characteristics of many non-
human species, the overwhelming observational impression 1s that

complex organisms are designed to have a limited and very species-
specific life span.
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* Darwin’s theory published in 1859 The Origin of Species has two
elements:
— Fact of evolution: Did evolution occur? Are current species descended
from earlier, generally simpler species? Our certainty that evolution has

occurred has steadily increased. There 1s essentially no scientific
disagreement.

— Mechanics of evolution: How does evolution work? What factors are
important in determining which features are incorporated into an
organism’s design? Discrepancies between observations and Darwinian
mechanics appeared immediately and additional discrepancies appeared
later. Our certainty regarding Darwinian mechanics has decreased over
time. Alternative adjustments or modifications to Darwinian mechanics
have been proposed, some of which support aging-by-design.



DOUGIES J. Futuyma

Darwin’s Dilemma

Darwin’s natural selection or “survival of the fittest” theory was
obviously incompatible with feature theories of aging. No plausible
way aging or other designed life span limitation assists individual
survival or propagation. Cited at the time as evidence Darwin’s theory
was mcorrect.

A number of other apparent natural selection incompatibilities,
especially in the area of behaviours, have been observed.

This incompatibility has affected aging theories for nearly 150 years.
Any feature theory of aging must invoke at least an adjustment to
“Darwinian” natural selection theory.

EVER SINCE
DARWIN
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Benefits of Life Span Limitation

* A number of plausible benefits of a design-limited life span have been
proposed:

— Auds evolution process by shifting resources to younger, more evolved members of
population (Wemsmaml 1882)

In 1882, August Welsmann an Austrian biologist, proposed a feature
theory in which animals were genetically programmed to die. Purpose
was to enhance the process of evolution. The “programmed death”
theory achieved little scientific support primarily because of the
conflict with Darwin’s theory.

— Reduces possibility of extinction by overpopulation (Mittledorf)

— Auds evolution process by challenging older individuals (Schulachev)
— Auids evolution, especially of features like intelligence and immunity (Goldsmith)
— Prevents domination of the gene pool by a few older individuals
—  Etc., etc.
* Proposed evolution theory adjustments (all dilute individual benefit
requirement):
— Selfish gene theory (Dawkins 1975)
— QGroup selection theories (—1962)
— Evolvability theories (~1996)


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

Evolvability and Aging

Traditional Darwinism assumes all organisms have the same capacity
for evolution. However, developments m genetics suggest complex
(sexually reproducing) organisms have evolved improvements 1n their
ability to evolve (adapt to their environments).

Evolvability 1ssues are relattvely new (~1996) and may eventually
result 1 major changes 1n the way we think about evolution.

All the discrepancies have evolvability explanations.

Aging-by-design and biological suicide have multiple evolvability
benefits.



Aging - by- design

* Believers 1n aging-by-design tend to be much more optimistic
regarding anti-aging medicine. A design can be modified. Most
pharmaceuticals are mtended to alter or compensate for some aspect of
human design.

The
Evolution
of
Aging
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“FASCINATING...INTRIGUING.”
—The New York Times Book Review

Available online at www.sciencedirect.com
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Abstract

Since the first cell culture was set at the beginning of the twentieth century it was believed that all cultured cells, if provided with the proper
conditions, would replicate indefinitely. Sixty years later we overthrew this dogma by finding that normal cells have a finite capacity to
replicate and that only abnormal or cancer cell populations can replicate indefinitely. We interpreted these findings to bear on our
understanding of the aging process. If, as had been previously thought, normal cells can replicate indefinitely, then age changes could not
have an intracellular origin. Our findings demonstrated that, on the contrary, age changes do have an intracellular origin. The hundreds of
changes that were subsequently found to precede the loss of replicative capacity have been interpreted to be age changes and the finitude of
replication to be an expression of longevity determination. Subsequent findings by others have determined the molecular mechanism that
governs the finitude of normal cell replicative capacity and how immortal cancer cells escape this inevitability. Thus, key events in our
understanding of aging, longevity determination and cancer have been revealed.

@ 2003 Elsevier Inc. All rights reserved.

Kevwords: Cell culture; Longevity determination; Senescence:; Aging: Immortalization; Telomeres; Telomerase
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Review

Cellular senescence and organismal aging

Jessie C. Jeyapalan, John M. Sedivy~

Department of Molecular Biology, Cell Binlogy and Biochemistry, Brown University, Providence, BRI 0291 2, USA

ARTICLE INFO ABSTRACT
Article history: Cellular senescence, first observed and defined using in vitro cell culture studies, is an irreversible cell
Available online 12 April 2008 cycle arrest which can be triggered by a variety of factors. Emerging evidence suggests that cellular
senescence acts as an in vivo tumor suppression mechanism by limiting aberrant proliferation. It has also
Keywords: been postulated that cellular senescence can occur independently of cancer and contribute to the
Cellular senescence physiological processes of normal organismal aging. Recent data have demonstrated the in vivo
Aging accumulation of senescent cells with advancing age. Some characteristics of senescent cells, such as the
Telomeres ability to modify their extracellular environment, could play arole in aging and age-related pathology.In

this review, we examine current evidence that links cellular senescence and organismal aging.
@ 2008 Elsevier Ireland Ltd. All rights reserved.
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Senescence, Apoptosis or Autophagy?

When a Damaged Cell Must Decide Its Path - A Mini-Review
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DNA damage, cellular senescence and organismal
ageing: causal or correlative?
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ABSTRACT

Cellular senescence has long been used as a
cellular model for understanding mechanisms
underlying the ageing process. Compelling evidence
obtained in recent years demonstrate that DNA
damage is a common mediator for both replicative
senescence, which is triggered by telomere short-
ening, and premature cellular senescence induced
by various stressors such as oncogenic stress and
oxidative stress. Extensive observations suggest
that DNA damage accumulates with age and that
this may be due to an increase in production of
reactive oxygen species (ROS) and a decline in DNA
repair capacity with age. Mutation or disrupted

capacity of detoxification, can cause oxidative damage to
macromolecules including DNA. There is an emerging
consensus that a progressive and irreversible accumulation
of oxidative damage contributes to impaired physiological
function, increased incidence of disease and thus impacts
on the ageing process (3.4).

Although ageing may involve damage to various
macromolecules, for those that can be replaced by their
fast turnover, damage may not accumulate and therefore
may not be critical. DNA, on the other hand, is the prime
information molecule of the cell and nuclear DNA in
particular must last the lifetime of the cell. Therefore,
DNA damage represents a critical threat to cell function.
If DNA damage is severe or its accumulation exceeds its

elimination by DNA repair mechanisms, cellular senes-
Amtrnm A amamteote 1aill o Aasstr and thie mav coanteiliite o



Denham Harman, M.D., Ph.D.

Pioneering aging research for five decades

| B FREE
Emeritus Professor, Internal Medicine

e RADICAL
' THEORY OF
AGING

He gained international acclaim as the father of the free-radical theory of aging. He also discovered the
role of antioxidants (vitamins C, E, and beta-carotene) in fighting heart disease and cancer. And today,
the internist, chemist and octogenarian Dr. Denham Harman continues his pioneering work, searching for
ways to extend a person’s healthy life span.

"He deserves the Nobel Prize,” said Dr. Donald Ingram, acting chief of the laboratory of experimental
gerontology at the National Institute on Aging in Baltimore.



