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REVIEW INFO ABSTRACT

Review History Many structural and physiological alterations occur in cerebral aging,
Received:8/7/2023 exposing elderly subjects to impaired cerebral functions and several brain
Accepted:18/8/2023  diseases. The senile narrowing of the brain is an obvious structural manifestation,
Available:22/8/2023  which is easily diagnosed in imaging and may be global or focal (i.e. touching
the whole of particular regions of the brain). The physiological chained reactions

Keywords: of aging require adaptation from the brain cells; otherwise, authentic diseases
Physiological may evolve, such as tumors, stroke, or brain-wasting diseases like Parkinson's
alterations, cerebral and Alzheimer's. On the other hand, some studies demonstrated that the aging
aging, process and its consequent effects on the brain could be slowed or delayed by

some preventive measures, such as regular physical activity, a balanced diet and
life environment, sustained cognitive training and some herbal products. All
these factors would have a positive effect on the preservation of brain integrity
and should be integrated into brain aging management, as well as
pharmacological treatments.
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INTRODUCTION

Aging can be defined as the process
by which organisms proceed through a
physical  deterioration of the body
(Garthwaite, S., et al.,1986). According to the
World Health Organization (WHO), there
will be more individuals aged over 65 years
than kids aged less than 5 in the coming few
years (WHO). With the expanding lifespan,
survival analyses estimate the number of
centenarians at around 3.2 million worldwide
by 2050, more than 18-fold higher than the
turn of the 21st century (Bernadett M. 2013).
For these reasons, it is becoming crucial for
all health actors, including authorities and
researchers, to deploy the needed efforts in
order to draw better approaches regarding
aging and multiple aging-related disabilities.

Indeed, unavoidable physiological
changes occur during aging, implying the
progressive switch of the organisms from a
steady normal state to a steady dysfunctional
state. All living beings are concerned with this
process, including unicellular organisms and
plants. However, till today, research has not
revealed all the features of aging changes yet
and many details of this process remain
unknown.

In a strict physiological term, body
aging is almost parallel to body development,
which means that this process may actually
start at birth and only ends up at death. During
aging, several physiological modifications
occur, such as a lessening in the number of
cells, diminution of the metabolic rate,
increment of the sickness and loss of
flexibility.  These  modifications  are
degenerative processes, whose severity and
speed of onset depend not only on ecological
determinants but also on individual factors,
such as stress, dietetics, smoking and
exposure to daylight (Harman D. 1981).
Theories of Aging:

Many theories have been suggested to
explain the global essence of aging, among
which two seem fundamentally distinct. The
first of these two fundamental theories is the
hereditary programming speculations of
aging, stipulating that both the lifespan and
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maturation rate of living organisms are
hereditarily predetermined. The second one is
the theory of essential damage, stipulating
that aging occurs as a consequence of
cumulative damage over the lifetime,
progressively consuming the biological
reserves of the organism. All the other
theories, which will be exposed below, are
likely to be incorporated into the theory of
essential damage (Harman D. ,1981; Albert
MA. & Funkenstein HH.,1992).

1-Genetic Theory:

Is lifespan hereditarily based? Many
arguments support this claim; mainly the fact
that lifespan is likely species-specific, which
indicates that each species, including humans,
is genetically programmed for a maximal
lifespan. Indeed, despite the increase in the
average lifespan, we did not observe any
increase in the maximal lifespan. These
observations are valid for humans, as well as
for other animal and vegetal species. Thus,
according to this theory, the term of life
would be predetermined, in the same way,
fetal life is predetermined with the birth term.

Partisans of this theory conceptualize
the aging process as the expression of
senescence genes, resulting in a slowdown or
break of chemical and bio-cellular metabolic
pathways. These genetic expressions are
scheduled in timelines that differ across types
of tissues and cells.

Furthermore, lifespan differences
within the same species seem also explained
by some genetic differences. The New
England Centenarian Study, founded in 1994,
in its genetic findings, reported the
association of a locus in chromosome 4 to
familial longevity (Sebastiani P., and Perls
TT., 2012). Another  Genome-Wide
Association Study described another locus
located in TOMMA40 at chromosome
19913.32, to be determining familial
longevity (Deelen J., 2011).
2-Wear-and-Tear Theory:

According to the wear-and-tear
theory, the human body is subject to aging
effects as a result of damage from accidents,
diseases, radiation, toxic substances, food,
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and many other harmful circumstances when
it is used for a long time, much like machines
that are subject to damage and break down
when utilized for a certain period of time.
This notion, however, has been disproved
because even protected animals have aging
changes that have no bearing on how long
they live (Harman D.,1981 and Albert MA. &
Funkenstein HH.1992). This shows that such
damages cannot represent the underlying
causes of aging, only time-dependent
alterations.

3-Telomere Theory:

The lifespan of an organism is
intimately dependent on the lifespan of its
cells.  When human fibroblasts are
continuously sub-cultured, the lifespan of cell
division is estimated to be 50-100 times
approximately. Such observations support the
thesis that the lifespan of the cells is pre-
programmed. Moreover, subsequent research
has identified the responsible shortened
telomeres at the chromosomal ends.

Repetitive DNA sequences, Six-
nucleotide sequences (TTAGGG), are present
at the terminus of all human chromosomes.
They are about 12 kbp in length and lose
telomeres when going through around 100
times of cell division. The length is very
similar to the lifespan of in-vitro-cultured
cells. Telomerase, the enzyme that prevents
telomere shortening, is highly expressed in
immortalized cells and cancer cells.
Therefore, telomere shortening takes place
constantly by the enzyme so that
immortalization or proliferation of cancer
cells would be ongoing (Wong JM., Collins
K., 2003).
4-Endocrine Theory:

The endocrine theory supposes that
impairment of hypothalamus- pituitary gland-
endocrine systems, regulating the body's
homeostasis, are the main responsible cause
of aging, with many broad effects on several
physiological functions. In general, endocrine
hormones are involved in regulating growth,
metabolism, temperature, inflammation, and
stress. This theory is suggested through some
animal studies that showed that the lifespan of
animals with menopause, andropause, and
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somatopause (decreased GH/IGH-1) is
extended when the corresponding hormones
are provided. Since the endocrine system
takes part in the maintenance of life and the
species plays significant roles, there are not
many changes induced by aging when the
hormone system for maintaining the species
is greatly altered by aging (Tatar M., et al.,
2003).

5-DNA Damage Hypothesis:

According to the DNA damage
theory, the absence of or incomplete repair of
the DNA with free radical-derived damage
would reduce gene expression as well as cell
death. It would then interfere with the proper
functioning of the tissues eventually so that
the progression of aging is stimulated. A
study, reporting that albino rats, (shorter
lifespan than humans), urinate 10 to 15 times
more of oxidatively-damaged nucleotides
than humans, and the increase in damaged
DNA in brains by aging also supports the
hypothesis. In addition, it is assumed that the
faculty to repair DNA alterations is directly
associated with the lifespan of species and
that it is impaired in normal cells with the
progression of aging (Bohr VA. and Anson
RM., 1995).
6-Error Catastrophe Theory:

The procedures including replication
of the DNA, transcription of the gene to
produce mRNA, and translation of the
message to produce the protein are required in
protein synthesis. The theory hypothesizes
that if there are any errors in any of those
procedures, incorrect genes, mRNA, and
proteins would be produced so order to
support this theory. Even though the
accumulation of these errors is partially
eliminated by the repair system, such a repair
system would not operate perfectly and
permanently because errors may be
accumulated in the repair system as well
(Weinert BT. and Timiras PS., 2003). the
cells would be impaired; however, more
studies need to be done in this area in
7-The Rate of Living Theory:

The rate of living theory suggests
that energy expenditure is inversely
proportional to the lifespan, and in particular,
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animal studies have shown that the lifespan is
shorter when the energy expenditure is
higher, and vice versa. In the case of
poikilotherms such as nematodes, insects, and
fish, their lifespan is generally increased as
the habitat temperature is elevated while it is
decreased as the temperature is lowered. The
lifespan of a housefly at 20°C is twice that of
a housefly at 28°C. Similar to the housefly,
the lifespan of a minnow at 10°C is 1.4 times
higher than that of a minnow at 20°C. Another
study investigating the relationship between
the lifespan of Drosophila and temperature
showed that approximately 25 days, 50 days,
100 days, and 150 days of lifespan was
exhibited at 30°C, 27°C, 21°C, and 18°C,
respectively, which is in agreement with this
theory. This may be because the metabolic
rate would slow down as the temperature is
decreased. However, the theory is not
applicable to homeotherms as they are mostly
independent of the temperature (Park DC., et
al., 2013).

