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ABSTRACT
ttempts to define ageing, explain theories and classify them have always been an important

Aissue for biogerontologists. Oxidative stress, telomeres, genetics, hormonal changes, immunity and damage accumulation over threshold values are all common theories that have been
studied and modified over a long period of time. Verifications of these theories may lead to
enlightenment about molecular mechanisms, and these can give rise to new research to reverse
or slow age related pathological changes and increase average life span. Nowadays, an increased
ratio of “successful ageing” or “healthier ageing” is a big aim for the whole society. Achieving
this purpose also depends on research which studies molecular mechanisms and routine laboratory markers of ageing.
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DERLEME

YAﬁLANMA TEOR‹LER‹NE GÜNCEL B‹R BAKIﬁ
VE MEKAN‹ZMALARINA GÖRE
SINIFLANDIRMA
ÖZ
iyogerontologlar için yaﬂlanmay› tan›mlamak, teoriler ortaya atmak ve bunlar› s›n›fland›rmak

Bher zaman önemli bir sorun olmuﬂtur. Oksidatif stres, telomerler, genetik, hormonal de¤iﬂik-

likler, ba¤›ﬂ›kl›k sistemi ve eﬂik üstü zarar birikim teorileri, üzerinde uzun süre birçok çal›ﬂmalar ve
modifikasyonlar yap›lm›ﬂ teoriler olmuﬂlard›r. Yaﬂlanma teorilerinin geçerlili¤inin kan›tlanmas› bu
süreçte etkili olan moleküler mekanizmalar›n ayd›nlanmas›na, sonras›nda da beklenen ömrü uzatmaya ve yaﬂlanmayla ilgili patolojileri geri döndürmeye ya da yavaﬂlatmaya yönelik yeni araﬂt›rmalara neden olacakt›r. Son zamanlarda yüksek “baﬂar›l›” ya da “daha sa¤l›kl› yaﬂlanma” oranlar›,
tüm toplum için büyük bir hedef haline gelmiﬂtir. Bu amaca ulaﬂmak, yaﬂlanman›n moleküler mekanizmalar› ve laboratuar belirteçleri üzerine yap›lacak çal›ﬂmalara ba¤l›d›r.
Anahtar Sözcükler: Yaﬂlanma; Serbest Radikaller; ‹nflamasyon; Uzun Ömürlülük;
Telomerler.
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INTRODUCTION
geing is a complex biological phenomenon that is hard to
define completely. It is not surprising to observe that a
search for publications on “ageing” in the United States
National
Library of Medicine National Institutes of Health, as
updated on February 2013, yielded over 267,000 items.
For centuries, ageing has often been referred to as a mysterious or an unsolved biomedical problem. Indeed, the
famous zoologist Peter Medawar, who was to become a Nobel
prizewinner in 1960, delivered an important lecture titled
“An Unsolved Problem in Biology” in 1951. The unsolved
problem was ageing, and when it was published the following
year it had a strong influence on the scientific study of ageing
(1). This inevitable physiologic process can be simplified as
the sum of any progressive, deleterious, endogenous and/or
exogenous oriented changes taking place in living cells over
time. Many scientific observations, insights, and new or combined theories that explain ageing have concluded that ageing
is no longer an unsolved problem in medical sciences.
Today almost every society, including the less developed
countries, contains senior citizens. The modern world population in developed countries is constantly getting older and
older. Unfortunately most of these elderly people use polypharmacy, and are limited by chronic conditions from performing daily major routine activities (2). Life expectancy is
defined as the average total number of years that a human
expects to live. In contradiction to life expectancy, life span is
the maximum number of years that a human being can live.
While the human life span has remained substantially
unchanged for the past 100,000 years at ~125 years, life
expectancy has substantially increased (from ~27 years during
the last century), especially in Western Countries (3,4).
Nevertheless, in many developing countries only a small
group of people can reach their expected life span due to preventable infectious diseases, poor nutritional status and/or a
distorted health system.
The ageing of the organism is characterized by minute,
gradual and progressive functional declines of all vital organ
systems (5). As organisms age, a large number of behavioral,
reproductive, morphological, and biochemical changes occur
together with increased incidence of cardiovascular diseases,
Alzheimer’s disease, Parkinson’s disease, cognitive impairment, cataracts, presbyacusia, type 2 diabetes mellitus, osteoporosis, osteoarthritis, sarcopenia, and many types of cancer
(6,7). For this reason a thorough vitality-status and risk analy-
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sis for each type of these frequent diseases of humans are recommended.
How and why do we get old? What are the fundamental
causes of ageing and how can we carry ageing into a longer
future? What are the changes at both cellular and molecular
levels? Convincing answers to these bewildering inquiries
first of all need theories that should explain irreversible
advancing characteristics of ageing that are harmful for both
physical and mental health (8). Many existing theories are
interrelated, just like a network where the elements work
independently or depend on each other from time to time.
Throughout medical history, more than 300 theories have
been proposed to explain the ageing process and a very large
collection of information about these theories is present today
(9). Many propose novel theories of ageing, as if their theory
will by itself explain everything about ageing. In fact, of the
various theories of ageing that have been proposed over the
years, several undoubtedly have a degree of truth. The focus of
this review is the refinement of existing theories. We propose
following classification system for existing ageing theories
that can mainly be classified as developmental, immune,
neuro-endocrine and damage accumulative (Table 1).