The Free Radical Theory of Aging 1956,
Oxidative Stress Theory of Aging 1967,

Mitochondrial Theory of Aging 1972,

Denham Harman
Denham Harman

Denham Harman

The free radical theory of aging argues

process..
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1954-Free Radical Theory of Oxygen Toxicity
Gerschman [8]

1956-Free Radical Theory of Aging
Harman [11]

1969-Erythrocuprein is CuZnSOD
Fridovich and McCord [14]

1972-Discovery of MNSOD
Fridovich and Weisiger [203]

1972-Mitochondrial Theory of Aging
Harman [16]

1987-Oxidative damage to proteins increases with age
Stadtman [18]

1989-CuZnSOD null flies have a decreased lifespan
Phillips and Hilliker [147]

1990-Oxidative damage to DNA increases with age
Ames [17]

1995-MnSOD homozygous null results in lethality
Epstein [175]

2000-CuZnSOD overexpression does not extend
mouse lifespan Epstein [251]

2003-MnSOD heterozygous knockout mice have
normal lifespan Richardson [212]

2005-Mitochondrial catalase overexpression extends
mouse lifespan Rabinovitch [262]

2005-CuZnSOD homozygous null mice have a
shortened lifespan Huang [187]



Free radical theory of Aging goes hand-in-hand
with other theories of Aging

MOLECULAR THEORIES

EVOLUTIONARY THEORIES Codon Restriction

Disposable Soma I Accumulation of

Free Radical DAMAGES Error Catastrophe
Somatic Mutation

Differentiation
T 1‘ 1‘ Gene Regulation

CELLULAR THEORIES
Free Radical-Oxidative Metabolism

Antagonistic
Pleiotropy

Mutation Accumulation

Mitochondial Theory of Aging
Wear and Tear

Glycoxidation Theory of Aging
Aging has been defined as Lipoxidation Theory of Aging

the collection of changes . .
thatremmrfwﬁm1 Inflammation Theory of Aging

progressively more likely
to die (Medawar, 1952).

Apoptosis
Senescence




what are the Prooxidants ?

Free Radicals: R.C ’ ;
\gp Any species that contain one or 3L+ Carbon-centere
P

more unpaired electrons, very Eﬁé "g trogen-cetntel;led
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: . . R-S- Sulfur-centered
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electron,

H,O0, Hydrogen peroxide
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oxygen is essential for aerobic organisms

The Reactive Oxygen Species (ROS) are
physiologically generated during oxidative
metabolism of any aerobic organism

ROS
Radicals: Non-Radicals:
0,'- Superoxide H,0, Hydrogen peroxide
OH- Hydroxyl HOCl- Hypochlorous acid
RO, Peroxyl 03 Ozone
RO Alkoxy] 102 Singlet oxygen
HO, - Hydroperoxy]l ONOO-  Peroxynitrite




Endogenous Source of ROS
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ROS are generated in living cells
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ROS generation is an essential element
for certain biological responses
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complex signal role of ROS

1n the cells

Reactive Oxygen as a Second Messenger

H202 generation via the Nox-4
subunit of NAD(P)H oxidase....

nucleus
focal adhesions

Endogenously prduced H202
mimics many physiological
responses of insulin

Exogenously added H202 has also
been shown to activate several key
components of the insulin signaling
cascade.

Brown & Griendling, FRBM 47: 1239 [2009]



Breakdown of physiological Signalling
as a Results of Oxidative or Reductive Stress

World J
Gastroentero
|. 15:4137-
42, 2009. Glucose
Endogenous
Cai H; antioxidants
Circulation
Research
96:818-822,

2005

Environmental

factors, e.g. [3] [Oxidative damagef
hyperglycemia,
\_hyperlipidemia

Insulin gene expression‘

32
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metabolism, the Oxidative Stress can occur as a result
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Free Radicals-induced Oxidative Stress

Increased oxidative Reduced antioxidative Increased ROS
challange defense Production
O

ntioxidant
e

DISBALANCE, NONEQUILIBRIUM
ROS

Helmut Sies



Oxidative stress
Oncogenes
Dysfunctional telomerases
DNA damage

Senescence signals

Cellular Apoptotic cell Autophagic
senescence death cell death




Antioxidants act as biological response modifiers!
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Antioxidants act as biological response modifiers!
to maintenance of celular redox homeostasis

Radical Formation — Cell Death
Oxidant Uptake :: Oxidative
l — Damage
: Adaptation
Oxidants L
) —  Metabolic
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- MAntioxidative Defense —
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T .
: Reductive
Antioxidants — Stress
Antiox. Enzymes
:: Cell Death !

Repair
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Birth Process is a Potential Source of
High Initial Damage

e Severe hypoxia and asphyxia
just before the birth.

% || * oxidative stress just after the
*| Dbirth because of acute
reoxygenation while starting to
breathe.

e The same mechanisms that
produce ischemia-reperfusion
injury and the related
phenomenon, asphyxia-
reventilation injury known in
cardiology.




Spontaneous mutant frequencies with age in heart
and small intestine
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Source: Presentation of Jan Vijg at the IABG Congress, Cambridge, 2003



Anti-Aging
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Anti-Ageing is “Healthy Aging” 7?77?

'‘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

roxXima
DETERMINANTS OF HEAITHY AGEING ® proximal
remote
By A.M. Davies F:llrl?c-f
ECONOMIC B individual
OPPORTUNITY
MIGRATION URBANIZATION
SOCIAL
STABILITY DEVELOPMENT
TRENDS
AGE, GENDER, EDUCATION,
PATTERNS OF HEALTH BEHAVIOUR, FAMILY SIZE,
SUBSISTENCE MENTAL MAKE-UP, DISEASE STATE, RELIGION
NUTRITION
POPULATION
STATUS OF

CLIMATE WOMEN POLICY

CULTURAL PATTERNS ECONOMIC STATUS E:JFI;LLL%

OF COMMUNITY
TECHNOLOGICAL AND BELIEFS
ADVANGES WORLD ECONOMY
DEBT
FOOD PRODUCTION
DEVELOPMENT
WAR COMMUNICATIONS

DEMOGRAPHIC CHANGE ~ SOCIAL SYSTEM
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Contra...

v 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.

v' 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

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

The past decade has withessed 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. Weinklel, Jay P. Tiesman?

tUniversity of South Florida College of Medicine,
°The Procter & Gamble Company, Miami, FL, USA
Genomics of Skin Aging: Practical Applications

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



Pro...

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

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



a7

Pro...

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. Robinson?, Robert L. Binder?!, Christopher E.M. Griffiths?
1The Procter & Gamble Company, Miami, FL, USA

Manchester Academic Health Center, Manchester, UK
Genomic-Driven Insights into Changes in Aging SKin

Robinson MK, Binder RL, Griffiths CEM. J Drugs Dermatology 8:8-11, 2009
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consequence of a Succesful
Biomedical war on Aging

population changes are surprisingly small and
" slow in their response to a dramatic life
‘| extension.




The purpose of our studies:

to understand the mechanisms of aging and
longevity in order

v’ to extend healthy and productive human
lifespan.




~ o

Lucas Cranach d. A. The fortune of youth. 1546, National Gallery Berlin



Modern anti-aging medicine

* Prevention
e Regeneration

e Anti-aging procedures



STEM CELL TECH, BIOCHIPS, SELF-TISSUE GROWN
TRANSPLANTS, GENE THERAPY, OTHER BIOMED TECH.

Now, Know \Gaes
Your Risk for
Deadly Diseases
...and How to

héﬁ [hem




Farmaconutrigenomics Bioinformatics
Bioengineering

l Geriatrics

Metabolism D> Damage ‘ Pathology (Ageing)

\

Farmacogenomics

Cellularbiology Biogerontology

Farmacoproteomics
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DIE BIOLOGIE DES ALTERNS

Why do some
people age
accelerated,
some not?