8-The Mitochondrial Theory:

The mitochondrial theory
hypothesizes that mitochondria are relevant to
aging as mitochondrial DNA where free
radicals are produced maximally is not
properly  protected due to external
antioxidants, and mitochondria are very
susceptible to damage from external toxic
molecules and radioactive  materials.
Especially, since repair enzymes for the
damaged DNA do not exist in mitochondria,
that damage has significant implications. The
damaged mitochondrial DNA leads to a
decrease in energy production, an increase in
free radical production, and the accumulation
of harmful molecules. Several aging
phenotypes are exhibited when mitochondrial
DNA is studied in animal studies done with
mice. When mitochondrial DNA polymerase
deletion exists, it is known that the aging
process is expedited thereby shortening the
lifespan. Aging induces alterations in
mitochondrial morphology as well as
functional impairments. It further reduces
ATP generation and therefore elevates
oxidative stress (Trifunovic A., 2004 and
Balaban RS., 2005).
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9-Free Radical Theory:

Several free radicals—superoxide
(02-) and hydroxyl (OH-) anions, nitric oxide
(NO), and peroxynitrite (ONOO-)—that may
be inadvertently created during regular
metabolic processes cause oxidative damage
to organisms. According to the free radical
theory, the buildup of these kinds of damage
eventually causes aging. The notion is
indirectly supported by other findings from
animal experiments demonstrating that
oxidatively damaged tissue by free radicals,
such as lipofuscin, lipid hydroperoxides,
malondialdehyde, carbonyl group, and 8-
hydroxy-2-deoxyguanosine, was manifested
more when the animals were older. If the free
radical theory is accurate, providing
antioxidants to experimental animals should
increase lifespan by reducing the oxidative
damage caused by free radicals. However,
even though many researchers have attempted
to prove the hypothesis, no positive results
have been shown yet.Organisms possess
various defense systems in order to protect
themselves from the toxicity of free radicals.
As the primary defense system for the
prevention of damage, there are antioxidant
compounds including vitamin E, -carotene,
ascorbic acid, and uric acid as well as
antioxidant enzymes including superoxide
dismutase, glutathione peroxidase,
glutathione reductase, DT-diaphorase, and
catalase.Lipolytic enzymes (phospholipase
A2), proteolytic systems (proteinases and
peptidases), and DNA and RNA repair
systems (endonucleases and exonucleases)
are included in the secondary defense system
to remove or repair the damaged products
(Beckman KB., Ames BN.,1998 and Croteau
DL, Bohr VA., 1997).
10-Cell Death: Necrosis and Apoptosis:

While cellular senescence, or a
permanent withdrawal from cell division,
may be a mechanism to prevent the
development of cancer, cell death may
represent another way in which the body
protects itself from abnormal cells. Cell death
can take two forms including necrosis and
apoptosis (Kumar V., et al.,2005). Necrosis is
thought to result from massive cell injury that
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is accidental and is always pathological. An
example would be when cells of the heart
muscle undergo necrosis because of ischemia,
or lack of blood flow, during a myocardial
infarction. Apoptosis is more of a controlled
cell death, what some call ‘‘programmed’’
cell death, in response to a stimulus. It is
thought to be genetically driven. In contrast to
necrosis, apoptosis is thought to be
physiological and may be a means of ridding
the body of unwanted cells. An example of
this is seen in the immune system, whereby T
lymphocytes undergo cell death in what is
thought to be a reaction to the recognition of
self-antigens that might cause autoimmune
diseases (Troen BR., 2003). Death of
neuronal cells is seen in many degenerative
diseases, including Alzheimer’s disease.
11-Immune Theory:

Some biologists feel that the
nervous, endocrine, and immune systems
coordinate all the other systems in the body
and that aging is tied to an overall declining
ability to deal with stressors (McEwen BS.,
2003). Some believe that the master
“‘biological clock’ is ultimately in the
hypothalamus in the brain and that it is
responsible for aging through hormonal
pathways. There are decreases in hormones
with normal aging, most notably the
reproductive hormones such as estrogen and
testosterone. There are also decreases in
growth factors and in secretions of other
hormones that affect the older individual’s
ability to deal with stressors such as infection
or dehydration. There is evidence that immune
function declines with age. The function of T
lymphocyte cells declines, increasing the
chances of developing infection and cancer.
This may be caused by an alteration in
cytokines, which are molecules responsible
for communication between immune cells.
Cerebral Aging:

In the functional front, cerebral aging
is associated with impaired neuro-plasticity.
Nevertheless, it has been hypothesized that
these  anatomical and  physiological
alterations are the result of gradual
homeostatic  perturbations affecting the
cellular reserves and unbalancing the
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calcium-dependant nerve signaling (Yankner
A, et al.,2008).

Furthermore, the senescence of the
brain is also associated with modification in
several biochemical functions and cumulative
damage in cellular components such as DNA,
mitochondria and mitochondrial DNA, in
addition to the decreasing capacity of
regeneration.These damages result in the
deterioration of the brain's superior functions,
such as memory, speech and cognition and the
quality of sleep.

I- Cerebral Aging Changes:

As the aging brain is associated with
a high risk of neurological disorders and
traumatic brain injuries, it becomes essential
to comprehend the different mechanisms
involved in this process, for therapeutic
purposes. As a consequence, many relevant
studies were made possible by the
development of novel techniques for the
scientific study of the nervous system, such as
neuroimaging, neurogenetics and
neuroproteomics.  These studies have
highlighted the featured brain changes during
aging, including anatomical, functional and
metabolic changes, enzymatic and hormonal
deregulations; and genetic and epigenetic
modifications; in addition to inflammatory
processes and oxidative stress. Further, some
studies assessed the link between these
alterations and the impairment of the
cognitive or superior functions of the brain.
A-Anatomical Changes:

The main anatomical sign of a senile

brain is the reduction of its global volume,
with a frequent predilection for the
frontotemporal cortex and some sub-cortical
structures such as thalamic nucleai, nucleus
accumbens and putamen.
In recent studies, MRI sections showed a loss
in the grey matter in the front-parietal-
temporal cortices, in the insula and in the
superior parietal gyri (Berti V., et al., 2011
and Taki Y., et al.,2011). These findings,
observed in men as well as in women, lead to
further explorations that revealed a similar
loss in white matter, at diverse levels across
the different brain regions (Sehmidt R, et al.,
2011).
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Over the years of life, this shrinkage
progresses at various rates according to the
concerned region of the brain (Beason-Held
LL., etal., 2008).

Brain shrinkage is explained by the
decline in the size of neurons, synaptic spines
and myelinated axons; and the decrease in
number of the synapses (Dickstein DL., et al.,
2007). Moreover, pyramidal cells of the aging
human and primate cortex are subjected to the
rarefaction of their dendrites (arborization
and spines). In both species, up to 50% loss in
spines was observed by electron microscope,
in apical dendrites of prefrontal cortex
(Barnes CA.,2011).Among the other
remarkable changes, objectified in computed
tomography, are the cortical atrophy and the
enlargement of the ventricles
(ventriculomegaly). The cortical atrophy can
progress with up to 1.0% per year, as
measured by the relative reduction of the
cortical line.

Additionally, the brain activity was
either raised or declined in old subjects in
comparison with young controls, as assessed
by functional MRI (Beason-Held LL., et al.,
2008); which further showed, in the prefrontal
cortex, a reduction in the hemispheric
lateralization (Woodard JL.,and Sugarman
MA., 2012).

Furthermore, the blood-brain barrier
becomes more permeable with aging (Farrall
AJ., andWardlaw JM., 2007).

