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Introduction

The aging of the brain is due to pathophysiological changes over 
the period of individual lifespan. Further, the aging in general, is not 
genetically programmed. In fact, it can be compared with wear and 
tear plus the efforts at biological level for repair and adaptation. 
Various insults, infective and inflammatory posed to the human-
being lead to subcellular, cellular and tissue abnormalities resulting 
in neuronal adaptation, senescence and degeneration culminating  

 
into the complex phenomenon of aging of brain (Figure 1). The 
latter manifests differently in different individuals depending 
on their genomic constitution, childhood, early and late adult life 
events and exposure to the total biological environment. 

Essential cognitive decline

With aging, the cognitive abilities decline. Though, the decline 
may not be apparent in form of impairment of activities of daily 
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Abstract

Overview-neuro cognitive aging: Among all body organs, the aging of human brain is most incapacitating with its fallouts on quality of life, general 
health and psychosocial implications. There are progressive aging changes in the brain with increasing chronological age. However, at the individual 
level rate and types of changes are variable. The aging of brain entails several structural, bio-chemical and functional changes in the brain as well as 
various cognitive changes. The changes that may affect cognition and behavior occur at the molecular, intracellular, intercellular and neuronal tissue 
levels. Further, as suggested by the research in animal models, with aging there are distinct changes in the expression of genes at the neuronal level. In 
fact, aging is a major risk factor for the common neurodegenerative diseases, which include mild cognitive impairment (MCI), Alzheimer’s disease (AD) 
and Parkinson’s disease (PD).

Morphological alterations: As a person gets older, changes occur in the brain. Certain parts of the brain shrink, especially those related to memory 
and learning, and other complex cognitive activities. The injury due to reactive oxygen species (ROS) at micro-level and ensuing inflammation and 
degeneration compromise the neuronal ability to function, affecting the three important processes: communication, metabolism and repair/
regeneration. The other types of brain cells, called glial cells, which play various critical roles apart from supporting neurons also suffer changes due to 
aging process. Blood circulation in the brain decreases due to multiplicity of factors, including changes in cerebral vasculature, and is a likely cause of 
cognitive decline. The human brain consumes about 20 percent of the body’s oxygen, and the micro- and mini-vascular disturbances (mini-strokes) are 
common with aging arteries, and cause a cumulative and progressive damage.

The cognitive impairment: The cognitive abilities change throughout life, first as a result of brain maturation and later with aging of brain cells 
and their multitudes of complex interconnections. As people age, their movements and reflexes slow and the hearing and vision weaken. An important 
issue is how normal brain aging transitions to pathological aging, giving rise to neurodegenerative disorders. The toxic protein aggregates have been 
identified as potential contributory factors, including amyloid beta-protein in AD, tau in front temporal dementia, and Lewy bodies in PD. But, despite 
dementia and other neurodegenerative disorders associated with aging, the advanced imaging techniques have revealed that even into late seventies, 
the brain is able to regenerate and produce new neurons, and restructure complex neuronal circuits. Thus, a chance of regeneration and repair exists 
even in the aging brain.

Measures to retard the cognitive aging: The level of education and lifetime of intellectual effort, which improve cognitive skills, seem to protect 
brain against aging as well. The brain cells can grow and regenerate and the learning can improve throughout life. Though the aging is not genetically 
programmed, genes influence the aging of brain in multiple ways. The CETP gene is important in this regard and its I405V variant may influence 
general cognitive function and pathogenesis of AD. The gene expression, in turn, is influenced by factors like a healthy lifestyle, exercise, dietary and 
alcohol intake, and mental activity. The calorie restriction (CR) and CRAN appear to have a positive impact on cognitive function and aging. A better 
understanding of the aging of brain can be viewed as a key to an improved quality of life in a world where people will live longer in near future.