Human &ging: From the Bench 1o the dinic

Your Genefic

Centenarians as a model for healthy aging

( Flanceschl ‘t1' and M. Bonafe®

Now, Know
Your Risk for
Deadly Diseases
...and How to
Fight Them

Abstract
10years we have studied

Biochemical Society Transactions
(2003) Volume 31, part 2



SARDINAS

Drink red wine (in - moderation)
Share the work burden with spouse
Eat pecorino cheese
(and other omega-3-foods)

ALL

DDI’J P ESTHOKE!
PUGamIlyAirSE
BEfaCtVEEYErRY. ODKINAWANS
day; Keep lifelong) friends
pPISOCIally, Eat small poertions
ngagea Find purpose:
AGUIGS)
Vegetablesyand
WHOIEGIAINS

ADVENTISTS
Eat nuts and beans
Observe the Sabbath

Have faith

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

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



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




' BREAKTHROUGH-OF THE:YEAR=

uman Genetl Varlatlo




AGE
MANAGEMENT

WEIGHT MANAGEMENT
STRESS MANAGEMENT GENETICS

Control of Cellular Metabolism

Control of Cellular Stressors
Nutraceuticals
Nutrition Mitochondrial Bioenergetics
Excersize - . Trace elements
Cognitive Training Vitamins, antioxidants



AGING
ANTI-AGING
RESEARCH

Pub Med:
Aging: 244.644 publication
Anti-Aging: 4341 publication
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A carboxyfullerene SOD mimetic

improves cognition and extends the Tifespan
of mice

Old + SOD
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higher Hayfick 1imit has been observed
in hypoxia or in the presence of
antioxidants
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An attempt to prevent senescence: A mitochondrial approach

- ok 'Y}
a 5 o 8 B

Damaged part of brain, mm?®

=

contrel SkQR1 control SkQR1
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Sle: A mitochondrially targeted antioxidant that extends lifespan
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Therapeutic effect of instillations of Vetomitin (drops of 5kQ1) on retinopathies

Animal Number of animals Sle q protective effects on
SPecies Before treatment After treatment reperfusion injury cataract and
V4

Blind Partial loss Total Wision was returned Vision was  Vision was
of vision to blind animal improved  not improved ret|nopath|es

58 19 17 46 19 12

27 9 6 17 5 14 '
4 18 7 4 1 o Skulachev et al., BBA 1787: 437 [2009]
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Increase of IL-6 and decrease of IL-10 leads to
inflammaging and accelerated Aging

Limit of individual

Iifes pan

Disability,

APOEed- ind Diseases

Threshold for frailty / [Death
APDOEed+ individuals '

Successful

High IL-G/law IL-10 ' Aging
Rale of inflammaging '
Low IL-B/high IL.-10

Age




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

Association between e ‘ "
longevity and cytokine -2 W gl AN e Reg K

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 LEVELS ARE THE MAIN PREDICTURS

OF DISABILITY AND MORTALITY IN THE

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

increase in inflammaging (the slope of inflammaging). In

this regard, we found that subjects homozygous for the

IL-6 —174GG polymorphism had higher plasma levels

of IL-6 than carriers of allele C at position —174 [12]. Inde-

pendent studies found that high IL-6 levels are the major

predictor of disability and mortality in the elderly [18]. We

also found that the IL-6 —174 GG genotype is under-

represented in centenarians. We thus considered that the IL-6 GRE GRE AP1 CRE NFKB TATA
—174 genotype may be a major modulator of inflam- Pl Homoogie)  stele
maging. We found this phenomenon to be restricted pri-

marily to males, suggesting that the two genders follow Interleukin-6-Promotor

different trajectories to attain longevity.

Constitutional NFkB activation during aging, originated by.
free radical increase contributes to incerased IL-6 and
inflammation> decerased IL-2



IL6
Physiology
Inflammation

Immunity
Bone metabolism

Neural Development
Reproduction
Hematopoiesis

IL6
Pathophysiology

Chronic inflammation
Autoimmunity

Diabetes
Cardiovascular disease
Ageing, frailty

Osteoporosis
Alzheimer

Neoplasia, Leukemia
Atheriosclerosis
Rheumatoid arthritis

Foeniculum vulgare Cinchona succirubia Urtica pilulifera
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The Interleukin-6 inﬂammaiun thwy from choleste
aging — Role of statins, bisphosphonates and plant
polyphenols in aging and age-related diseases

Sota Omoigui E25
Diwvizion of Inflammation and Pain Medicine, L.& Pain Clinic, 4019 W. Rosecrans Awve, Loz Angeles, T4 90250, USA

author email B corresponding author email

Immunity & Ageirg 2007, 4:1 doi:10.1186/1742-4933-4-1

The electronic version of this article i=s the complete one and can be found online at:
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Cholesteryl ester transfer protein (CETP) 1405V
polymorphism and longevity in ltalian centenarians

CELLINI Elena ; NACMIAS Benedetta ; OLIVIERI Fabiola ; ORTENZI Luigi ; TEDDE Andrea
BAGNOLI Silvia , PETRUZZI Concetta , FRANCESCHI Claudio SORBI Sandro

Oxidative

CE \modlﬂcatlon

Arterial wall
macrophage

Adapted from Brewer HB. Arterioscler Throm Vasc
Biol. 2004;24:490-497 Lipid-poor apoAl

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.




Repetitive heat shock

/

DSCD1-1C

Survival [%)

Hormesis: stress can stimulate defence and
repair mechanisms and prolong 1ifespan

Repetitive osmotic stress

/
DSCD1-1C

Survival [%]
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Generation number

J. Vina: “Exercise is the best
antioxidant”

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



Critical Reviews in Toxicology, 38:620-631, 2008
Copyright © 2008 Informa UK Ltd.

ISSN: 1040-8444 print { 1547-6808 online

DOL: 10.1080/10408440802026372

Peptides and Hormesis

Abba J. Kastin and Weihong Pan

Pennington Biomedical Research Center, Baton Rouge, Louisiana, USA

Biology is replete with examples of hormesis, the term introduced and developed by Calabrese.
The corresponding concept in the field of peptide research has been characterized as the inverted
U-shaped dose-response relationship. The articles by Calabrese in this issue summarize the
notable progress occurring in the past three decades. In contrast to the skepticism encounterec
when we introduced this concept for peptides in the early 1970s, hormesis is now becomin
recognized as characteristic of many actions of these small proteins. Calabrese is performin
a considerable service by his strong adva and promotion of the concept to a more gener
readership. Hopefully, hormesis will be routinely considered in the design of research projec
and the discovery of pharmaceutical agents.