B-Molecular Changes:

Besides structural and anatomical
changes, the understanding of molecular
changes in cerebral aging and the detection of
their corresponding biomarkers are crucial
data for the optimal management of brain
aging.
1-Chemical Changes:

Several enzymatic and hormonal
modifications accompany cerebral aging,
along with modifications in levels of
neurotransmitters, such as dopamine,
glutamate and serotonin; and metabolites.
1-a) Neurotransmitters:

For example, a reduction in the
number of dopaminergic neurons results in a
gradual decrease in dopamine levels (10% per
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10 years) with subsequent cognitive and
motor alterations. On the other hand,
dopamine receptors are also subjected to a
reduction in number and qualitative alteration
with impairment of their binding proprieties
(Ota M., et al., 2006).

Similarly, reductions in of levels
serotonin and glutamate are observed in the
aging brain and are responsible for defects in
synaptic plasticity (Yamamoto M., 2001 and
Chang L., et al., 2009).

Conversely, neurotransmitters
regulating enzymes are increased in the
cerebral aging process. High levels of
monoamine oxidase are observed, for
example, resulting in the release of high levels
of free radicals overtaking the antioxidant
capital (Esiri MM., 2007).

1-b) Hormones:

Hormonal changes have an additional
role in cognitive alterations in cerebral aging;
either by decline or increase, according to the

hormone. Most important  hormones
subjected to decline, such as growth hormone
(GH), melatonin, thyroxine,

Dehydroepiandrosterone (DHEA) and both
male and female sexual hormones (Veiga S.,
etal., 2004 and, Schumacher M., et al., 2003).
Whereas, cerebral aging is associated with
high levels of cortisol, which represents an
additional risk of obesity and cardiovascular
events, due to its activity as a stress hormone
(Lupien SJ., et al., 2009). In the brain, the
expression of estrogen intracellular receptors
a and B (ERa and ERp) is regulated by GH
and thyroid hormone, in addition to its
specific ligand estrogen. In the aging brain,
the decline in levels of these hormones
impacts estrogen signaling, which is a
mechanism highly involved in the impairment
of brain structure and function (Thakur MK,
Sharma PK.,2006).

Recent studies report an interaction of
ERR with mitochondrial and nuclear proteins,
within specific sites of casein Kkinase2,
phosphokinase C and N- myristoylation.
These interactions interfere with estrogen-
dependent gene regulation and could open an
interesting therapeutic option (Paramanik
V., Thakure MK.,2012).



Structural and Functional Changes in Cerebral Aging

1-¢) Insulin and Energy Metabolism:

It has been largely reported that the
speed of aging is significantly influenced by
insulin and insulin-like growth factors (IGFs)
(Sonntag WE., et al., 2000). Hyperinsulinism
and insulin resistance, more frequent in
elderly life are associated with a high risk of
dementia, due to the effect of both anomalies
on energy metabolism and their negative
impact on the integrity of the synapses and on
cerebral vascularisation. Additionally, energy
metabolism can be further worsened by the
reduction of the sugar input in the brain cells
resulting from the relatively inefficient
vascular network (Cohen E.,Dillin A.,2008).
Many studies have observed increased levels
of lactate as an early indicator of an aging
brain. These studies relate the increased level
of lactate to a shift in the lactate
dehydrogenase A/B ratio, considering this
finding as a hallmark of aging (Ross JM., et
al., 2010).

1-d) Oxygen Metabolism:

The aging process is associated with
a decrease in cerebral blood flow and oxygen
metabolism in all brain regions, along with an
increase in oxygen extraction fraction (OEF).
It has been hypothesized that these changes
are consequent to deactivation of brain tissue
in some regions, resulting in declined
metabolic demand in oxygen and abnormal
raise in OEF.
2-Genetic Changes:

The recent progress in genetics and
gene expression studies has brought much
enlightenment to the study of cerebral aging.
Genomic microarray helped elucidate the
corresponding molecular anomalies involved
in the cerebral aging alterations, such as
stress-related molecules, inflammation and
immunity mediators; and mineral molecules
homeostasis such as calcium. Moreover, gene
expression studies revealed also alterations in
mitochondrial functions, growth factors,
neuro-cellular vitality and synaptic plasticity.
Specificity Across Species:

Furthermore, = comparable  age-
dependent changes in gene expressions (i.e.
upregulation versus downregulation) were
observed across different species, in studies
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comparing aging genomes of mice, monkeys
and humans (Loerch PM., et al., 2008). Age-
upregulated genes included most remarkably
apolipoprotein D gene 13, which has
antioxidative  proprieties and  whose
upregulation is greater in some neurological
diseases such as Alzheimer's. Other genes are
concerned with age-upregulation, such as
stress-related genes, DNA repair genes and
inflammation-related genes; while age-
downregulated genes included mitochondrial
genes (Yankner A., et al., 2008 and Bishop
NA., et al., 2010).

Specificity across Brain Regions:

Other studies showed that these age-
dependent changes in gene expression touch
more specifically certain brain regions, in
comparison with others. In the forebrain, for
example, the superior frontal gyrus reveals
more gene expression changes than the
entorhinal cortex. Hippocampal region CAl
is another region most likely subjected to age-
dependent gene alterations, concerning genes
in relation to CA3 and the dentate gyrus;
whereas  immune-response  genes and
apoptosis genes are enriched (Zeier Z., et al.,
2001).

Nevertheless, the frontier of cerebral
aging is crossed between the age of 60 and 70
years, as these changes become generalized to
the whole cortex.

Specificity across genders:

Sexual dimorphism has been
observed in age-dependent changes in gene
expression. Males’ brains are more likely to
be concerned with these gene expression
changes, where a global reduction of
catabolism and anabolism is observed, as well
as a down-regulation of genes related to
energy production. It is also observed, in a
male’s aging brain, a down-regulation of
genes related to protein production and
transport. On the other hand, a female’s aging
brain, in comparison with a male’s, exhibits
higher activation of immunity; though both
sexes are concerned by this change in immune
activity.

Specificity across Neurons:

Beyond being gender-specific and

region-specific, age-dependent gene
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expression changes show further specificity
for certain neurons and glial cells. Studies
suggest a large downregulation observed in
neuronal-enriched genes related to synapse
structural and functional proprieties, calcium
regulation,  signal  transduction  and
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transmembrane receptors. Conversely, there
is an up-regulation in glial-enriched genes
related to immune response and complement
activation, as well as in astrocytic genes;
while oligodendrocytic genes are down-
regulated (Loerch PM., et al., 2008).

Table 1: Summarizes some examples of age-dependent gene changes in humans.

Category

Example

renes upregulated

Stress responze

Hear shock 70kD protein 1, mortaling crystalline zlpha B, hypoxiz-indocible
factor la (HOFIa), HIF-1 responsive ETPEDL, transgluotaminase I, p53 binding
protein 2. retinphlastoma-sssociated proteim 140,

DNA repair B-oxmopuznine DWA elucosylaze, uracil-DINA shycosylaze, topolsormeraze 1
binding protein.
Mitochondrial fanction Mitochondrial 3-oxpacyl-CoenzymeA thislaze

Inflammatory responze

THF-a, C type lectin, H factor {complement)-1, interfaron gamma-inducible
protein 16, interferon resulatory factor 7. intezrin af. intsreinfl.

Growth factors

“Wazcnlar endothelial srowih factor, FGF receptor 2, FGF raceptor 3

Symaptic fransmizsion

EMAPIS synaptophysin-like protein

Myelin-related proteins’

Awryloid precurzers protein’, oligodendrocyte lineags tranzcription factor 2,

lipid metabolism, peripbheral myelin protem 22, proteclipid protein 1, fatty acid dessfurase 1,
growth-azzociated apalipopratein D, low-density lipoprotein receptor-related protein 4, sterol
protein 43 (GAP-43),, carrier protein 2.

activity-regulated

cvtoskeletal protein (Arc)

Metal ion homeostasiz

Mletwzllothionein IG, metallothionein 1B, metallothionein 24 hasm binding
protein 2. hzemogelobin f. hephagstin

renes downregulated

Svnaptic plasticity

EDIF, nearexin 1, svaapiobrevin 1, svnapsin [T b

Svnaptic fransmizzion

(MEFZC

Vesicular tramzport

GABA vesicular ransported (3L32A1), kinesin 1B, sortilin, dynen (DNCHL),
dynamin, tranz-Golzi network protein 2. Golzi reazzambly stacking protein 2,
phosphatidylinositol transfer protein f, clathrin.