DAMAGE MECHANISMS
n the fifties, Denham Harman proposed the concept of free
radicals having a pivotal role in the ageing process, which
results from deleterious damage to tissues by free radicals at
the molecular level, modifiable by genetic and environmental
factors (10). Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are highly reactive molecules or molecular
fragments containing one or more unpaired electrons in the
outermost atomic or molecular orbitals. They are usually
unstable and highly reactive toward losing or picking up an
extra electron, so that all electrons in the atom or molecule
will be paired (11). The free radical often pulls an electron off
a neighboring molecule, causing the affected molecule to
become a free radical itself. The new free radical can then pull
an electron off the next molecule, and a chemical chain reaction of radical production occurs (12). They react with several biomolecules like proteins, lipids, and nucleic acids, which
are constituents of membranes or DNA and RNA, and wreak
havoc in the living system.
The damage promoted by ROS and RNS is termed oxidative and nitrosative stress, respectively, seen in a broad spectrum of organisms from invertebrates to humans. Efficient
regulation of ROS/RNS production and neutralization is
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Table 1— Types of Main Mechanisms and Common Ageing Theories
I. Damage
Mechanisms
Main Ageing
Theories

Genetic Longevity
Determination
Telomere Shortening
Oxidative Stress
Mitochondrial Lysosomal Axis
Immune Theory
Somatic Mutation
Antagonistic Pleitrophy
Reproductive Cell Cycle
Error Catastrophe

+++
+++
++
++
+
+++

essential for avoiding their detrimental effects, and different
molecular mechanisms co-operate to preserve this equilibrium, termed ‘redox homeostasis’ (13). Progressive ageing is
associated with higher levels of oxidized biomolecules that
have reacted with free radicals (14,15). This theory has been
very popular and also has been continuously studied and modified over time. The discovery of superoxide dismutase, which
detoxifies the superoxide anion (16), and detection of hydrogen peroxide (H2O2) further gave credibility to the free-radical theory of ageing. Harman refined his theory to highlight
the role of mitochondria in ageing, since mitochondria are
considered to be the main source of ROS (17-19). It has been
proposed that 0.2–2% of the total oxygen consumption is
converted into free radicals in mitochondria. During energy
transduction, a small number of electrons ‘leak’ out from oxygen prematurely, thereby forming ROS, which is mainly the
oxygen free radical superoxide (13,20). The Free Radical
Theory of Ageing has been modified to the Oxidative Stress
Theory of Aging because of oxygen species such as peroxides
and aldehydes, which are not technically defined as free radicals (15).
Several lines of scientific evidence support the oxidative
stress theory of ageing. The levels of oxidative damage to
lipid, DNA, and protein have been reported to increase with
age in a wide variety of tissues and animal models (21,22).
Findings in accordance with the oxidative stress hypothesis of
ageing can be an increase in protein carbonyl groups,
advanced oxidation protein products (AOPP) and malondialdehydes (MDA) as lipid peroxidation products (23-28).
Protein carbonyl content is actually the most general indicator and by far the most commonly used marker of protein oxidation in ageing (29). Protein carbonyls are accepted as chem-
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II. Immune
Mechanisms