Keywords  bell-shaped, dose response, hormesis, inverted-U, MIF-1, MSH, peptides
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Hormesis, Adaptation, and the Sandpile Model

Martha Stark

Faculty, Continuing Edvucation Program, Beth Israel Deaconess Medical Center, and Faculty, Center for
Psychoanalytic Studies, Massachusetts General Hospital, Harvard Medical School, Boston,
Massachusetts, USA

Human & Experimental

BELLE Article:

Mark p Mattson *
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, V of Neuroscj,
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" Effect of 6-Month Calorie Restriction on Biomarkers of
Longevity, Metabolic Adaptation, and Oxidative Stress
in Overweight Individuals: A Randomized Controlled

Onling arficie and related content Trial

cumrent a5 of Movember 1, 2008, o _ B _
Leonie K. Hedbronmn; Liian de Jonge; Madlyn |. Frisard; et al.
JAWA. Z0062295(13)015358-132E (dal:10.1001/]ama.285.13.1339)

hitpfijlama.ama-assn.orgicgiconientuli235/13/1539

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



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

Am J Pathol. 2008 August; 173(2): 327-336. PMCID: PMC2475771
doi: 10.2353/ajpath.2008 080152

Copyright © American Society for Investigative Pathology

Oral Glycotoxins Determine the Effects of Calorie
Restriction on Oxidant Stress, Age-Related Diseases, and
Lifespan

Weijing Cai,” John C. He,T Li Zhu,” Xue Chen,” Feng Zheng,” Gary E.
Striker ™ and Helen Viassara®

0.5

Cumulative survival

From the Department of Geriatrics,” Division of Experimental Diabetes and Aging, and the I:I’ g“
Cepartment of Medicine,” Division of Mephrology, Mount Sinai School of Medicine, Mew York, Mew Py c:t?High
York; and the Departments of Medicine and Surgery * Miller Schoal of Medicine, University of Miami,
Miami, Florida 00 14—
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Accepted April 24, 2008.
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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

Stvolinsky et
al., 2010
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Diet and physical

activity
< >
METABOLIC CALORIE
SYNDROME RESTRICTION
Stvolinsky et
G T Body fat J Body fat
J Glucose tolerance T Glucose tolerance
T LDL cholesterol d LDL cholesterol
J HDL cholesterol i< T HDL cholesterol
: irtuin :
T Triacylglycerol by 4 Triacylglycerol
Disease predisposing AMPK Disease protecting

resveratrol, increases the
catalytic (deacetylase) activity
of SIRT-1, mimics the effects of
calorie restriction
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Autophagy as an anti-aging mechanism

Pharmacological or genetic manipulations designed to prolong lifespan induce autophagy in multiple
model organisms, including yeast, nematodes and flies, and the inhibition of autophagy often (always?)
prevents longevity extension in such settings. This applies to lifespan extension induced by caloric
restriction, genetic or pharmacological activation of Sirtuin 1, inhibition of the mammalian target of
rapamycin (mTOR) with rapamycin, and administration of spermidine, a histone acetylase inhibitor
(3,4,81,104-107]. Among these stimuli, there is circumstantial evidence that Sirtuin 1 (whose
activation occurs during and is necessary for starvation- and resveratrol-induced autophagy) acts in a
hormetic fashion. One of the best-known systems of hormesis is ischemic preconditioning (IPC),
whereby short episodes of ischemia protect the brain against a later, more severe reduction in oxygen
and nutrient supply. In this system, the administration of resveratrol can mimic IPC, and both
resveratrol and IPC induce similar changes in the acetylproteome of the brain [53].

Caloric pnc-1 Resveratrol
restriction  overexpression treatment

Aging (Albany NY'). 2011 Sep &. [Epub ahead of print]

Hormesis, cell death and aging. Sirtuin-1

Martins |, Galluzzi L, Kroemer 5.
INSERM, U242, 34805 Villejuif, France. l

;
s | Autophagy | (s

| |

Longevity

Cep-1
depletion

Rapamycin
treatment
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oxidative pathomechanisms of
nheurodegeneration 1n cognitive aging
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2002)

Ca*' 1 Cys §
/ / N-acetyl cysteine causes a significant
\ GSH 1 decrease in protein carbonyls, reverses
ROS i .
| REDST the age-related decline in cytochrome ¢

content and the decrease in cytosolic
GSH in the brain (Cocco et al., 2005).

(R)-a-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.




transduction.

Cumulative survival
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p66shc-/- mice: longer 1ifespan, higher resistance
to oxidative stress and type 2 diabetes

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
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Nrt1 and Tnal-Independent Export of NAD™ Precursor
Vitamins Promotes NAD"™ Homeostasis and Allows
Engineering of Vitamin Production

Peter Belenky', Rebecca Stebbins’, Katrina L. Bogan'?, Charles R. Evans®, Charles Brenner'**

1 Departments of Genetics and Biochemistry and Morrs Cotton Cancer Center, Dartmouth Medical School, Lebanon, MNew Hampshire, United States of America,
2 Departments of Biochemistry and Internal Medidne, Carver College of Medicine, University of lowa, lowa City, lowa, United States of America, 3 Molecular Phenotyping
Core, University of Michigan Mutrtion and Obesity Research Center, Ann Arbor, Michigan, United States of America

Abstract

NAD® is both a co-enzyme for hydride transfer enzymes and a substrate of sirtuins and other NAD™ consuming enzymes.
NAD™ biosynthesis is required for two different regimens that extend lifespan in yeast. NAD® is synthesized from tryptophan
and the three vitamin precursors of NAD™: nicotinic acid, nicotinamide and nicotinamide riboside. Supplementation of yeast
cells with NAD™ precursors increases intracellular NAD™ levels and extends replicative lifespan. Here we show that both
nicotinamide riboside and nicotinic acid are not only vitamins but are also exported metabolites. We found that the deletion
of the nicotinamide riboside transporter, Nrtl, leads to increased export of nicotinamide riboside. This discovery was
exploited to engineer a strain to produce high levels of extracellular nicotinamide riboside, which was recovered in purified
form. We further demonstrate that extracellular nicatinamide is readily converted to extracellular nicotinic acid in a manner
that requires intracellular nicotinamidase activity. Like nicotinamide riboside, export of nicotinic acid is elevated by the
deletion of the nicotinic acid transporter, Tnal. The data indicate that NAD™ metabolism has a critical extracellular element
in the yeast system and suggest that cells regulate intracellular NAD™ metabolism by balancing import and export of NAD™
precursor vitamins.

Citation: Belenky P, Stebbins R, Bogan KL, Evans CR Brenner C (2011} M1 and Tnal-independent Export of NAD* Precursor Vitamins Promotes NAD®
Homeostasis and Allows Engineering of Vitamin Production. PLaS ONE &(5): 19710, dai10.137 journalpone D0 19710

Editor: Vasu D. Appanna, Laurentian University {anada

Received February 24, zﬂll@l—ﬁ, 2011; Published May 11, 2n||>

Supplementation of yeast cells with NAD+ precursors (tryptophan,
nicotinic acid, nicotinamide) increases intracellular NAD+ levels and
extends replicative lifespan.
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Improvements in Nutrition and Lifestyle Increase Telomerase
Activity

by Lara Pizzorno, MDiv, MA, LMT

Can telomerase activity be increased by improvements in diet and lifestyle?

Fublished in the Movember 2008 issue of Lancet Oncology, Or. Dean Crnish's latest research, a pilot study
an the effects of dietary and lifestyle changes in 20 men with low risk prostate cancer, suggests the answer is
aresounding "Yes!" PBMC telomerase activity in these men increased 29.84% within just 3 months of

making significant, yet simple, changes in diet and Iifest:.rle.1

Telomerase-Enhancing Diet, Supplement and Lifestyle Program

After a 3-day intensive residential retreat, the men were placed on a low-fat (10% of calories from fat), whole
foods, plant-based diet, centered on vegetables, fruits, unrefined grains, and legumes. Intake of refined
carbohydrates was minimized. The diet was supplemented with soy (one daily serving of tofu plus 58 grams
of a fortified soy protein powdered beverage), fish oil (3 grams daily), vitamin E (100 (U daily), selenium (200
pg daily), and vitamin C (2 grams daily).