Keywords: Aging brain; Cognitive reserve; Neuronal aging; Neurotransmitters; Essential cognitive decline; Neurodegenerative disorders; Mild cognitive 
impairment; Alzheimer’s disease; Front temporal dementia; Parkinson’s disease; Cognitive protection; Reactive oxygen species; Calorie restriction; 
CRAN
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living (ADL), as changes are gradual and subtle. There occurs 
cognitive slowing, which may be evident on attention tasks or 
when it is necessary to multitask or when switching from one 
task to another. Driving is such a task and cognitive slowing is a 
contributing factor in elderly people’s higher rate of automobile 
accidents [1].

Figure 1: The Concepts of Aging of Brain.

The ability to keep multiple pieces of information in mind at 
the same time is another skill that declines with aging. The memory 
also declines, but the exact nature of the decline depends on the 
particular type of memory. To recall a new event or information, 
the brain must register the information, store it, and then retrieve 
it when needed. The ability to recall new information gradually 
declines after 40s. The older adults are less likely than young 
adults to freely recall most of the new information, though they can 
recognize when the content is mentioned.

The language skills develop during young years and are 
retained during adulthood. But, recalling a familiar name or a 
particular word may become tardy for older adults. The visual 
perceptual and scanning abilities, and spatial relationships show 
decline with age. Executive functioning, such as conceptualizing a 
problem, making appropriate decisions, and planning and carrying 
out effective actions slowdown in older adults [2]. The older 
adults are more likely to be fooled by deceptive advertising and at 
greater risk of falling prey to fraud. Language and vocabulary are, 
though, well retained throughout the lifespan. In fact, vocabulary 
continues to improve into middle age. The age-resistant cognitive 
skills are strengthened by experience, including situations that 
require reasoning and judgment. The older adults often have a 
better overview of a situation or single event, than younger people, 
because of their greater experience and emotional tranquility [3].

But, the cognitive operations do not exist in isolation. Multiple 
cognitive skills, such as attention, memory and reasoning, are 
involved in performing ADL. The social behavior relies on a 
combination of cognitive and emotional factors, and the influence 
of aging on these factors is multifaceted. The brain aging interferes 
with performance when information is acquired in an unfamiliar 
situation and needs to be processed quickly. In familiar situations, 
older adults as compared to younger adults, tend to make more 
accurate interpretations of the behaviors of others when prior 
experience and knowledge helps to focus attention.

Physiological Vs abnormal brain aging 

Each neuron has a cell body and a number of processes called 
dendrites that extend in many directions to join other neurons for 
receiving signals. Each neuron has an axon that transmits signals; 

these axons make up the white matter in the brain. A number of 
other changes occur in the brain with aging. The damage to white 
matter tracts with aging contributes to decreased brain size and has 
been associated with slower information-processing and difficulty 
in recalling information. With aging, the size and complexity, and 
the efficiency of communication between neurons become less 
effective and leads to various symptoms and signs of cognitive 
dysfunction (Figure 2).

Figure 2: The Physiological Aging and Cognitive Decline.

There are individual differences in aging related cognitive 
decline. For some people, cognitive decline with aging is mild. It is 
explainable by a factor is called the cognitive reserve [4]. Those more 
intelligent at a young age, or having better cognitive maintenance 
through education, occupation, or stimulating activities, having 
right genes and social network and friends, and enjoying activities 
with others, having a purpose in life retain cognitive skills with 
aging better than those who are less accomplished, they have been 
shown to be associated cognitive reserve. The level of education 
and lifetime of intellectual effort, which improve cognitive skills, 
seem to protect brain against aging as well. The intellectual 
stimulus leads the brain cells to grow and regenerate, replenish loss 
of neurotransmitters and retards the neuronal aging, and improves 
the cognitive reserve.

With aging, the changes in the pattern of stimulation of neural 
networks, cause increased activation in some areas and decreased 
activation in others. Studies reveal that when an elderly person 
performs a cognitive task at the same level as that of a young adult, 
more brain activity is needed to maintain cognitive performance. 
The physical frailty with age is accompanied with proportional 
cognitive decline, and can be leveled as normal aging process [5].