++
+++
+++
+

III. Developmental
Mechanisms

IV. Neuro-Endocrine
Mechanisms

+++

+

+++
+++
+
+
+
++

+
+
+++
+++

+

ically stable markers of oxidative protein damage in biological samples. AOPP are novel oxidative stress biomarkers, first
detected in the plasma of chronic uremic patients in the middle nineties (30). ROS degrade polyunsaturated lipids, forming reactive aldehydes such as MDA. Besides the aforementioned parameters, antioxidant enzymes Superoxide
Dismutase (SOD) and Glutathione Peroxidase (GPX), which
are significant antioxidant defenses in many types of mammalian cells exposed to oxygen, have been found to be lower
among aged subjects (31). SOD catalyzes the dismutation of
O2_ into O2 and H2O2, which can subsequently be converted
to water by catalase. It is reported that ablation of mitochondrial SOD in an otherwise normal animal causes increased
endogenous oxidative stress, brought to an end as loss of
essential enzymatic components of the mitochondrial respiratory chain and the tricarboxylic acid cycle; enhances sensitivity to applied oxidative stress; and causes early-onset mortality in young adults (32). GPX is viewed as one of the most
significant cellular scavengers of hydrogen peroxide and alkyl
hydroperoxides in the eukaryotic cell (33). Mice null for
GPX1 develop a high incidence of cataract at a young age,
suggesting accelerated ageing (34).
Studies with animal models showing increased longevity
are consistent with the Oxidative Stress Theory of Aging; the
longer-lived animals show reduced oxidative damage and/or
increased resistance to oxidative stress. Early studies on caloric
restriction, which is the first and most studied experimental
manipulation shown to increase life span and retard ageing,
showed that oxidative damage to lipid, DNA, and protein
was reduced in caloric restricted rodents compared to rodents
fed ad libitum. Subsequently, caloric restricted mice were also
shown to be more resistant to oxidative stress (21,35-37).
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IMMUNE MECHANISMS
laudio Franceschi proposed the immune theory of ageing
in 1989, suggesting that the ageing process is indirectly
controlled by a network of cellular and molecular defense
mechanisms (38,39). Franceschi identified mononuclear
phagocytes as the chief modulator of innate immunity,
inflammation and stress factors. Both endogenous and exogenous stress activators can lead to a chronic inflammation state.
These potentially harmful pro-inflammatory signals at a later
stage of life may lead to a possible advancing step in ageing
through progressive depletion of the immune system and
other systems. On the other hand, they may act antagonistically, having developmental roles in the early stages of life
(40). They eventually called this process “inflamm-ageing”,
which is characterized by the complex set of conditions that
can be described as low-grade, controlled, asymptomatic,
chronic and systemic (39,41). Guinta proposed that inflammaging may constitute the subclinical paradigm of autoimmunity syndromes (41). The human body essentially begins to
produce auto-antibodies targeting its own tissues, and the
production of time-acquired deficits primarily in T cell function predisposes the elderly to the development of infections
and autoimmune diseases such as rheumatoid arthritis and
systemic lupus erythematosus (42,43). Functional capacity of
the immune cells has been proposed as a marker of health.
Studies with mice having premature senescence, long-lived
mice and human centenarians have ascertained that several
immune functions are good markers of biological age and predictors of longevity (44).
Interestingly, reactive oxygen and nitrogen species are
heavily implicated in the inflammatory processes (4,45). It
can be concluded that the oxidative stress theory of ageing
overlaps others, suggesting direct and indirect interactions
across different mechanisms.