In addition, subjects participated in moderate aerobic exercise (walking 30 min/day, § daysiweek); stress
management (gentle yoga-based stretching, breathing, meditation, imagery, and progressive relaxation
techniques 60 min/day, 6 daysiweek), and a 1-hour group support session once per week. Participants also
met with staff 4 hours per week and had one weekly telephone contact with a study nurse.

Compliance was excellent for both lifestyle and dietary recommendations. After 3 months, subjects reported
consuming an average11.6% of calories from fat per day, exercising an average of 3.6 hours each week, and
practicing stress management technigues an average of 4.5 hours each week. All medications remained
unchanged throughout the 3-month trial, with the exception of paricipant whose statin drug dosage was
decreased.




Telomerase: Anti-Aging Miracle?

The mice involved in the study were given an enzyme called telomerase, 4-OHT, to reactivate the telomeres in
the body. The telomeres are found on the ends of chromosomes and serve to protect the chromosome from

damage. As aging occurs, the telomeres get smaller and eventually die off.

The mice that showed signs of reversed aging had larger brains after receiving the enzyme. It also reversed

notes Nature.

loss of fertility. DePinho noted "It gives us a sense that there's a point of return for age-associated disorders,”

Will telomerase eventually be a drug known to people worldwide? |s this enzyme the magic cure for aging?

down, notes the Daily Mail.

DePinho was surprised that this enzyme so completely reversed the aging process, rather than just slowing it

About TA-65®

TA-65% is a proven telomerase activator* that was discovered by
California biotech company Geron, and licensed to T.A Sciences. Our
clients take TA-G65 capsules in a 12 maonth program known as the
Patton Protocol. TA-65 turns on the hTERT gene® which activates the
enzyme telomerase which can lengthen your telomeres. We measure
your telomeres before, during and after completing the Protocol to
show actual changes in telomere length.

How is TA-65® made?

TA-B5 is a naturally occurring single molecule found in the ancient
Chinese herb Astragalus. T.A. Sciences has developed a proprietary
process to refine and purify TA-65. Our process begins with tons of
plant material harvested from selected farms in one small region in
China. In our plant extraction facility, the raw Astragalus root is chopped
up and refined. After initial extraction, the base ingredient is further
purified and then sent to an outside government testing facility where it
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Telomere Shortening Reduces Regenerative Capacity after
Acute Kidney Injury

Jens H. Westhoff,” Carolin Schildhorn, ™ Christoph Jacobi,” Meike Homme, '
Andrea Haﬂnerfc Heidi Braun, Christine Kryzer, Chunfang Wang;g‘

Thomas von Zglinicki,® Bettina Kranzlin,' Norberj-2satz | and Anatia Bt T
Biochimie. 2008 Jan;90(1).24-32. Epub 2007 Sep 22.

Telomere dysfunction and stem cell ageing.
JuZ Lenhard Rudolph K.

Institute of Molecular Medicine and Max-Planck-Research Group on Stem Aging, Ulm University, Ulm, Germany.

Aging Cell. 2011 Apr 25. doi: 10.1111/.1474-9725.2011.00718.x. [Epub ahead of print]

Comparative Biology of Mammalian Telomeres: Hypotheses on Ancestral States and the Roles of Telomeres in Longevity
Determination.

Gomes MM, Ryder QA Houck ML, Charter SJ, Walker W, Forsyth MR, Austad SN, Venditti ©, Pagel M, Shay W, Wright WE.

Department of Cell Biology. The University of Texas Southwestern Medical Center, Dallas, Texas, 75390-8038, US4, Faculdade de Ciéncias da Universidade de Lizboa, P-1748-016 Portugal.
Conzervation and Rezearch for Endangered Species, Genetics Divizion. Arneld and Mabel Beckman Center for Conzervation Rezearch, Ezcondide, California 82027, USA Keele University Medical
School, Stoke on Trent, STA 7QB, UK Barshop Center for Longevity and Aging Studies, San Antonio, Texas 78245, USA. School of Bielogical Sciences, University of Reading, Reading, QOriginal
Paper Berkzhire, RGS 8BX, UK Santa Fe Inzstitute, Santa Fe, New Mexico 87501, USA.

Abstract

Progressive telomere shortening from cell division (replicative aging) provides a barrier for hurman tumor progression. This program is not conserved in laboratory mice, which
have longer telomeres and constitutive telomerase. Wild species that do/do not use replicative aging have been reported but the evolution of different phenotypes and a
conceptual framework for understanding their uses of telomeres is lacking. We examined telomeresitelomerase in cultured cells from =60 mammalian species to place
different uses oftelomeres in a broad mammalian context. Phylogeny based statistical analysis reconstructed ancestral states. Qur analysis suggested that the ancestral
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J Orthop Res. 2011 May 16. doi: 10.1002/jor.21451. [Epub ahead of print]
Antitumor effects of telomerase inhibitor TMPyP4 in osteosarcoma cell lines.

Fujimori J, Matsuo T, Shimose 5, Kubo T, Ishikawa M, Yasunaga ¥, Ochi M.

Department of Orthopaedic Surgery, Graduate School of Biomedical Sciences, Hiroghima University, 1-2-3 Kazumi, Minami-K




Pflugers Arch. 2011 Mar 29, [Epub ahead of print]
Klotho: a novel regulator of calcium and phosphorus homeostasis.
Huang CL, Moe OW.

Department of Internal Medicine, Charles and Jane Pak Center of Mineral Metabolizm and Clinical Rezearch, University of Texas Southwestern Medical Center, Dallag, TX, 73390-8858, USA, chou-
lzng.huang@utzouthwestern.edu.

Abstract
Klotho which was originally identified as an anti-aging protein is emerging as a substance with multiple effects on many systems including mineral homeostasis. In addition to

Am J Kidney Diz. 2011 Apr 14. [Epub ahead of print]

Role of Klotho in Aging, Phosphate Metabolism, and CKD.
John GB, Cheng CY, Kurg-0 M.

Department of Pathology, University of Texas Southwestern Medical Center at Dallaz, Dallaz, Tx.

Abstract

The klotho gene (KL) was identified first as a putative aging-suppressor gene that extended life span when overexpressed and accelerated aging-like phenotypes when
disrupted in mice. It encodes a single-pass transmembrane protein and is expressed predominantly in kidney, where it functions as an obligate coreceptor far fibroblast
growth factor 23 (FGF-23). FGF-23 is a hone-derived harmone that suppresses phosphate reabsorption and 1,25 dihydrosgvitamin DC3) (vitamin D) synthesis in the kidney.
Klotho also is expressed in the parathyroid gland, where FGF-23 decreases parathyroid hormone expression and secretion, further suppressing vitamin D synthesis in kidney
Thus, FGF-23 functions as a phosphaturic hormone and a counter-regulatory hormone forvitamin D, thereby inducing negative phosphate balance. Mice lacking either FGF-23
ar Klotho show hyperphosphatemia in addition to developing multiple aging-like phenotypes, which can be rescued by resolving phaosphate retention. These findings have

Nephrol Dial Tranzplant. 2011 May 12. [Epub ahead of print]

Lack of association of Klotho gene variants with valvular and vascular calcification in Caucasians: a candidate gene study of
the Framingham Offspring Cohort.

Tangri M, Alam A Wooten EC, Hugains GS.
1Divizion of Mephrolegy, Department of Medicing, Tuftz Medical Center, Boston, USA.