Both, the physiological brain aging and neurodegenerative 
disorders involve impaired energy metabolism and oxidative 
damage. The neuronal plasma membrane contains redox enzymes 
that provide electrons for energy metabolism and recycling of 
antioxidants such as coenzyme Q and α-tocopherol. The pathology 
of aging and age-related diseases involves oxidative stress at 
an early stage. The reactive oxygen species (ROS) produced 
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during mitochondrial oxidative phosphorylation are associated 
with damage to DNA, lipids, and proteins [6]. The accumulation 
of mitochondrial DNA mutations, induces impairment of 
mitochondrial function, leading to a shortage of ATP supply and 
energy metabolism.

The research indicates that mitochondria have a central 
role in aging-related neurodegenerative diseases. Mutations in 
mitochondrial DNA and oxidative stress both contribute to neuronal 
aging and neuro degeneration [7]. The mitochondrial dysfunction 
and oxidative damage are major contributors to neuronal loss. 
Free radicals, typically generated from mitochondrial respiration, 
cause oxidative damage of nucleic acids, lipids, carbohydrates 
and proteins. Though, the overall mechanism by which oxidative 
damage causes neuronal death is not well understood [8].

The neurodegenerative disease is an umbrella term for a range 
of conditions which primarily affect the neurons in the human brain 
and involve progressive loss of structure and function, leading to 
progressive degeneration and death of neurons, and include AD, 
PD, amyotrophic lateral sclerosis and Huntington’s disease [9]. 
The neurodegenerative process trigger neuronal cell death. The 
programmed cell death (PCD) plays a critical role and is influenced 
by both anti-PCD and pro-PCD modulators. There are least three 
different forms of PCD: Type I-nuclear or apoptotic, Type II-
autophagic, and Type III-cytoplasmic. The PCD pathways may also 
be activated by various insults, such as misfolded proteins, reactive 
oxygen and nitrogen species, mitochondrial-complex inhibition, 
calcium entry, excitotoxicity, trophic-factor withdrawal, and death-
receptor activation.

Neuronal loss is a relatively late event in the neurodegenerative 
process, and the neuronal death is preceded by early functional 
alterations like electrophysiological deficits and cellular-stress-
pathway activation, micro an atomical deficits such as neurite 
retraction and synapse loss, and somal atrophy [10]. The leading 
neurodegenerative disease, AD is characterized by loss of neurons 
and synapses in the cerebral cortex and certain subcortical areas. 
This loss results in gross atrophy of the affected regions, including 
degeneration in the temporal lobe and parietal lobe, and parts of 
the frontal cortex and cingulate gyrus [11].

The apoptosis is a form of PCD through extrinsic apoptotic 
pathways, when factors outside the cell activate cell surface death 
receptors, and intrinsic apoptotic pathways involving mitochondrial 
release of cytochrome c or endoplasmic reticulum malfunctions. 
Each of these finally lead to the activation of caspases (cysteine-
aspartic acid proteases), which are of two types of caspases: 
initiators and effectors. The initiator caspases cleave the inactive 
forms of effector caspases. The activated effectors, in turn, cleave 
cell proteins resulting in apoptotic initiation. These biochemical 
events lead to a characteristic damaged cell morphology and death 
[12].

The astrocytes are fundamental for homoeostasis, defense and 
regeneration. There are dynamic astrocyte-neuron interactions 
involving calcium signaling and sodium signaling following release 

of neurotransmitters [13]. There occurs loss of astroglial function 
and astroglial reactivity with age and contributes to the aging of 
the brain as well as neurodegenerative diseases. The physiological 
changes in astroglia with aging and neuro degeneration are 
heterogeneous. The astrocytes undergo degeneration and atrophy 
at the early stages of pathological progression as documented in AD 
animal models, which possibly alter the homeostatic reserve of the 
brain and contribute to early cognitive deficits [14].

 The line of demarcation between physiological and 
pathological cognitive changes is not clear. It is difficult to outline 
how much cognitive decline is purely the result of aging of an 
otherwise healthy brain. A disproportionate cognitive decline may 
not be because of physiological cognitive aging and the older adults 
in cognitive studies are likely to include people with undetected 
Alzheimer’s disease (AD), cerebral vascular dementia, and other 
neurodegenerative diseases. With physiological brain aging, there 
may occur build-up of a small neuronal protein fragment called 
amyloid beta. The studies suggest that amyloid plaques trigger the 
build-up of abnormal tau, which causes neuronal loss within brain 
cells in AD patients.