C

DEVELOPMENTAL MECHANISMS
t is very well known that genes influence both ageing and
age-related diseases. Premature ageing syndromes can
establish very prominent evidence that genes have major
effects during senescence. Hutchinson Gilford Syndrome
(HGS), segmental precocious ageing syndrome, is a very rare
inherited disease represented as growth retardation and early
cardiovascular events resulting in death during the second
decade of life (46). HGS, progeria of the child, is caused by
mutations in the gene LMNA (1q21.2), encoding a nuclear
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envelope protein, lamin A (47). On the other hand, Werner’s
syndrome (WS), progeria of the adult, is caused by a mutation
in a gene coding for WRN, which is a member of the RecQ
helicase family. WS is characterized by features resembling
precocious ageing, appearing as a variety of visible features
associated with ageing, such as graying of the hair and skeletal changes, which occur much earlier than expected (48-50).
However, progeroid syndromes do not fully represent accelerated ageing. The most striking age related diseases have not
been observed in HGS patients (51). But for WS patients, diabetes, cataract and cancers of mesodermal origin are common,
although death usually results from an event of vascular origin at a median age of 47 (52).
Besides information from the aforementioned ‘caricature
of ageing’ diseases, many researchers have always looked for
genes that affect life span. The discovery that the single gene
mutations age-1 and daf-2 could extend life span one to two
fold in the nematode C.elegans revealed that longevity is under
genetic control (53,54). Extended life span was shown to
depend on another locus as well, daf-16, defining a non-linear
interaction between genes for this process (55). Molecular
identifications lead to understanding all three of these genes
as components of the insulin/IGF-I signaling pathway
(56,57). Gene age-1 encodes a phosphatidylinositol-3-kinase
(PI3K) that functions in this pathway (58). DAF- 2 protein
resembles mammalian receptors that allow cells to respond to
insulin or insulin like growth factors. As a result of mutations
in age-1 or daf-2, DAF-16 protein enters the nucleus and
causes transcription of genes that promote longevity (46). So
it can be concluded that genetic longevity determinants are
highly correlated to the nutritional status of the organism. As
a matter of fact, these mechanisms can be an establishing connection between neuro-endocrine and genetic regulations,
working together over the ageing process.
All these genetic findings suggest a strong basis for the
genetic longevity program of ageing. What about direction of
senescence? Telomeres are multiple DNA base repeat
sequences located at the ends of eukaryotic chromosomes (43).
It is hypothesized that telomeres function as a mitotic clock
by getting progressively shorter with every cell cycle, leading
to erosion and dysfunction at the cellular level, and are associated with cell cycle delay, triggering of the DNA damage
response, and apoptosis (59). The telomere theory of ageing is
based on the idea of normal somatic cells having a definite life
span and losing telomeric DNA every time they divide, as a
function of ageing (43). The length of telomeres, and in particular the abundance of short telomeres, has been proposed as
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a possible biomarker of ageing and of general health status
(60). Telomerase is the enzyme responsible for maintaining
the stable length of telomeres by the addition of guanine-rich
repetitive sequences, so this enzyme conserves the capacity for
essential replication (61). Senescent human cells lose about
half of their telomeric length and show the accumulation of
oxidized and ubiquitinated proteins together with decreased
proteosome activity (62). This finding makes a significant
bridge between telomere theory and damage accumulation
theory. Ageing researchers Elizabeth Blackburn, Carol
Greider and Jack Szostak, the 2009 Nobel laureates, were
very conscious of the influence their research on telomerase
has on biogerontology (63).

NEURO-ENDOCRINE MECHANISMS
t has been hypothesized that the role of neuro-endocrine

Iaxes in ageing is perceptible by the disruption of physiologic patterns of hormone release. The neuro-endocrine theory
proposes that ageing is due to changes in neural and endocrine
functions that are crucial for: 1) coordination and responsiveness of different systems to external stimuli; 2) programming
physiological responses; and 3) the maintenance of an optimal
functional status for reproduction and survival (4). There are
many examples to support the neuro-endocrine theory.
One of the neuro-endocrine theory proposals is cortisol
surge or elevations related to chronic stress over the years that
may result in normal ageing in the elderly (43). The master
gland, the anterior pituitary, itself undergoes changes while
ageing, such as fibrosis and vascular alterations. These
changes, including hypogonadism in older men and women,
can be seen either as a part of normal ageing or as a dysfunction that needs treatment (64). The Reproductive-Cell Cycle
Theory proposes that the hormones which regulate reproduction act in an antagonistic pleiotrophic manner to control ageing via cell cycle signaling; promoting growth and development early in life in order to achieve reproduction, but later
in life, in a futile attempt to maintain reproduction, becoming dysregulated and driving senescence (65). The natural
age-related decline in plasma GH levels and the concomitant
decrease in IGF-1 that occurs in mammals is likely a protective mechanism to decrease metabolic activity and cellular
division. Elevated levels of either GH or IGF-1 throughout
life contribute to the pathological changes associated with
ageing such as increased collagen cross-linking, osteoarthritis,
immune system dysfunction, insulin resistance, oxidative
damage, sensitivity to stress and cancer (66). In addition to
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this, mice lacking GH or GH receptor outlive their normal
siblings and exhibit symptoms of delayed ageing associated
with improved insulin signaling and increased stress resistance (67).
Whilst the neuro-endocrine theories mentioned above are
the standard theories in this field, information on the klotho
gene has provided a special and new outlook for biogerontologists. There are two parts of the klotho protein: 1.Membrane
klotho functions as a receptor for regulation of phosphate and
vitamin D; 2. Secreted klotho functions as a humoral factor
with pleiotropic activities, including suppression of growth
factor signaling (68-70). A defect in klotho expression in mice
leads to a syndrome resembling ageing, whereas overexpression of klotho in mice extends the life span (71,72). Further
studies on the klotho gene are expected to provide new and
challenging insights into endocrine regulation of various
metabolic and ageing processes (70).