Abstract

BACKGROUMND: Valvular and vascular calcification are important early aging phenotypes and represent risk factors for cardiovascular morkidity and mortality. Klotho is a gene
primarily expressed in the kidney that has an important role in calcium-phaosphate homeostasis. The functional KL-VS variant of Klotho has been associated with aging and
cardiovascular disease in human studies, but its role in valvular and vascular calcification remains unknown. We performed a candidate gene study in the Framingham
Offspring Cohort to evaluate the effect of KL-VS variant of the Klotho gene on valvular calcification.



Formation of ALEs and ALE precursors
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Formation of

Reactive carbonyl compounds and AGEs

Described by
Louis Camille Maillard 1912

OH

Reducing sugars

Autoxidations

Glucose, PRSI, X, , -Protein
pentoses & N B
OH rearrangement

Schiff base

Pentosidine/CML

AGEs

Protein-NH, glycoxidations /

Amadori NE Protein

O H

Glycoxidation

(3-dG)
R = CH,(OH)(CHOH),;

Methylglyoxal

0
Glyoxal Glucosone
R' = CH,(OH)(CHOH),-

Thornalley et
al., 199.;
Baynes, 2000

1,2-Dicarbonyl compounds

Protein-NH, glycoxidations

AGEs

90

Pentozidine, Argpyrimidine
Pyyraline, Glucosepane
Hydroimidazolone, CML

RCCs (a-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)



Free radical theory of aging
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oxidative modification of proteins with 1lipid
peroxidation by-products
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Signalling properties of ALEs and ALE
precursors

LDL
ORIGIN OF PLASMA AND TISSUE OXYSTEROLS

Petersen and
Doorn, 2004
Exogenous source

Mainly formed by autoxidation of foodstuff

LDL oxidation (induced by heat, light exposure, refrigeration,
\ freeze-drying)

protein

¢

oxidized phospholipids (OxPLS),

i Vit-E © I"'“"”‘ Cytotoxic oxysterols
o 4-HNE _ _ (a-tocopherol) :hozmm (T-ketocholesterol, 7i-hydroxycholesterol)
oxidized cholesterol derivatives
(oxysterols)

Oncotic cells Apoptotic cells

Endogenous sources (swollen nuclel) (condensed andlor fragmented nuce)
1) Non enzymatic pathways
2) Enzymatic pathways Qa .

o

myelin figures I

ATHEROSCLEROSIS




PRO-INFLAMMATORY EFFECTS

ORIGIN OF PLASMA AND TISSUE OXYSTEROLS penscid e e i

 Induction of adhesion molecules (ICAM-1, VCAM-1)

MEMBRANE EFFECTS
o Lipid raft perturbation
o Alteration of membrane permeability

CELL ADAPTIVE RESPONSE
® Glutathione synthesis regulation

LDL

PATHOBIOL OGICAL

EFFECTS OF OXYSTEROLS

Petersen and

Doorn, 2004
CELL DEATH LIPID METABOLISM
o Activation of pro-apoptotic death-receptor pathway » Modulation of cholesterol metabolism (HMG-CoA reductase,
L D L O X i d ati O n e Activation of pro-apoptotic mitochondrial pathway ACAT, hormone-sensitive lipase)
o Activation of ER stress/UPR dependent signaling pathway  Modulation of phospholipids, sphingomyeline and fatty acids
metabolism (CTP:phosphocholine cytidyltransferase-a,

sphingomyelinase, AB-desaturase, sPLA,)
* Modulation of lipoprotein metabalism and trafficking (ApoE,
CD36, superfamily of ABC transporters, lipoprotein lipase)
e Interaction with transcription factors and intracellular lipid
transporters (SREPBs, LXRs, OSBPs)

protein

oxidized phospholipids (OxPLS),
4-HNE

oxidized cholesterol derivatives
(oxysterols)

FLAVONLAR
e | pOL IFENOLLER

ATHEROSCLEROSIS




End products of

oxidative
modifications of
lipids and proteins
are accumulated
in tissues by age

Biological

Consequences of Aging

Cell cycle arrest,
cellular senescence,
apoptosis

Organel injury

Mithochondrial
damage, energy
deficit, disease

Proteins
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Mutations Degredations
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Base modifications Telomers

of DNA/RNA Shortenning

DNA nukleer

radical generation
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membrane fluidity

Macromolecular
Targets of Aging

Lipids
Molecular Main l
Target of Aging

Peroxidation

1 Sugars
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Immune system
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signal transduction
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receptors and ion
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RNA
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Transcription factors
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Gene
expression
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of protein
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Dysfunction of
Proteosome
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disease such
as diabetes

Procoagulan alterations,
Impaired NO pathway,
endothelial dysfunction

Impaired contractile
proteins,

AGE formation
modifies the
functional
properties of
different key
extracellular

: Impaired vascular reactivity
matrix molecules




oxidized Protein Accumulation 1n Ageing
E *

C=0, nmol / mg protein
e

0 0.2 0.4 0.6 0.8 1
Fraction of Lifespan

Fig 1. Carbonyl content of protein from different tissues. One observes a dmmatic inerease in oxidized protein
during the last thind of the lifespan. The line is the semi-logarithmic fitto all the data points. The data points were
taken from published reports: B, human dermal fibroblasts in tissue culre (Oliver et al., 1987 %, human lens
{Garland, 1990} [1 human brain obtained at autopsy (Smith et al., 1991} 4, mt liver {Starke-Beed and Oliver,

Shanmugam 1989); and <, whole fy (Sohal et al., 1993).
et al., 2008

AGE/ALE levels increase during aging and in diseases like diabetes
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Lipofuscin

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

Lipofuscin accumulation in Aging

Beal, 2004 / l \

in retina hippocampal CA3

B-amyloid .
age-dependent macular  {eposition pyramidal neurons
glegenerat_lon & retinal Mitochondrial impaired memory
Jung et pigment epithelium ages dysfunction acquisition
ey, 2008 tyrosine
dihydroxyphenylalanine g Chror_]ic green tea
' S | ) consumption prevents
Ox. Stress 2 E | age-related changes in
SE ™ hippocampal lipofuscin
Lukiw & proten g R - accumulation.
’ _ Assuncéo et al., 2009
ggggn’ Neurodegenerative
e disorders Lipoic Acid
Alzheimer’s- Coenzyme Q10

\ Melanosomes Parkinson
DHA

degredation



Glycation and Skin Aging

methylglyoxal carboxymethyllysine

\/

Glycation of vimentin

v

Aggregation of vimentin

The loss of bioenergetic |  § '\ | Increased stiffness and lost
capacity in ageing skin 1 of elasticity

Damaged matrix proteins , insolubilization,

Decreased proteolytic digestibility,

2. 2008 decreased repair

Decreased epidermal proliferation rates
Damaged microcirculation
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DIABETES

insufficient
Antioxidant defense

Oxidative Modification and
Macromolecular cross-linking

NV Glycoxidation Lypoxidation

Xanthine oxidase
NADPH oxidase
NO synthase
Inflamatory cascades
Lipoxigenase
Polyol pathway
Glycoxidation

Increase of IL-6 and
decrease of IL-10 Tleads t(lﬂ .
inflammaging and accelerate ﬂammagmg

Aging

Alterations in
tissue-organ
functions

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




AGES/ALEs have been implicated 1n age-related disease and
aging itself, convincingly enough that significant effort

has gone into finding compounds that can
“prevent”, “break” and/or “reverse” then.

Vessels Skin Disorders

Atherosclerosis Eolﬁnb&ti%%ﬁons Age pigment
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e ROS, ELES/AGEs
R Eye Joints
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Semba R D et al.