Morphological Alterations in Aging Brain

Cellular and sub-cellular alterations

There occur distinct morphological changes in brain with aging. 
These are progressive changes in the aging brain, though at individual 
level the rate and extent of changes is variable. Simultaneously, 
there are occurring changes in vasculature and white matter. In 
general, the aging is associated with several structural, biochemical, 
and functional alterations in the brain. These alterations may be 
associated several neuro cognitive changes differing in severity. In 
fact, there is considerable variability in the age at which cognitive 
abilities peak and decline throughout life [15].

The changes that may affect cognition and behavior occur at 
the molecular, intracellular, intercellular and neuronal tissue levels. 
Further, as suggested by the aging research animal models, there are 
distinct changes in the expression of genes at the neuronal level. In 
fact, aging is a major risk factor for the common neurodegenerative 
disorders, which include MCI, AD and PD.

Cerebral volume loss and ventriculomegaly

The various tissues in the brain differ in susceptibility to age-
induced changes [16]. As documented by the CT and MRI studies, 
with aging the cerebral ventricles expand (ventriculomegaly) and 
there occur regional decreases in cerebral volume [17]. Further, 
the regional volume reduction is not uniform; some brain regions 
shrink at a rate of up to 1% per year, whereas others remain 
relatively stable until late in the life. Thus, some areas such as the 
cingulate gyrus, and occipital cortex surrounding the calcarine 
sulcus are spared from the decrease in grey matter density. 
The proposed mechanisms of differential brain aging include 
neurotransmitter systems, stress and hormonal changes, micro 
vascular changes, calcium homeostasis, and demyelination [18]. In 
general, the volume of the brain declines with age at a rate of about 
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5% per decade after age 40 and rate of decline increases with age 
over 70 [19].

With the loss of cerebral volume there occurs thinning of the 
cortex. The MRI studies have noted a decrease in grey matter 
volume between adulthood and old age, whereas white matter 
volume increases from age 19-40, and declines thereafter [20]. The 
areas such as the insula and superior parietal gyri are especially 
vulnerable to age-related grey matter loss in older adults. Most of 
the decrease in grey matter density occurs in dorsal, frontal and 
parietal lobes on both interhemispheric and lateral brain surfaces.

 Aging related loss of grey matter density in the temporal cortex 
appears more predominantly in the left versus right hemisphere, 
involving cortical language areas. These anterior language cortices 
have been found to mature and decline earlier than the more 
posterior language cortices. The width of related sulcus also 
increases with age [21]. Further, there are sex differences in the loss 
of gyri and increase in sulci [22].

The white matter loss

The white matter declines with age and the myelin sheath 
deteriorates after around the age of 40 even in normal brain aging. 
The late myelinating regions of the frontal lobes are most affected by 
white matter lesions [23]. It has been suggested that leukoariosis or 
white matter lesions increase with age and may indicate subclinical 
ischemia. A study looking at cortical volume and white matter 
volume in subjects aged 50 to 81 years, documented an association 
between reduction in prefrontal cortical volume, increased sub-
cortical white matter lesions, and a decreased executive function 
with aging [24].

Age-related changes in neurons

The changes do not occur to the same extent in all brain regions. 
The temporal lobe, cerebellar vermis, cerebellar hemispheres, and 
hippocampus reduce in volume. The prefrontal cortex is most 
affected and the occipital least. Frontal and temporal lobes are most 
affected in men compared with the hippocampus and parietal lobes 
in women. The shrinking of the grey matter is frequently reported 
to stem from neuro degeneration or neuronal cell death [25].

There occur various region-specific changes in the morphology 
of neurons. The dendritic arbors and dendritic spines of cortical 
pyramidal neurons decrease in size and/or number in specific 
regions and layers of cortex as a result of aging [26]. There has been 
shown about 46% decrease in spine number and spine density 
in humans older than 50 compared with younger individuals. In 
animal research, the older monkeys show 50% loss in spines on 
the apical dendritic tufts of pyramidal cells in prefrontal cortex, 
compared with the young ones [27].