Neuronal sorvival

Prezenilin (P5) 17 BMADS box wanscription enhancer factor 2T (MEFIC),
inositol polyphosphate-4-phosphatasael, inozitol 14,5 frisphosphate 3 kinass 4

Calcium homeostasis

Calmodulin 1 & 3, CAMkinaze 11a and IV, calcineurin Bo, ATFaze Ca’ -
transporting. plasma membrans 2 (ATEIEIY

Mitochondrial fanction

ATP =ynthaze H+ -tranzsporting mitachondrizl Flal, mitochondrial ribosomal
protem L28, 511, cviochrome c synthase, translocase of inner mitochondrial
membrane 174,

Microtubule structure

Microtubule zzsociated protein (RIATIE, MAP2, tau I, FAN binding protein

and function g
G-protein coupled Fap24 re gulstor of & proteim, signalmg 4, & protem g polypeptide (GHAQ)
receptors

Frofein turnover

ATPzaze H -transzporting lyzozomal VI subonit H and A ubiguitin-conjugating
enzvme UhchS, nhiguitin-conjueating enzyvrme EXLL nhiguitin carrier protein

Amino acid modification

Protein-L-isozzpariate O-methyliransferaze, methionine adsnosyliransfarase
1la, G-1. 3-galactosvliransferaze s glutamate decarboxylaze 1

Kinazes and phosphatazes

Protein kinazse C isoforms (PECEL). PECy and PECTD

Stress responze

Siress 70 protein chaperons

Hormones

Proenkephalin, somatostating cholecystokinin § receptor, chromogranin B
{secretosranin 1)

Voltage-gated channels

Woltzage-gated Wa channe] Tk (SCH2EE), voltazs-dependent caleinm channsl
h.

(enex unaltered

Lipid tramsport ApaE
Cvtoskeletal elements Fmabulin T, neurpfilament L. chain fctin
Glycolytic enzyme GAPDH

a Sivanandam and Thakur 2011

» Thakur and Ghosh 2007.
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1-Epigenetic Changes:

Along with genetic alterations in the
aging brain, epigenetic mechanisms are
similarly involved in the process, with
alterations in histone and DNA, resulting in
additional  cellular and physiological
perturbations. A study performed in aging rats
revealed a downregulation in histone
acetylation and in histone acetyltransferase
with an upregulation in histone deacetylase 2
(HDAC 2), as concurrent mechanisms in loss
of synaptic plasticity and hippocampal
dendritic spines (Zeng Y., et al., 2011). The
role of brain-derived neurotrophic factor
(BDNF) in these alterations was explored and
revealed a downregulation in H3 and H4
acetylation in many promoter regions of
BDNF  gene.  Consequently, BDNF
expression declines significantly, thus
reducing the downstream hippocampal
signaling. Reduction of BDNF (as well as
trkB receptors) could be prevented by
inhibiting HDAC or by activating tfkB
receptors with 7 8-dihydrolxyflavone; which
increases the expression of BDNF and trkB
receptors. Other genes concerned with age-
related epigenetic modifications, such as Arc,
xif268 and BDNF in the hippocampal region
and prefrontal cortex, are involved in
cognitive alteration  Furthermore, age-
dependent changes can be influenced by the
dynamic structural changes of chromatin,
which could either accelerate or slowdown
the consequent alterations. However, studies
in this field ambition to identify which of the
known mechanisms constitutes the master
piece in cognitive alterations.

A- Functional Changes

1- Melatonin and Circadian Cycle:
A-Oxydative Stress and Inflammation in
Cerebral Aging:

Alterations in oxidative stress and
inflammatory  processes as well as
mitochondrial dysfunctions participating in
normal cerebral aging are also observed, at
higher levels, in many age-related
neurodegenerative diseases. Therefore, the
application of melatonin in treating cerebral
age-related pathologies has been explored in
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several animal experiments and in-vitro
models, for its beneficial effects on oxidative
stress and inflammation. Some studies even
suggest a positive effect of melatonin in
retarding physiological cerebral aging, by
increasing antioxidant enzymes and reducing
inflammatory events, which are important
mechanisms in the aging process. On the
other hand, the affordability of melatonin and
its low toxicity makes it a valuable candidate
in the treatment of cerebral aging and age-
related neurologic diseases, which is worthy
of more research investment.

a.Oxidative Stress:

Cerebral aging is associated with
several phenotypic modulations, implying the
cut of some specific portions of mitochondrial
DNA (Melov S., et al., 1999 and Wei YH., et
al., 2002), impaired oxidation homeostasis
with decreased antioxidant activity, along
with the pro-oxidant environment and
impaired immunity (LeBel CP., Bondy SC.
,1992 and Calabrese V., 2000).

Moreover, some amyloid and other
material depositions have also been observed
in aging brains in healthy people, though
these are characteristic of neurodegenerative
diseases such as Alzheimer's (Price JL., et al.,
1991). The accumulation of such insoluble
materials resistant to cellular proteolytic
activity affects cellular functions in a similar
way to genetic gangliosidoses.

Abnormally ~ high  pro-oxidant
activity is involved in a big part of age-related
cellular and bimolecular changes, especially
macromolecules such as proteins, nucleic
acids and lipids (Kim R., et al.,2006 and
Roberts LJ II., et al., 2001). However, the
causal relationship of these changes with the
supposedly consequent clinical disorders is
more difficult to establish. Animal models
using a-phenyl-N-tert-butyl nitrone (a-PBN),
for its spin-trapping activity of free radicals,
suggested an improvement of certain
cognitive (Sack CA., et al., 1996) and
behavioral aptitudes (Butterfield DA., et al.,
1996)] that had been lost with the aging
process. Other animal models using a-PBN
have shown restitution of ischemic changes,
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which guided the clinical testing of NXY-
059! (Disodium 4-[(tert-butylimino) methyl]
benzene-1, 3-disulfonate N-oxide.), an o-
PBN derivate, in patients with acute ischemic
stroke (Floyd RA., 2006).

b.Inflammation:

Different  studies report the
association of brain senescence with
abnormally high and persistent immune
activity,  without  appropriate  stimuli
(Terrazzino S., et al., 1997 and Sharman E.,
et al., 2004); but paradoxically, this immune
activity is inefficient or diminished (Sharman
KG., et al, 2002) regarding exogenous
stimuli and probably also regarding
pathogens.In aged rats (Perry VH., et al.,
1993) and primates (Sloane JA., et al., 1999),
increased activation of the brain microglia has
been observed, acting as the brain’s
macrophages and promoting an adverse
inflammatory state. On the other hand, the
inactivation of microglia is associated with
reduced injury in dopaminergic neurons (Wu
DC., et al, 2002).These chronic sub-
inflammatory subjects the brain tissue to a
noxious environment, resulting in cumulative
deteriorations and pathologic modifications,
such as amyloid deposits and other insoluble
materials.

Moreover, several epidemiological
studies observed a reduced incidence of
Alzheimer's disease in subjects with extensive
use of anti-inflammatory drugs, as well as the
use of antioxidant agents, supporting the roles
of both inflammation and oxidative stress in
brain degeneration (McGeer PL., et al., 2007
and, Pitchumoni SS., Doraiswamy PM.,
1998).
c.Mitochondrial Dysfunction:

Mitochondria are the cell respiratory
site where oxygen is reduced to water.
Consequently, mitochondrial injure results in
the production and intra-cytoplasmic
dissemination of free and reactive oxidizing
radicals, along with an impairment in
antioxidant mechanisms (Tian L., et al.,,
1998). In physiological conditions, about 2%
of the utilized oxygen is spared by the
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reduction process and liberated in an
intermediate reactive form (Boveris A,
Chance B., 1973). This proportion of reactive
forms of oxygen is augmented in the aging
cells, as a consequence of a decrease in
mitochondrial respiratory functions (Harman
D., 2002 and Liu J., Ames BN., 2005).
Consequently, aging is associated with
increased oxidative stress touching the
mitochondrial structures, in the frontline
(inner and  outer membranes and
mitochondrial DNA). In comparison with the
nucleus DNA, mitochondrial DNA is more
exposed to oxidative damage, as it contains no
histones and is fitted with poorer regeneration
mechanisms (Mecocci P., et al., 1993 ). Such
alterations are reported to be up to 15 times
greater in the brains of old subjects (both
human and mice), in comparison with young
subjects (Mecocci P., et al., 1997 and Wang
E., et al., 1997); which results in inefficient
mitochondrial respiration (Sobreira C., et al.,
1996).