CONCLUSION REMARKS AND FUTURE DIRECTIONS
ven though slowing, stopping or even reversing the

Eprocess of ageing is mentioned every day in scientific communities, an excellent theory unifying all clinical and physiological features of ageing is hard to see on the horizon of the
near future. In spite of all the efforts by scientists, it is still
quite arduous to differentiate so called “physiologic or successful ageing” from asymptomatic diseases, individually. The
ageing process of humans runs differently for each individual,
is complex, and even shows diversity in various body compartments within each individual, leading to differences
between chronological and biological age. A clear cut distinction between chronological ageing and biological ageing
would contribute a lot to clinicians’ perspectives on the treatment and evaluation of individual patients. Oxidative stress
parameters on main macromolecules, length of telomeres,
endocrine status of patients, subclinical inflammation indicators and investigation of gene expression are all candidates to
be biomarkers of ageing.
The determination of biological age- and vitality-parameters is an important and essential tool for any physician in preventive or anti-ageing medicine. On the basis of exactly
defined vitality values, any medical preventive method can be
exactly monitored, instead of relying only on superficial control of symptoms. For the patient, a precise test value is a better motivator for long term adherence and compliance. For
this reason, biological markers of ageing and vitality are necessary modern instruments for preventive medicine to
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increase health and vitality and to reduce age related diseases
and disability. But it is still an open and controversial question whether to use biological markers in routine practice
after sufficient evidence based medicine research. To understand the precise and stochastic mechanism of ageing and age
related diseases, there is a rising need for accurate, well
planned and time-consuming in vivo research studies.

8.

9.
10.

11.

ABBREVIATIONS
dvanced

Oxidation

Protein

Products

(AOPP),

AGlutathione Peroxidase (GPX), Hutchinson Gilford
Syndrome
(HGS),
Hydrogen
Peroxide
(H2O2),
Phosphatidylinositol-3-kinase (PI3K), Reactive Oxygen
Species (ROS), Reactive Nitrogen Species (RNS), Superoxide
Dismutase (SOD), Werner Syndrome (WS)

ACKNOWLEDGMENTS

12.

13.
14.

15.

e appreciate Dr.Özgür Yaﬂar for his linguistic contribu-

Wtions on the current manuscript. We also apologize to

colleagues whose work we could not cover completely in the
pages of this review.

16.

CONFLICT OF INTEREST
No potential conflict of interest relevant to this article was
reported.

REFERENCES
1.
2.

3.
4.

5.

6.

7.

344

Holliday R. Preface. In: Aging: The Paradox of Life: Why We
Age. Springer, Netherlands 2007, pp 7-9.
Meydani M. Nutrition interventions in aging and age-associated disease. Proc Nutr Soc 2002;61(2):165-71.
(PMID:12133197).
Hayflick L. The future of ageing. Nature 2000;408(6809):2679. (PMID:11089985).
Tosato M, Zamboni V, Ferrini A, Cesari M. The aging process
and potential interventions to extend life expectancy. Clin
Interv Aging 2007;2(3):401-12. (PMID:18044191).
Yanar K, Ayd›n S, Cakatay U, et al. Protein and DNA oxidation in different anatomic regions of rat brain in a mimetic ageing model. Basic Clin Pharmacol Toxicol. 2011;109(6):423-33.
(PMID:21733122).
Collins JJ, Huang C, Hughes S, Kornfeld K. The measurement
and analysis of age-related changes in Caenorhabditis elegans.
Worm Book 2008 Jan 24:1-21. (PMID:18381800).
Martin GM. The biology of aging: 1985-2010 and beyond.
FASEB J 2011;25(11):3756-62. (PMID:22046003).

17.

18.

19.

20.

21.
22.

23.

24.