Compared to cerebral areas, the cerebellum is protected from 
aging effects. Thus, the cerebellum exhibits fewer neuropathological 
manifestations of age related deficits compared to other brain 
regions.

Loss of neural circuits and brain plasticity

The plasticity refers to the brain’s ability to change structure 
and reassign functions [28]. With aging there occur changes 
leading to plasticity deficits [29]. The age-related plasticity deficit 
has been related to age-induced alterations in calcium regulation 
[30]. It appears that the alterations in calcium regulation influence 
the neuronal ability to generate and propagate action potentials, 
which in turn affects the ability of the brain to modify its structure 
and reassign the functions [31]. Further, neurotransmitters 
like brain-derived neurotrophic factor (BDNF) and serotonin 
(5-hydroxytryptamine, 5-HT) appear to play a role in neuroplasticity 
[32].

The neural circuits of some areas of brain are more vulnerable 
to aging than others. Especially vulnerable neural circuits are the 
hippocampal and neocortical circuits. The age-related cognitive 
decline may in part be due to alterations at synaptic levels. The 
cognitive deficitalso appears to be due to physiological and 
biochemical factors such as changes in enzymatic activity, chemical 
messengers, or gene expression in cortical circuits [33].

Another factor to consider with regard to the aging brain, its 
plasticity and cognitive performance is the hormonal influence. 
The changes in sex hormones occur with aging, in women at 
menopause in and in men at andropause. Women also have higher 
prevalence of failing memory and a higher incidence of AD [34]. It 
has been noted that it may improve with estrogen therapy which 
increases dopaminergic responsivity [35] and may be protective 
in AD [36]. Growth hormone levels also decline with age and its 
supplementation appears to be associated with improvement in 
cognitive function [37].

Neurofibrillary tangles

An important difference between normal brain aging 
and pathological changes, is the presence and distribution of 
neurofibrillary tangles [38]. The neurofibrillary tangles are 
composed of paired helical filaments. In normal, non-pathological 
aging, the number of tangles in each affected tissues is relatively 
low and restricted to the olfactory nucleus, para-hippocampal 
gyrus, amygdala and entorhinal cortex. With normal aging, there 
is a small butgeneral increase in the density of tangles. Whereas, in 
the pathological brain aging, representing the neurodegenerative 
entity, neurofibrillary tangles are commonly found with amyloid 
plaques in AD patients.

Etiogenesis of Changes of the Aging Brain

Role of oxidative stress

The cognitive decline has been attributed to oxidative stress, 
cytokines, inflammatory reactions and neuronal degeneration, and 
changes in the cerebral microvasculature [39]. The Oxidative stress 
is the cumulative damage done by reactive oxygen species (ROS) or 
free radicals released fromvarious metabolic oxidation processes 
and inadequately neutralized by physiological antioxidant system 
(Figure 3). Compared to other tissues in the body, the brain is more 
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sensitive to oxidative damage and the increased oxidative stress has 
been linked with cognitive impairment. The difference in oxidative 
damage related to various lifestyle factors has been associated with 
individual differences in cognition impairment in healthy elderly 
people from mild cognitive impairment to severe decline and 
predisposition to neurodegenerative disorders [40]. 

Figure 3: Theories and Concepts of Neuro degeneration.

The main contributors for oxidative stress are protein and lipid 
oxidation, and oxidative reactions in nuclear and mitochondrial 
DNA. Oxidative stress can damage DNA replication and inhibit 
repair through various complex processes, including telomere 
shortening. As the telomere length is partly inheritable, it can be 
responsible for individual differences in the age of onset and extent 
of cognitive decline [41].

Genetic changes

The variation in the effects of aging among individuals can 
be attributed to both genetic and epigenetic factors. With aging, 
the brain shows a decline in cognitive function and alterations in 
gene expression. This modulation in gene expression may be due 
to oxidative DNA damage at promoter regions in the genome. 
Further, this has been endorsed by the research in animal models, 
which documents distinct changes in the expression of genes at the 
neuronal level with aging [42].