Several neurodegenerative diseases
are associated with mitochondrial injuries and
dysfunctions. This has been observed for
example in Alzheimer, Parkinson's and
Huntington's diseases and amyotrophic lateral
sclerosis (Bowling AC., Beal MF., 1995).
The latter association could be attributed to
the susceptibility of the substantial gria to
oxidative stress, because of the latent
dopamine oxidative action, leading to
selective DNA damage in dopaminergic
midbrain neurons (Bender A., et al., 2008).
Similarly, mitochondrial DNA alterations are
also characteristic of premature aging and are
involved in several age-related anomalies
(Vermulst M., et al., 2008). It is further
hypothesized that altered mitochondria,
although dysfunctional, are fitted with a
higher division rate (Corral-Debrinski M., et
al., 1994), in comparison with normally
functional ones; which results in progressive
dominion of altered mitochondria, along with
aging (Fukui H., Moraes CT., 2009).
Dysfunctional mitochondria are also highly
involved in cellular programmed death (Kim
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R., et al., 2006; Poon HF., et al., 2004 and
Skulachev VP., 2006).
B-Melatonin in Cerebral Aging:

Many laboratories studying the
pharmacodynamics and pharmacokinetics of
melatonin have pointed out its beneficial
effect on delaying oxidative process in
cerebral aging, after reaching the brain in an
unchanged form (Bondy SC., et al., 2002 and
Lahiri DK., et al., 2004). One of the supposed
mechanisms of melatonin protective action is
the stimulation of antioxidant genes in the
brain (Kotler M., et al., 1998), explaining
probably the reduction in lipopolysacharide
(LPS) adverse inflammatory and anxiety-
generating effects (Sohal RS., et al., 1993 ;
Sewerynek E., et al., 1995 and Clapp-Lilly
KL., et al., 2001). Moreover, melatonin
reduces the production of free oxygen radicals
and interleukins (Clapp-Lilly KL., et al., 2001
and Masilamoni JG., et al., 2008).

Beyond the  well-documented
improvement of age-related biochemical
changes, melatonin is also recognized to
improve concomitant behavioral disorders in
animal models (Sharman EH., et al., 2002 and
Reiter RJ., et al., 2007).

On the other hand, surgical removal
of the pineal gland (the main site of
production of melatonin) is associated with
premature signs of cerebral aging; whereas
grafting of this gland delayed the age-related
thymic deregulation. The latter effect was
also observed after melatonin treatment. (Tian
L., et al., 1998; Reiter RJ., et al., 1999 and
Provinciali M., et al., 1996).

The actions of melatonin in retarding
cerebral aging have been investigated in three
big axes, 1) systemic action, 2) specific action
on non-pathologic cerebral-aging and 3)
specific action on neurological diseases.

B.1. Systemic Action:

Melatonin  treatment has been
associated with an extended life span
(Oaknin-Bendahan S., et al., 1995 and

Anisimov SV., Popovic N., 2004), which is
mainly a result of its effects on reducing age-
related oxidative stress and lipid peroxidation
(Caballero B., et al., 2009 and Akbulut KG.,
et al., 2008). On the other hand, a reduced life
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span is observed after removal of the pineal
gland.

In aged mice, melatonin was able to
regenerate the reproductive cycle (Diaz E, et
al., 2000) and enhance the body's immune
system (Akbulut KG., et al., 2001). In
addition, high levels of melatonin are
associated with lesser damage to the DNA of
different tissues of the organism, in
correlation with a decrease in age-related
oxidative stress (Morioka N., et al., 1999).
Altogether, these data suppose that the
positive effect of melatonin in aging is not
restricted to the brain.

B.2. Specific Action on Non-Pathologic
Cerebral Aging:

As previously reported, melatonin
improves the regulation of inflammatory and
immune responses, both altered in non-
pathologic aging of the brain. In addition,
dietary melatonin delivered as a chronic
treatment was associated with reduced age-
related memory deficit and vascular changes,
along with a reduction in the amyloid and
lipofuscin deposits (Matsubara E., et al., 2003
and Abd EI Mohsen MM, et al., 2005).

B.3. Specific Action on Age-Related
Neurological Pathologies:

Animal models investigating several
age-related neurologic diseases, such as
Parkinson's and Alzheimer diseases, have
reported the favorable effects of melatonin in
these diseases. These effects are more
significant after chronic administrations of
exogenous melatonin, starting prior to the
overt symptoms of the disease. For example,
to correctly prevent Alzheimer's disease,
melatonin-therapy should start long before
the apparition of characteristic amyloid
plaques (Quinn J., etal., 2005). In Parkinson's
disease, melatonin action results in the
preservation of dopaminergic neurons by
reducing lipid peroxidation and free oxygen
radicals; and also the inhibition of auto-
oxidation of L-DOPA (Mayo JC., et al., 2005
and Rocchitta G., et al., 2006).

In addition, ischemic brain diseases
and their functional and anatomical outcomes
are also improvement by melatonin, through
its antioxidant action that counteracts the



160

oxidative reaction following the
ischemia/reperfusion event. Some studies of
brain ischemic episodes report a reduction in
neuronal necrosis and in neurologic deficits,
with melatonin (Cervantes M., et al., 2008)],
even administered 24 hours after the ischemia
(Kilic E., et al., 2008).
In sum, we could say that melatonin has three
big target actions:
a) Reducing
macromolecules,
b) Regulating adverse inflammation,
c) Improving adverse hyperexcitation.
All of these targets are important and
common features of age-related changes and
neurologic diseases.
A. Mechanisms of Action of Melatonin
in Cerebral Aging:
C.1. Antioxidant Action:

All multi-cellular organisms are fitted
with melatonin, as well as bacteria and fungi.
It is hypothesized that the first function of
melatonin in primal organisms was anti-
oxidation (Hardeland R., Poeggeler B., 2003).
This propriety is observed at the tissue level
(in-vitro) as well as at the organism level.

There are two possible anti-oxidant
effects of melatonin: direct and indirect
effects. The direct effect implies direct
scavenging of free oxygen radicals and was
actually observed in isolated cell-free models
(Beyer CE., et al., 1998 and Tan DX., et al.,
2002). The indirect effect suggests a pro-
oxidant action of melatonin (Bondy SC., et
al., 2002 and Buyukavci M., et al., 2006).
However, the relatively low concentrations of
melatonin in the brain, as compared with
other leading antioxidants such as glutathione
and a-tocopherol, suggest that the direct anti-
oxidant effect of melatonin on free oxygen
radicals is accessory (Lahiri DK., et al., 2004
and Ferrari E., et al., 2008).

2- Cognition, Emotion and Memory:
A.Cognition:

Cognitive disorders are probably the
biggest concern of authorities and medical
societies regarding the issue of population
aging. These disorders constitute big
handicaps, with multi-dimensional
repercussions on the individual, family, heath

oxidative damage to

Khadeejah Alsolami

care providers and economy. Therefore,
several studies aim to find solutions for
successful cognitive aging, a non-consensual
concept characterized by a beam of genetic
and bio-cellular markers. Moreover, neuro-
imaging has brought precious indications on
cognitive aging (Yaffe K., et al., 2010).

On the therapeutic side, cognitive

stimulation, along with dietetic,
environmental and lifestyle measures reveal
efficient to prevent major age-related

disorders and to grant a successful cognitive
aging.

However, beyond the absence of
cognitive disorders, successful cognitive
aging (SCA) was defined as “the development
and preservation of the multi-dimensional
cognitive structure that allows the older adult
to maintain social connectedness, and
ongoing sense of purpose, and the abilities to
function independently, to permit functional
recovery from illness and injury, and to cope
with residual cognitive deficits.”” (Cognitive
and Emotional Health Project. National
Institutes of Health., US. 2006). Even if there
is no consensus regarding this definition yet,
what is irrefutable is that an accurate
assessment of SCA takes a multi-parameter
investigation, including as many parameters
as the respective factors of each dimension
concerned with cognition (Colin A., et al.,
2012 ).Operationally, the multi-parameter
assessment of SCA should refer each
elementary result to either a respective
predefined threshold, a normative scale, or to
the anterior individual results. This implies
the designation of cut-off measures, age-
related scales and variance and rate curves, as
per the studied parameter.