Sanz A, Pamplona R, Barja G. Is the mitochondrial free radical
theory of aging intact? Antioxid Redox Signal 2006 MarApr;8(3-4):582-99. (PMID:16677102).
Medvedev ZA. An attempt at a rational classification of theories
of aging. Biol Rev 1990;65(3):375-98. (PMID:2205304).
D. Harman. Aging: a theory based on free radical and radiation
chemistry. Journal of Gerontology 1956;11(3):298-300.
(PMID:13332224).
Orchin M, Macomber RS, Pinhas A, Wilson RM (Eds). The
Vocabulary and Concepts of Organic Chemistry. 2nd edition,
John Wiley & Sons, USA 2005, pp 505-35.
Cui H, Kong Y, Zhang H. Oxidative stress, mitochondrial dysfunction, and aging. Journal of Signal Transduction
2011:646354. (PMID:21977319).
Balaban RS, Nemoto S, Finkel T. Mitochondria, oxidants, and
aging. Cell 2005;120(4):483-95. (PMID:15734681).
Oliveira BF, Nogueira-Machado JA, Chaves MM. The role of
oxidative stress in the aging process. Scientific World Journal
2010;15(10):1121-8. (PMID:20563535).
Perez VI, Buffenstein R, Masamsetti V, et al. Protein stability
and resistance to oxidative stress are determinants of longevity
in the longest-living rodent, the naked mole-rat. Proc Natl
Acad
Sci
USA
2009
Mar
3;106(9):3059-64.
(PMID:19223593).
McCord JM, Fridovich I. Superoxide dismutase. An enzymic
function for erythrocuprein (hemocuprein). Journal of
Biological
Chemistry
1969;244(22):6049-55.
(PMID:5389100).
Chance B, Sies H, Boveris A. Hydroperoxide metabolism in
mammalian organs. Physiological Reviews 1979;59(3):527605. (PMID:37532).
Harman D. The biologic clock: the mitochondria? Journal of
the American Geriatrics Society 1972;20(4):145-7.
(PMID:5016631).
Back P, Braeckman BP, Matthijssens F. ROS in aging
caenorhabditis elegans: Damage or Signaling? Oxid Med Cel
Long 2012;608478 (PMID:22966416).
Cakatay U, Ayd›n S, Yanar K, Uzun H. Gender-dependent
variations in systemic biomarkers of oxidative protein, DNA,
and lipid damage in aged rats. The Aging Male
2010;13(1):51–8. (PMID:19883294).
Sohal RS, Weindruch R. Oxidative stress, caloric restriction,
and aging. Science 1996;273(5271):59-63. (PMID:8658196).
Kayali R, Aydin S, Cakatay U. Effect of gender on main clinical chemistry parameters in aged rats. Curr Aging Sci
2009;2(1):67-71. (PMID:20021400).
Adachi H, Fujiwara Y, Ishii N. Effects of oxygen on protein carbonyl and aging in Caenorhabditis elegansmutants with long
(age-1) and short (mev-1) life spans. Journals of Gerontology A
1998;53(4):240-44. (PMID:18314552).
Yasuda K, Adachi H, Fujiwara Y, Ishii N. Protein carbonyl
accumulation in aging dauer formation-defective (daf) mutants

TURKISH JOURNAL OF GERIATRICS 2013; 16(3)