J Gerontol A
Biol Sci Med Sci
65A:963-975,
2010
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Cconceptual model of the effects of AGEs 1in

multiple organ systems during aging.
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Carboxymethyl-lysine content of selected dairy products, bread, and meat using
liquid chromatography—mass spectrometry.
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proteolytic activities

Accumulation of oxidized protein is dependent on the
balance between pro-oxidant, antioxidant, and
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X GSAGS
Does Accumulation of Advanced Glycation End Products
Contribute to the Aging Phenotype?

Richard D. Semba,' Emily J. Nicklett,2 and Luigi Ferrucci’

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.



glycemia reduction by anti-diabetic therapy
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Pharmacological inhibitors of AGEs/ALEs
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Horm Ketab Res. 2011 Sep;43(10):687-52. Epub 2011 Sep 15.

Lonidamine Extends Lifespan of Adult Caenorhabditis elegans by Increasing the Formation of Mitochondrial Reactive
Oxygen Species.

Schmeisser S, Zarse K, Ristow M.

Department of Human Nutrion. Glycolyiic Innivitor: Lonicznine

Abstract
Compounds that delay aging in model organisms may be of significant interest to antiaging medicine, since these substances potentially provide pharmaceutical

approaches to promote healthy lifespan in humans. The aim of the study was to test whether pharmaceutical concentrations of the glycolytic inhibitor lonidamine are capable
of extending lifespan in a nematodal model organism for aging processes, the roundworm Caenorhabditis elegans. Several hundreds of adult C. elegan
were maintained on agar plates and fed E. coli strain QP50 bacteria. Lonidamine was applied to test whether it may promaote longevity by quantifying surny

*J lonidamine: (S

and absence of the compaound. In addition, several hiochemical and metaholic assays were performed with nematodes exposed to lonidamine. Lanidamine significantly
extends hoth median and maximum lifespan of C. elegans when applied at a concentration of 5 micromaolar by 8% each. Moreover, the compound increases paraguat
stress resistance, and promaotes mitochondrial respiration, culminating in increased formation of reactive oxygen species (R0O3). Extension of lifespan requires activation of
pmk-1, an orthologue of p38 MAP kinase, and is abolished by co-application of an antioxidant, indicating that increased RO3S formation is required for the extension of
lifespan by lanidamine. Cansistent with the concept of mitochormesis, lonidamine is capable of promoting longevity in a pmk-1 sensitive manner by increasing formation of
ROS.

Rejuvenation Res. 2011 Aug;14(4):437-41.

Rapamycin as an antiaging therapeutic?: targeting Mammalian target of rapamycin to treat hutchinson-gilford progeria and
neurodegenerative diseases.

Mendelsohn AR, Larrick JW. m TORC! signalline innivitor: Raozirnyein

Panorama Research Institute and Regensrative Sciences Institute , Sunnyvale, California.

Abstract

Ahstract Mammalian target of rapamycin (mTOR), a serinethreonine kinase and component ofthe mTORC signaling complex, acts as an energy, nutrient, growth factor,
stress, and redox sensorto increase protein synthesis and decrease macroautophagy. mTORC plays a central role in the maintenance of homeostasis and its
deterioration, seen in aging. The Food and Drug Administration (FOAapproved immunosuppressive macralide rapamycin binds immunophilin FKBP12 (FKS06-hinding
protein) to inhibit mTORCA. Unlike most other interventions tested to date, inhibition of mTQRCA by rapamycin extends life span in old mice, likely by a combination of
increased autophagy and decreased mRMA translation. Hutchinson-Gilford progeria syndrome (HGPS) is a lethal genetic disorder affecting children that is characterized by
symptoms of premature aging, such as atherosclerosis. Increased autophagy induced by rapamycin reduces accumulation of pragerin, an alternate spliced form of lamin
AIC, that forms insoluble toxic aggregates, resulting in reduced HGPS-associated nuclear blebbing, growth inhibition, epigenetic dysregulation, and genomic instability.
Rapamycin-induced autophagy also suppresses symptoms in mouse models of Alzheimer, Parkinson, and Huntington diseases, where toxic insoluble protein aggregates
accumulate. On the basis ofthese results, modulation of mTORC function is a promising target for the development of therapeutics for neurodegenerative diseases and
HGFS. Rapamycin is the obvious candidate for near-term evaluation in the treatment of these diseases. However, the substantial set of rapamycin-associated adverse
effects, as well as the lack of aging-specific human data, should caution the routine use of rapamycin as an antiaging agent. The use of safer, but perhaps weaker, indirect
mTORCT inhibitors, such as metformin and resveratrol, may prove useful. Further study will ascertain whether such compounds extend human health or life span.



Pyridoindole antioxidants inhibits AGES/ALEs
production in vitro and in vivo

Glucose + Protein —— Schiff Base ——» Amadori Product

Protein
carbonylation

Stobadine

Stobadine inhibits formation of AGEs and ALEs v
by interfering with processes of advanced AGEs
glycosylation and lypoxidation.

Rackova et

al., 2006 | Stobadine
Lipids + ROS ——— Lipid hydroperoxides

Cumaoglu
et al., 2007,
2010

Stefek et substituted
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In vivo treatment with stobadine prevents lipid peroxidation, protein glycation and

calcium overload but does not ameliorate Ca?*-ATPase activity in heart and liver
of streptozotocin-diabetic rats: comparison with vitamin E

The ADIC {Antioxidants in Diabetes-Induced Complications) Study Group, Bilgehan Pekiner?®, Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease
Das-Evcimen?, Meral Sahilli®, Fugen Aktan®, Milan Stefekd, Svorad Stolc® and Cimen Karasu \Volume 1588, lzzue 1, 9 October 2002, Pages 71-78

Methods Find Exp Clin Pharmacol 2002, 24(9): 563
I55N 0379-0355

Copyright 2002 Prous Science

CCC: 0379-0355

The pyridoindole antioxidant stobadine attenuates albuminuria, enzymuria, kidney lipid

peroxidation and matrix collagen cross-linking in streptozotocin-induced diabetic rats
Stefek, M., Gajdosix, A., Tribulova, N., Navarova, 1., Volkovova, K., Weismann, P., Gajdosikova, A., Drimal, 1., Mihalova,

Molecnlar Vision 2005; 11:56-65 <http://www.molvis.org/molvis/v11l/a6= ©2005 Molecular Vision
Recewed 18 August 2004 | Accepted 18 January 2005 | Published 19 January 2005

Effect of the pyridoindole antioxidant stobadine on development of
experimental diabetic cataract and on lens protein oxidation in rats:
comparison with vitamin E and BH'T

Zuzana Kyselova,! Andrej Gajdosik,! Alena Gajdosikova,! Olga Ulicna,” Danica Mihalova,! Cimen Karasu,’
Milan Stefek!

!Institute of Experimental Pharmacology, Slovak Academy of Sciences, Bratisiava, Slovalkia, *Pharmacobiochemistiy Laboratory,
3" Department of Internal Medicine, Faculty of Medicine, Comenius University, Bratislava, Slovakia; *Depavtment of Pharmacol-
ogy, Faculty of Medicine, Gazi University, Ankara, Turkey
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Consumption of pomegranate polyphenols (PP) has
already been demonstrated to suppress thyrozine

oxidation to inhibit oxysterols production.

Punicic acid is an w-5 long chain polyunsaturated fatty acid found
in Punica granatum (pomegranate) seed oil, inhibits protein

Grossm oxidation and carbonyl formation and ameliorate PKC signaling.

PP inhibits carbonyl production in diabetic animals,

Kzft'a;“ and ameliorate insulin signaling in INS1-E cells

2010
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Diabetes-induced metabolic stresses lead to
an upswing in production of a particular

kind of fat molecule, known as ceram'i de

resistance.