As an example, the Mini-Mental
Status Examination test was among the
parameters relative to cognitive skills and was
proposed with a cut-off of 24 for diagnosing
SCA. Other neurocognitive tests are proposed
with comparison to healthy population
median scores, which constitutes a more
relevant approach, with respect to limitations
in generalizing the “normality” scores.

Comparison to anterior individual
results may also be a relevant approach as
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maintaining personal performances with
aging is the key objective in SCA, which
constitutes the very concern of the subject.
Yaffe etal. reported that the maintain of
cognitive performance at the ages of 80 and
90 years is associated with less disability and
death (Yaffe K., et al., 2010). However, the
main limitation of the latter approach is the
difficulty to acquire longitudinal data for the
whole population; as cognitive tests are rarely
requested outside a suspicion of a cognitive
decline, in which case the comparison would
be biased.

1.Genetic Determinants of SCA:

Several studies have investigated the
effect of genetic factors on the cognitive
outcome of cerebral aging. In 1998, Finkel
and his collaborators demonstrated that more
than 50% of age-related cognitive decline is
explained by genetic background and that this
proportion is augmented to up to 80% in
premature cognitive decline (Gurland BJ., et
al., 2004). In opposition to genetic factors,
authors suggested that the involvement of
environmental factors in cognitive decline
increases with age and becomes more
important than genetic factors (Finkel D., et
al.,1998). In 2004, in a study comparing two
groups of monozygotic and dizygotic twins
(n= 1,384 and 1,337 respectively), Gurland’s
team concluded to up to 25% of aging-related
brain functional deficiencies were attributed
to genetic factors (Glatt SJ., et al., 2007).

Further, besides the cognition-specific
phenotype, genetics may also indirectly
involve cognition, engaging genes related to
cardiovascular risk factors, genes related to
inflammatory activity, or genes involved in
cellular growth and signaling (Glatt SJ., et al.,
2007).

A recent study from Zubenko (2007)
using a genome-wide association identified
about 16 markers associated with SCA,
though the model was not gender consistent
(Zubenko GS., et al., 2007).

Further genetic explorations of
successful cognitive aging have exposed the
role of mitochondrial DNA and epigenetic,
such as DNA methylation. The epigenetic
model has the advantage to enable intricate
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processes between both environmental and
genetic factors and the interaction between
them. One of the epigenetic mechanisms
involved in cognitive aging is the regulation
of the telomere, which is likely to be
associated with cellular aging. Indeed, short
telomeres are associated with accelerated
aging and correlate with higher levels of
environmental stress (Aviv A., et al., 2003).
On the other hand, longer telomeres have
been associated with better scores on Mini-
Mental Status Examination (Atzmon G., et
al., 2010).

2.Stress Factor:

Stressful events are more frequent
and long-lasting in adulthood than in youth,
due to the life circumstances. However, there
is notable variability in individual response to
stressors and their psychological impact,
whose further consequence on cognition has
been investigated for decades.

Chronic stress has the potential of
impacting several physiological processes
which can trigger sub-pathological status
resulting in neuronal injury. Stress is an
important stimulator of cortisol secretion,
through the Hypothalamic-Pituitary-Adrenal
axis; and consequent hypercortisolism is
responsible for several lesions in disposed
cerebral regions, such as the hippocampus.
Moreover, stress can stimulate the secretion
of inflammatory cytokines and suppress the
immune response, which represents an
additional risk factor for brain damage
(McEwen BS., 2000).

Inter-individual ~ variability  in
vulnerability to stress could be partially
explained by some genetic factors, such as the
carrying of the SHTT short allele, which is
associated with higher levels of cortisol and
increased reactivity to stress (O’Hara R.,
Hallmayer JF., 2007). This may be a relevant
pathophysiological ground for the association
between anxiety and depression with age-
related cognitive decline.

On the other hand, resilience
faculties, also different across individuals,
could be very helpful against the cognitive
impact of stress and might represent a very
optimistic therapeutic perspective.
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3.Brain Reserve and Cognitive Reserve:

Brain reserve is characterized by
the aptitude of the brain to maintain optimal
functionality after age-related damage, such
as physiological aging shrinkage of some
cerebral structures and also white matter tract
disorganization. A good brain reserve implies
a reduced cognitive impact of neuronal
damage and the necessity of consequent
damage to affect the cognitive functions of
the brain. This concept was mostly suggested
to explain the absence of Alzheimer's disease
in some individuals whose brains revealed all
the traits of the disease, in post-mortem
examination, including characteristic amyloid
deposits  and  neurofibrillary  tangles
(Snowdon DA., 2003). Anatomically, brain
reserve may correspond to a larger brain
volume, with a bigger amount of neurons and
extended synapses. It has been demonstrated
that a larger cranial circumference is
associated with a reduced impact of cerebral
atrophy on cognition in Alzheimer's patients
(Perneczky R., et al., 2010).

Conversely, cognitive reserve is
characterized by active compensatory
functions of the brain that aim to palliate a
certain structural deficit. Functional neuro-
imaging has revealed some of these
spectacular activities, by showing reduced

lateralization of brain signaling in the
prefrontal lobe of old subjects, while
performing an intellectual task. These

observations suggest the solicitation of more
neuronal resources by aging brains, in
comparison to younger controls, in order to
appropriately perform the assigned task.
Moreover,  supporting  the  previous
observation, the Scaffolding Theory of Aging
Cognition (STAC) suggests the development,
with age, of alternative neuronal connections
that aim to uphold or reinforce some specific
cognitive functions (Park DC., Reuter-Lorenz
P.,2009).

4. Wisdom:

Unlike memory and processing
faculties, wisdom is a cognitive faculty that is
generally enhanced with age. Although it
lakes of neurobiological characterization,
wisdom attracts scientific curiosity as it was
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correlated to superior cognitive outcomes in
old age. In 2010, Jeste surveyed several
experts on wisdom, in an attempt to end a
consensual conceptualization of wisdom and
concluded that wisdom is a form of
sophisticated cognitive and emotional skills,
specific for humans, enhances with age and
could be acquired through life experience and
learning (Jeste DV., et al., 2010). In further
collaborative works, Jeste has attempted to
put forward a neurobiological definition of
wisdom and suggested the following criteria:
1) sociability and pro-social behavior; 2)
pragmatism and social decision-making; 3)
emotional stability; 4) meditation and self-
understanding; 5) tolerance and relativism
and 6) recognition of uncertain and
ambiguous situations and efficient coping
with them.Consequent neuro-biochemical
theories have been suggested by authors,
including the congruent actions of multiple
neurotransmitters, such as dopamine in self-
control, serotonin in sociability,
norepinephrine in stress management and
decision making and oxytocin in social
cognition.

Furthermore, with the help of neuro-
imaging, authors attempted to localize the
brain region involved in the wisdom process;
and suggest the interaction between the dorsal
Anterior  Cingulate  Cortex  (ACC),
Orbitofrontal Cortex (OFC) and Medial
Prefrontal Cortex (MPFC) with the lateral
prefrontal cortex (PFC). All of these three
brain regions are involved in pro-social
attitudes and behaviors; and their cooperation
has a remarked role in inhibiting many brain
regions, such as the amygdala, and ventral
striatum, linked to emotive reactions and
immediate reward dependence (Colin A., et
al., 2012).
5.Lifestyle Factor:

Lifestyle and life conditions have an
important role in aging, in general, and in
cerebral aging. Regular physical exercise, a
healthy diet and appropriate cognitive
stimulation are all assets that allow successful
cognitive aging.

a) Regular physical activity:
Physical activity has many known
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positive effects on health, such as a reduction
in mortality and cardiovascular events and
motor disabilities. Besides these effects that
can indirectly influence cerebral aging,
physical activity is associated with a reduced
incidence of senile dementia (Larson EB,
Wang L.,2004), and increased cognitive
performance (Kramer AF., et al., 2006).
Other studies showed an increase in cerebral
white and gray matter after only one year of
regular aerobic exercise even initiated at late
age (Colcombe SJ., et al., 2006). Such
observations could be explained by the
decrease in oxidative stress and inflammatory
activity (Fontana L., et al., 2010), which are
remarkably reduced by physical activity.

b) Healthy Diet:

Dietary restriction is recognized to
expand longevity and has caught a huge
scientific and popular interest. A limitation of
only a third of the usual food ration could
increase life span, as it was associated with up
to 40% increase in rodents’ life span (Fontana
L., et al., 2010). Moreover, food restriction is
also associated with improvement in
cognitive faculties, including memory (Witte
AV., et al.,, 2009). One of the supposed
mechanisms to explain the effect of food
restriction effect on cognitive performance is
the reduced oxidative stress resulting from a
decreased  metabolism.  Besides food
restrictions, no further evidence has been
presented for the supposed beneficial effect of
some particular nutriments, such as Ginko
Bilboa or fish oil, despite the popular
ideology. Conversely, a diet with poor
vitamins, especially vitamins D, K and B12,
is associated with an increased risk of
cognitive decline (Colin A., et al., 2012).
c¢) Cognitive stimulation:

The effect of cognitive stimulation
on the maintenance of  cognitive
performances with age has been demonstrated
in several studies. However, bigger
investment in activities with less cognitive
stimulation is associated with an increased
risk of dementia. There emerged the concept
of “use it or lose it”. Nevertheless, it is not
objectively possible to quantitatively measure
the cognitive stimulation for each activity;
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whereas, for the same activity stimulation
level may differ from one individual to
another (Colin A., et al., 2012).

In 2006, Willis and his team
accomplished one of the largest retrospective
trials assessing the effect of cognitive
training, called “ACTIVE”, and concluded a
significant  improvement in  cognitive
performance (Willis SL., et al., 2006). Some
of these observed improvements were
maintained up to 5 years after the study.
A.Emotion:

In physiological conditions,
emotional aging, including emotional
expression, is characterized by stability;

regardless of some impaired perception of
emotional stimuli. However, some studies
report a particular reduced stimulation of the
autonomic nervous system (ANS) in reply to
negative emotions, in aging, along with a
modified response of the CNS to the same
stimuli (Alfred W., et al., 2012). The latter
modifications are characterized by a hyper-
activation of the prefrontal cortex and a hypo-
activation of the amygdale. Investigation of
emotion-related memory and attention in
aging concludes with a weakened negativity
effect in old subjects (i.e.processing of
negative emotional stimuli); and, on the other
hand, an improved positivity effect
(processing of positive emotional stimuli).
These physiological changes have been
explained within a socio-emotional theory, as
the consequence of a tendency of the aging
individual to invest more in steady
relationships, providing such an emotional
“security” and bringing positive social
experiences. Nevertheless, these
characteristics of physiological emotional
aging are accompanied by structural
modifications in the brain region involved in
emotion.Observational studies agree that
aged individuals present less emotional
distress than younger controls, in both terms
of frequency and severity. However, this
diminution of emotional response seems not
linked to a diminished consciousness
regarding emotional stimuli.
a) Emotional Perception:

Some past studies reported rather a
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diminished perception of visual and auditory
emotional stimuli in old persons (Malatesta
CZ, et al., 1987 and Oscar-Berman M., et al.,
1990). More recent studies suggest a relative
difficulty in older adults to discriminate
between emotion-related facial and body
expressions and tones of voice (Rufman T,, et
al.,, 2008 and Ryan M,, et al., 2010 ).
However, these modifications may be related
to the use of larger neocortical networks, by
older adults, in the processing of emotional
faces (Tessitore A, et al., 2005), and do not
forcibly imply a diminished emotional
experience.

Furthermore, it was noted that these
observations concerned mostly negative
emotions, such as sad, fear and anger facial
expression (Mathersul D., et al., 2009 and
Slessor G., et al., 2010). This may converge
with the previously mentioned positivity
effect observed in older persons, versus the
younger adults who, on the opposite, show a
predilection for negative emotional stimuli
(Murphy NA., Isaacowitz DM., 2008).

However, it is to note that most of
these studies use for the assessment a
selection of emotional images, such as those
provided by the International Affective
Picture System (Lang PJ., et al., 2005) or the
POMS (Profile of Mood State) questionnaire
(McNair DM, et al., 1992), which are scaled
according to the young adult perception.

b) Emotional Expression:

There are differences between
emotional expressions in older versus
younger adults pointed out by several studies.
These studies used different assessment
criteria, such as the facial expressions or the
electric recording of facial muscles activity,
by EMG, in response to emotional stimuli.
The authors agree to draw the conclusion that,
similarly to emotional experience, emotional
expression is likely not affected by aging.

c) ANS, CNS and age-related emotional
change:

ANS reactivity to emotion is likely
to be reduced in older adults, in comparison
with younger ones. A study by Levenson et.al.
showed, in parallel with a reduced facial
expression, a significant decrease in ANS
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activity indices (heart rate and finger
temperature), in response to emotional
stimuli, in comparison with the younger
group (Levenson RW., et al, 1991).
Moreover, the emotion-related change in
cardiovascular activity (as reflected in ANS
activity) was also diminished in older
persons, regardless of the negativity or
positivity of the emotional stimuli, including
the recall of negative memories and conflict
situations (Tsai JL., etal. 2000 and Levenson
RW., et al., 1994 ). These findings suggest a
greater ability of older persons to regulate
emotion. However, an increase in systolic
blood pressure was reported by Uchino in
similar conditions (Uchino BN, et al., 2010).
Comparative studies in functional
MRI have also shown significant age-related
differences in the activation of CNS regions
in response to emotional stimuli. Reduced
activation of the amygdala region and greater
activation of the prefrontal cortex were
reported (Gunning-Dixon FM., et al., 2003).
This is likely to contrast with the structural
alterations, predominating in the frontal
region and sparing more the amygdala (Raz
N.,2000 and Grieve SM., et al., 2005). To
elucidate this intriguing contradiction, Mather
suggested a greater regulating activity of the
prefrontal brain, to suppress the emotion-
related activation of the amygdala. Other
researchers have used electroencephalograms
to examine the brain's electric potential
changes in response to neutral, negative, or
positive emotional stimuli (Wood S., Kisley
MA.,2006). These observations found
decreased potentials in older adults for both
positive and negative emotional stimuli
(IAPS images for this study), as compared to
younger controls, still with the absence of the
negativity effect in the older group.
Comparable findings were reported
in other functional MRI studies examining
connectivity, emphasizing this reduced
negativity effect in older individuals without
an analogous reduction in amygdala
activation (St Jacques P., et al., 2010).
Furthermore, analysis of the functional
connectivity of the right amygdala, which is
the structure of the brain implicated in threat
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vigilance, with the rest of the brain structures
has shown greater connectivity between this
structure and the ventral cingulated cortex, in
older adults in comparison with the younger.
The authors explained this greater
connectivity with the anterior structures as the
probable reflect of the emotional regulation
increasing with age. On the other hand, the
connectivity of the right amygdala with the
posterior regions of the brain was diminished
in the older group, suggesting a weaker
emotional perception.

Altogether,  these  observations
support the aging-related physiological
resistance  against  negative  emotion
experiences.

B-Memory:

Memory disorders constitute a major
health problem in aging, as well as in several
neuropsychiatric ~ diseases, such  as
Alzheimer's  disease.  Therefore, the
elucidation of the neurobiological processes
of memory defects related to aging is essential
to develop appropriate and efficient
therapeutic or preventive measures.

Because of the existence of different
types of memory, results from animal models
could not be always generalized to humans.

The first type of memory touched by
aging-related disorders is short-term memory
(STM), which constitutes a capital ability of
the brain that interacts with several cognitive
skills. The thorough conceptualization of
STM in humans is not applicable to animals,
which represents an obstacle to the
progression of research in this specific field
(Aline Marighetto, et al., 2012).

Conversely, a declarative component
of long-term memory (D-LTM) is subjected
to more deterioration in normal aging and
early stages of Alzheimer’s disease. D-LTM
is involved in conscious events, their verbal
formulation and their location in time and
space (Squire LR., Zola SM.,1996 and Cohen
NJ., et al., 1997).

However, unfortunately, the cellular
and bio-molecular mechanisms involved in
each concerned brain region or in inter-region
connectivity related to memory are not
elucidated enough (Aline Marighetto, et al.,
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2012). Therefore, it is still difficult to
comprehend the pathological mechanisms of
aging-related memory disorders and to draw
relevant therapeutic perspectives.