YAﬁLANMA TEOR‹LER‹NE GÜNCEL B‹R BAKIﬁ VE MEKAN‹ZMALARINA GÖRE SINIFLANDIRMA

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

of Caenorhabditis elegans. J Gerontol A Biol Sci Med Sci
1999;54(2):47-51. (PMID:10051850).
Ayd›n S, Yanar K, Atukeren P, et al. Comparison of oxidative
stress biomarkers in renal tissues of D-galactose induced, naturally aged and young rats. Biogerontology 2012;13(3):251-60.
(PMID:22179795).
Komosinska-Vassev K, Olczyk P, Winsz-Szczotka K, KuznikTrocha K, Klimek K, Olczyk K. Age-and gender-related alteration in plasma advanced oxidation protein products (AOPP)
and glycosaminoglycan (GAG) concentrations in physiological ageing. Lab Med 2012;50(3):557-63. (PMID:22505552).
Batista TM, Tomiyoshi LM, Dias AC, et al. Age-dependent
changes in rat lacrimal gland anti-oxidant and vesicular related
protein expression profiles. Mol Vis 2012;18:194-202.
(PMID:22312187).
Qing Z, Ling-Ling E, Dong-Sheng W, Hong-Chen L.
Relationship of advanced oxidative protein products in human
saliva and plasma: age- and gender-related changes and stability during storage. Free Radic Res 2012;46(10):1201-6.
(PMID:22671992).
Çakatay U. Protein redox-regulation mechanisms in aging. In:
Bondy SC, Maise K (Eds). Aging and age-related disorders.
Springer, New York, USA 2010, pp 1-24.
Witko-Sarsat V, Friedlander M, Capeillère-Blandin C, et al.
Advanced oxidation protein products as a novel marker of
oxidative stress in uremia. Kidney Int 1996;49(5):1304-13.
(PMID:8731095).
Corbi G, Conti V, Russomanno G, et al. Is physical activity able
to modify oxidative damage in cardiovascular aging? Oxid Med
Cell Longev 2012:728547. (PMID:23029599). [Internet]
Available from: http://www.hindawi.com/journals/oximed/
2012/728547. Accessed:13.2.2013.
Kirby K, Hu J, Hilliker AJ, Phillips JP. RNA interferencemediated silencing of Sod2 in Drosophilaleads to early adultonset mortality and elevated endogenous oxidative stress. Proc
Natl Acad Sci USA 2002;99(25):16162-7. (PMID:12456885).
Halliwell B, Gutteridge JM. Lipid peroxidation in brain
homogenates: the role of iron and hydroxyl radicals. J
Neurochem 1997;69(3):1330-1. (PMID:9282962).
Wolf N, Penn P, Pendergrass W, et al. Age-related cataract
progression in five mouse models for anti-oxidant protection or
hormonal influence. Exp Eye Res 2005;81(3):276–85.
(PMID:16129095).
Bokov A, Chaudhuri A, Richardson A. The role of oxidative
damage and stress in aging. Mech Ageing Dev 2004;125(1011):811–26. (PMID:15541775).
Yu BP. Aging and oxidative stress: modulation by dietary
restriction. Free Radic Biol Med 1996;21(5):651–68.
(PMID:8891668).
Barja G. Endogenous oxidative stress: relationship to aging,
longevity and caloric restriction. Ageing Res Rev
2002;1(3):397–411. (PMID:12067594).

TÜRK GER‹ATR‹ DERG‹S‹ 2013; 16(3)

38. Franceschi C. Cell proliferation and cell death in the aging
process. Aging Clin Exp Res 1989;1(1): 3-15.
(PMID:2488297).
39. Franceschi C, Bonafè M, Valensin S, et al. Inflamm-aging. An
evolutionary perspective on immunosenescence. Ann N Acad
Sci 2000;908:244-54. (PMID:10911963).
40. Goto M. Inflammaging (inflammation+aging): A driving force
for human aging based on an evolutionarily antagonistic
pleiotropy theory? Biosci Trends 2008;2(6):218-30.
(PMID:20103932).
41. Giunta S. Is inflammaging an auto(innate)immunity subclinical
syndrome?
Immun
Ageing
2006;16:3-12.
(PMID:17173699).
42. S. Kent. Can normal aging be explained by the immunologic
theory? Geriatrics 1997;32(5):111-6. (PMID:140096).
43. Cefalu CA. Theories and mechanisms of aging. 27(4): 491-506.
(PMID:22062437).
44. De la Fuente M. Role of neuroimmunomodulation in aging.
Neuroimmunomodulation 2008;15(4-6):213-23. (PMID:19047799).
45. Cesari M, Kritchevsky SB, Leeuwenburgh C, Pahor
M.Oxidative damage and platelet activation as new predictors
of mobility disability and mortality in elders. Antioxid Redox
Signal 2006;8(3-4):609-19. (PMID:16677104).
46. Gutterigde B. Ageing nutrition disease and therapy: A role for
anti-oxidants. In: Free Radicals in Biology and Medicine. 4th
edition, Oxford University Press, New York USA 2007, pp
614-78.
47. Eriksson M, Brown WT, Gordon LB, et al. Recurrent de novo
point mutations in lamin A cause Hutchinson-Gilford progeria
syndrome. Nature 2003;423(6937):293-98. (PMID:12714972).
48. Yu CE, Oshima J, Fu YH, Wijsman EM, et al. Positional
cloning of the Werner’s syndrome gene. Science 1996:
272(5259);258–62. (PMID:8602509).
49. Goto M. Hierarchical deterioration of body systems in Werner’s
syndrome: Implications for normal ageing. Mech Ageing Dev
1997; 98(3): 239–54. (PMID:9352493).
50. Ding SL, Shen CY. Model of human aging: recent findings
on Werner’s and Hutchinson-Gilford progeria syndromes.
Aging 2008;3(3):431-44. (PMID:18982914).
51. Kieran MW, Gordon L, Kleinman M. New approaches to progeria. Pediatrics 2007;120(4):834. (PMID:17908771).
52. Christopher AE, Alan JS. The premature ageing syndromes:
insights into the ageing process. Age and Ageing
1998;27(1):73-80. (PMID:9504370).
53. Friedman DB, Johnson TE. A mutation in the age-1 gene in C.
elegans lengthens life and reduces hermaphrodite fertility.
Genetics 1988;118(1):75-86. (PMID:8608934).
54. Kenyon C, Chang J, Gensch E, Rudner A, Tabtiang R. C. elegans mutant that lives twice as long as wild type. Nature 1993:
366(6454):461–464. (PMID:8247153).
55. Antebi A. Genetics of aging in Caenorhabditis elegans. PLoS
Genet 2007;3(9):129. (PMID:17907808).