In some animal models, ceramide
inhibition led to an almost complete
restoration of insulin sensitivity.
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Ceramide induces mitochondrial abnormalities in
insulin-secreting INS-1 cells: Potential mechanisms
underlying ceramide-mediated metabolic dysfunction
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baseline physiological levels of ROS
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Anti-Aging Laboratory
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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



WEIGHT CONTROL BASIC /= c i =1

Weight Control Genetic profile: 11 genes and 13 polymorphisms of DNA .

CODE: WEIGHTG
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e S PE CIAL DOUBLE ISSUE

Women were told for decad:
their hearts dn(l preserve their vouth Now th

THE END OF THE AGE OF

e-replacement therapy would protect
evidence is in, and an era is over.

BY GEOFFREY COWLEY AND KAREN SPRINGEN

ENOPAUSE MAY BE A NAT that l}\c jury was finally in—and that l’runpn) G “gmr antly

event, but the medical
ment has never viewed it as ¢
auspicious one. “The years of the
climacteric are the most trouble-
some in married life,” the Czecho-
slovakian physician Arnold Lorand declared in |
sic “Old Age Deferred”™—“not only
for the wife, who is directly affected by it, but also
in almost equal degree for the husband,
who must show the greatest forbear-
ance.” Luckily there was good news for
the menopausal woman, “if only she

be a clever member of he
could * pm off
st “mitigate its

1940s,
trogen f

'm than good when taken for long periods. Women
>s that es trogen taken with progestin would

and insomnia but help r

cuity and, mo h

e
mental

no question tha

menopause, and the cl

scrutiny. But after following more xh.m 16,000 women for rquJ e

strength,
There’s

that the hormones in
, blood clots and
pert at
a change

chers found conclusive

" heart attack, s

son, a women’s health

he most dramat

clinical medicine.”
The findings don’t rule out Prempre

remedy for menop:
ply towomen who

ashort-term

But for millions of women jug-
gling the pros and cons of long-term HRT, the new
findin, offer something virtually unpnudumd—
clarity. Until re tly, th
that long-term HRT was a boon to women’s
When followed large groups of v
through their later years, the hormone users always
seemed to fare best. Those on long-term treatment suf-

e more than their share of breast cancer, but they



BOSNIA: INTO BATTLE
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The dilemma of
hormone
replacement
therapy is not a
dilemma of the
hormones, not a
dilemma of
oestrogen, itis 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,
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Enhancing care for older adults through
research and training partnerships
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RESEARCH
INSTITUTE
or AGING

National Ageing Research Institute

Institute for Biomedical Aging Research

Reszearch PhD Program Scientific Advisory Board Links Webmail Login




m INDIANA UNIVERSITY

SCHOOL OF MEDICINE | DEPARTMENT OF MEDICINE

GENTER FOR AGING RESEARCH

HOME
IU-CAR OVERVIEW Indiana University Center for Aging Research
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SALK INSTITUTE

FOR BIOLOGICAL STUDIES

Glenn Center for Aging Research

About Salk Faculty & | I"l
|.l- ALZHEIMER’S AND AGING RESEARCH CENTER

Donate

Our Mission Our Scientists Research Activities

Caring will always be

a part of the cure.

The Alzheimers and Aging Research Center supports

biomedical research directed towards further increasing

our understanding of the aging process, allowing S ) ‘
\ 1B

seniors to live ever fuller and more enjoyable lives.



PURE PASSION ANTI AGING INSTITUTE 1240 Westlake Boulevard
Suite 133

The optimum wellness center for Westlake Village, CA 91361
a balanced mind, body & spirit B05.406 8446

e P

Pure Passion - Anti Aging Institute is a unigue
healthcare practice which combines the

best of conventional Western medicine and
complementary Eastern therapies to cultivate
"Optimum Wellness" for a balanced mind,
body & spirit.

[4 D]

Our approach to healthcare is holistic and integrative.

We emphasize health maintenance and disease
prevention and use a personalized approach
tailored to your physical and emotional needs
in a serene and friendly setting.

Please stop by to meet us and tour our office.
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Jacksonville
7~Anti-Aging Institute Schedule Your Consultation | (904) 701-0271

MEDICAL TREATMENTS PATIENT FORMS CONTACT

Stem Cell Therapy

Learn about the power of your

own Stem Cells

Hormone Therapy

Individualized Hormone Replacement Therapy

Hormone Therapy

Read about Bio-identical

Bioidentical Hormone Replacement
therapy customized to your needs.

Hormone Replacement.

C \ “ Pain Management
X LN | Customized pain management
\; and treatment programs.

LEARN MORE ©

| ) Aesthetic Services

- Non-surgical aesthetic
\% ) treatments!
T 4

Binidentical Hormone Replacement
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'MD LONGEVITY

{ AGE MANAGEMENT MEDICINE

HOME | OUR PRACTICE | OUR PROGRAMME | PRIVATE PHYSICIAN CONSULTING | ANN. J. PETERS MD | BIOMEDICAL PROFILES | RESOURCES

CONTACT to MD Longevity, a premier anti aging medical practice
specializing in individualized age management regimens for men and
women.

Clients are closely monitored
by Dr. Ann ] Peters, former

US Air Force flight surgeon
. 1 S L . Claw Aawm and Al | azxrn hrw cetm e mm— . e e .-



Melbourne
Anti-ageing Clinic
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Practioner Only Supplements:
We excluzively uze ‘practitioner only” supplements.

These are of superior quality to products you buy over the counter
at health food stores or supermarkets and they provide correct
levels of therapeutic nutrients.

Your practitioner can see what your body requires with live blood
cell analysis and our other testing and will select the appropriate

product to support and rmaintain your new found feeling of good
health and witality.

All purchases quality for the wellness rewards program.

Fewards Program:

Feward yourselt with our wellness rewards program

As part of our ongoing cormrmitrnent to your health MAARC carries an

extensive range of practitioner-only vitamin and rineral
supplernents and offers its valued clients o wellness rewards
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Verderol 5 El Albir 03581 Alicante Spain Arrival date No.of nights
T.+34 960 811 199 ==

info@shawellnessclinic.com Rooms Adults per room

GERMANY SALES OFFICE | +49 (0) 89 2020 49 917
I'—'I A ECK AVAILABILITY »
LANGUAGES [SiE
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WELLNESS CLINIC

THE RESORT { CLINIC AREAS SH 3 R( MES NEWS & OTIONS VE! \CTIVITIES

200€ voucher for treatments
by double use

and 50% discount on suite for
single use

Find out more

MODERN MACROBIOTICS COURSE

Learn more about your own
organism, healthcare and
nutrition with the mest
-y - relevant specialists of the
Clinic Areas o - world! From the 3th until the
: Sth of Juni. Limited places!

Find out more

SPECIAL SHA BRIDES

Facial mesotherapy with DNA
protection

[ Clinic Areas 1, Sha Wellness Clinicb

» Clinic Areas

The World Health Organisation understands health as “a whole state of physical,
emotional and social wellness, and not justthe lack of concerns or illnesses’

SHA's aim is to achieve that feeling of permanent well-being, vitality and eneragy
We make guests feel more energetic with a healthy youthful aspect, being renovated

from the inside to the outside, producing a change in the body, improving quality of Queratine repairing hair
life, alleviating the ageing process and foreseeing ilinesses. treatment

Manicure, pedicure, body
Because of this, SHA unifies millenarian eastern techniques with the latest medical treatrpenﬁ
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