2- Mobility:

Walking ability disorders constitute
an important public health issue, with high
prevalence in old ages that my reach 35% in
individuals over 70 years and more than half
of individuals over 85 years old (Rosso AL.,
et al., 2013). These disorders result in
limitations of mobility and dependence,
which may considerably affect the quality of
life or lead to frequent hospitalizations.
Moreover, walking disabilities and their
consequent repercussions are associated with
a high risk of falls and premature death
(Guralnik JM., et al., 2000 and Segev-
Jacubovski O., et al., 2011).

Despite the demographic, economic
and medical importance of the issue of

walking  disabilities, the  underlying
mechanisms are still not elucidated
sufficiently to provide evidence-based

management guidelines (Rosso AL., et al.,
2013).

Research on walking disabilities has
primarily focused on locomotive system
determinants or further components of certain
specific neurologic diseases. However, recent
studies have thrown light on the role of
cerebral processes involved in walking; and
consequently, in aging-related walking
disabilities. Brain control of mobility is
discovered to be interrelated with cognition,
as demonstrated in old individuals with no
neurological disorder explaining the walking
disability and related cerebral changes
(Holtzer R., et al., 2006 and Annweiler C., et
al., 2012). These observations suggest that
aging-related cerebral changes may constitute
the main substratum of walking disabilities of
the old person, by the alteration of motor
regions. Indeed, these disabilities are
associated with several cumulative and
diffuse alterations of the CNS.

It is to note also that prior studies
focusing on peripheral systems, have
investigated the consequent effects on CNS
plasticity and adaptability, and respective
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correlations with other risk factors (Segev-
Jacubovski O., et al., 2011; Steffener J., et al.,
2012 and Nithianantharajah J., et al., 2009).
On the other hand, most of these researches
have specifically studied the gait, specifically,
though it is not the only aspect of ability; and
at the same time, the involvement of the CNS
was not explored (Rosso AL., et al., 2013).

Subsequent work has turned to
multidisciplinary approaches, such as the
initiative of the Gerontological Society of
America, in collaboration with the National
Institute on Aging and the University of
Pittsburgh, who proposed three axes of
research:

a) Providing consistent evidence of the role
and interactions of CNS with mobility,

b) Investigating  neuro-biological and
biomechanical mechanisms involved in
mobility limitations related to aging,

c) Exploring therapeutic and preventive
options, under the light of the previous
discoveries.

4- Sensorial Changes and Aging:

A. Audition:

Auditory impairments are frequent
in the old population, with up to 50% of
hearing loss diagnosed in subjects over 65
years old.The two most common hearing
disorders found in older subjects, often
associated, are:

1) lrreversible bilateral sensorineural
disorders, concerning high-tones; mostly
resulting from alteration of the auditory
nerve.

2) Conduction-deafness, in relation to
deterioration in the structures of the outer
and or the middle ears.

The clinical manifestation of these
abnormalities is difficulty to hear and
distinguishing the high-pitched sounds and
discriminating speech, especially in low and
normal volumes. However, this specific
impairment of the high tones usually
progresses to a general auditory loss, touching
all tones (Nettina, S. M., et al., 2010).

B. Vision:
Aging is characterized by impairment
of both central and peripheral visions,
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respectively related to macular degeneration
and a decrease in visual fields.

Similarly, a diminution of the dark
adaptation is observed, along with an
elevation in the minimal light perception
threshold and in the color discrimination.

Moreover, structural changes are
observed in the lens, such as cataracts and loss
in elasticity, resulting in blurred and double
vision, sensitivity to light and impairment in
visual accommodation leading to presbyopia.

Other physiological changes of the eye
structures and functionality include dry eye
by decreased tear production, glaucoma and
arcus senilis (lipid deposits around the eye)
(Nettina, S. M., et al., 2010).

C. Smell and Taste:

In aging, there is a decrease in
olfactory sensitivity and differentiation, due
either to sinus disorders or olfactive nerve
degeneration.  Among the  preserved
sensitivity are the odors of the fruits.
Moreover, women are likely less affected by
these modifications than men (Jeste DV., et
al., 2010).

Regarding aging-related taste
changes, a decrease in taste buds is observed,
with mal predominance, reaching up to 80%
of loss by age 80.

Factors Accelerating Cerebral Aging:

Age-related changes and subsequent
physiological and functional alterations may
be influenced by many factors: some
accelerating and some delaying, whose
recognition could lead to precious therapeutic
approaches. Some of these factors are:
1-Hypertension:

Chronic high blood pressure is known
to affect the vascular system, notably in the
cerebral circulation, resulting in aggravated
age-related changes. Indeed, both structural
changes, such as hippocampal shrinkage, and
cognitive alterations are more prevalent and
occur earlier in subjects with uncontrolled
hypertension, in comparison with those with
controlled hypertension or with normal blood
pressure. Moreover, brain regions that are
usually spared by age-related changes, such
as the primary visual cortex and parietal areas,
may present alterations in subjects with
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hypertension. It is interesting to note that the
expansion rate of these alterations is linearly
correlated with systolic blood pressure.

Although there are scarce animal
studies to explore neuroanatomical age-
related changes correlated to hypertension,
naturally hypertensive rats showed elective
alterations in  their  prefrontal areas
preventable by antihypertensive treatments
(Raz N.,Rodrigue KM.,2006).
2-Stress and Depression:

Age-related cerebral alterations may
also involve the stress level, which is
conditioned by individual characteristics,
either genetic variances in the stress system or
differences in exposure to stressors during
life. Stress occurring in early life is associated
with memory and learning impairment; but
develops emotional memory.

It was recently reported that chronic
exposure to stress as well as recurrent
depression are accelerating factors for
cerebral aging.

With aging, telomeres are subjected to
shortening, which was proved to be
aggravated by inflammation and oxidative
stress. Moreover, a measure of telomere
length was proposed as a biological marker of
aging and assimilated as an indicator of age-
related conditions, lifestyle quality and
longevity.

A more recent study reports a
correlation between recurrent depression and
high cortisol levels (standing for chronic
stress), with telomere shortness (Wikgren M.,
etal., 2012).
Cerebral Aging:
Pathological:

Healthy cerebral aging implies
efficient adaptation from neural cells to the
changing environment, in addition to
competent protective and healing processes to
repair  consequent  damages  (Fig.l).
Otherwise, degenerative anomalies develop
cumulatively, resulting in pathological aging
disorders, such as Alzheimer's and
Parkinson's diseases.

Among the healing mechanisms are
protein chaperones, cytokines, neurotrophic
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factors and cell survival-promoting proteins,
such as antioxidant enzymes, Bck-2 and
apoptotic protein inhibitors. Moreover, the
integrity of the neuronal genome involves
telomerase and DNA repair proteins. Another
repair mechanism involves neural stem cell
recruitment for the replacement of injured
neurons or glial cells.

Pathological aging begins when
alterations overpass these protective and
restorative mechanisms; an equation that puts
in competition other factors like hypoxemiga;
as well as different genetic and other
environmental conditions. Among
unfavorable genetic conditions are the
mutations in genes of amyloid precursor
protein and presenilins, genes of a-synuclein
and parkin and genes of huntingtin, androgen
receptor and ataxin; respectively responsible
for inherited forms of Alzheimer's disease,
Parkinson's disease and trinucleotide repeat
disorders.

On the other hand, dietetic control,
antioxidant supplementation, herbal therapies
and physical and intellectual activities seem
to boost the neuroprotective mechanisms.
Moreover, healthy cerebral aging is also
promoted by the hyperproduction of
neurotrophic factors and stress proteins, in
addition to steroid hormones that support the
regulation of neurotransmission, myelination,
cell viability and cognitive faculties. The
protective role of neurosteroids has been
demonstrated in a case-control study
involving Alzheimer patients and healthy
controls, showing an inverse relation between
the level of neurosteroids and Alzheimer
biomarkers, such as phosphorylated tau and
beta-amyloid peptides (Schumacher M., et
al.,, 2003). Other hormones with a
neuroprotective role are estrogen and
melatonin.

Finally, we should remark on the
regenerative role of the stem cells in replacing
the degenerated neurons and glial cells, in the
adult brain as well as during cerebral aging.
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Fig 1: Schematic representation of transition from normal aging brain to pathological brain.
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