345

CURRENT ASPECTS OF AGEING THEORIES AND CLASSIFICATION ACCORDING TO MECHANISMS

56. Kimura KD, Tissenbaum HA, Liu Y, Ruvkun G. daf-2, an
insulin receptor-like gene that regulates longevity and diapause
in
C.
elegans.
Science
1997;277(5328):942–6.
(PMID:9252323).
57. Ogg S, Paradis S, Gottlieb S, et al. The Fork head transcription
factor DAF-16 transduces insulin-like metabolic and longevity
signals in C. elegans. Nature 1997;389(6654):994–9.
(PMID:9353126).
58. Hughes SE, Huang C, Kornfeld K. Identification of mutations
that delay somatic or reproductive aging of Caenorhabditis elegans. Genetics 2011;189(1):341-56. (PMID:21750263).
59. Blackburn EH. Switching and signaling at the telomere. Cell
2001:106(6);661–673 (PMID:11572773).
60. Vera E, Blasco MA. Beyond average: potential for measurement
of short telomeres. Aging (Albany NY) 2012;4(6):379-92.
(PMID:22683684).
61. Zvereva MI, Shcherbakova DM, Dontsova OA. Telomerase:
Structure, functions, and activity regulation. Biochemistry
(Mosc). 2010 Dec;75(13):1563-83. (PMID:15661736).
63. Blackburn E. H.,Greider C. W.Szostak J. W. Telomeres and
telomerase: the path from maize, Tetrahymena and yeast to
human cancer and aging. Nat Med 2006;12(10):1133-8.
(PMID:17024208).
64. Antonopoulou M, Sharma R, Farag A, Banerji MA, Karam JG.
Hypopituitarism in the elderly. Maturitas 2012;72(4);277-85.
(PMID:22727068).

346

65. Atwood CS, Bowen RL. The reproductive-cell cycle theory of
aging: an update. Exp Gerontol 2011;46(2-3):100-7.
(PMID:20851172).
66. Brown-Borg HM. Hormonal control of aging in rodents: the
somatotropic axis. Mol Cell Endocrinol 2009 Feb 5;299(1):6471. (PMID:18674587).
67. Bartke A. Pleiotropic effects of growth hormone signaling in
aging. Trends in Endocrinology & Metabolism
2011;22(11):437-42. (PMID:21852148).
68. Yamamoto M, Clark JD, Pastor JV, et al. Regulation of oxidative stress by the anti-aging hormone klotho. J Biol Chem
2005;280(45):38029-34. (PMID:16186101).
69. Kuro-o
M.
Pflugers
Arch
2010;459(2):333-43.
(PMID:19730882).
70. Kuro-o M. Klotho and the aging process. Korean J Intern Med
2011;26(2):113-22. (PMID:21716585).
71. Kuro-o M, Matsumura Y, Aizawa H, et al. Mutation of the
mouse klotho gene leads to a syndrome resembling ageing.
Nature 1997;390(6655):45-51. (PMID:9363890).
72. Kurosu H, Yamamoto M, Clark JD, et al. Suppression of aging
in mice by the hormone Klotho. Science 2005;309(5742):182933. (PMID:16123266).

TURKISH JOURNAL OF GERIATRICS 2013; 16(3)