The DNA damage increasingly accumulates with age in the brain 
and includes the oxidized nucleoside 8-hydroxy-deoxy-guanosine 
(8-OHdG), single- and double-strand breaks, DNA-protein cross 
links and malondialdehyde (MDA) adducts [43]. MDA is a highly 
reactive compound and a marker for oxidative stress and a measure 
of free radical activity. It has been reported in animal studies that 
the young 4-day-old rats have about 3,000 single-strand breaks 
and 156 double-strand breaks per neuron, whereas in rats older 
than 2 years the level of damage is increased to about 7,400 single-
strand breaks and 600 double-strand breaks per neuron [44]. The 
mitochondrial changes with aging also affect neurons [45].

There are certain genes that are down-regulated over the age of 
40 and include GluR1 AMPA receptor subunit, NMDA R2A receptor 
subunit (involved in learning), subunits of the GABA-A receptor, 
calmodulin 1 and CAM kinase II alpha (genes involved in long-
term potentiation), and calcium signaling genes, synaptic plasticity 
genes, synaptic vesicle release and recycling genes. Whereas, 

certain genes which are upregulated include the genes associated 
with stress response and DNA repair. The transcriptional profiles 
of the human frontal cortex of individuals ranging from 26 to 
106 years of age have been studied. Lu identified of a set of genes 
whose expression was altered after age 40, and that the promoter 
sequences of these particular genes accumulated oxidative DNA 
damage, including 8-OHdG, with age. They concluded that DNA 
damage may reduce the expression of selectively vulnerable genes 
involved in learning, memory and neuronal survival, initiating a 
pattern of brain aging that starts early in life [46].

Neurosignaling and neurotransmitters

Counter-regulatory mechanisms: Neurotransmitters tend 
to regulate each other’s action and release. A mild imbalance in 
the mutual regulation has been linked to temperament variations 
in healthy people. Whereas, severe imbalances or disruptions in 
neurotransmitter systems have been associated with disorders 
like depression, insomnia, attention deficit hyperactivity disorder 
(ADHD), anxiety, memory loss, Parkinson’s disease etc. The chronic 
stress can be a contributor to neurotransmitter system changes. 
The genetics also plays a role in neurotransmitter activities.

A neuron transports information by a nerve impulse called 
the action potential. When an action potential arrives at the 
synapse’s presynaptic terminal button, it may stimulate release 
of neurotransmitters. These neurotransmitters are released into 
the synaptic cleft to bind onto the receptors of the postsynaptic 
membrane and influence another neuron, either in an inhibitory 
or excitatory way, with the probability that it will induce an action 
potential. Each neuron receives a multitude of excitatory and 
inhibitory signals every second. The type I (excitatory) synapses are 
typically located on the shafts or the spines of dendrites, whereas 
type II (inhibitory) synapses are typically located on a cell body.

Figure 4: The Brain Neurotransmitters..
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 Brain neurotransmitter systems: The aging process entails 
various biochemical changes in brain. The recent research has 
identified a number of neurotransmitters, as well as their receptors 
which exhibit alterations in various regions of the brain with the 
aging process.The major neurotransmitter systems include the 
noradrenaline (norepinephrine) system, the dopamine system, 
the serotonin system, and the cholinergic system, among others 
(Figure 4). The trace amines have a very significant effect on 
neurotransmission in monoamine pathways (i.e., dopamine, 
histamine, norepinephrine, and serotonin pathways) throughout 
the brain. The most prevalent transmitter in human brain is 
glutamate, which is excitatory at over 90% of the synapses. The next 
most prevalent neurotransmitter is Gamma-Aminobutyric Acid, or 
GABA, which is inhibitory at more than 90% of the synapses that 
do not use glutamate. In addition, there are over 50 neuroactive 
peptides e.g. β-endorphin. Certain other transmitters are used in 
fewer synapses, albeit they are important. 

A. Dopamine and Serotonin: The neurotransmitters most 
important with regard to aging are dopamine and serotonin. They 
appear to be responsible for the regulation of synaptic plasticity 
and neurogenesis in the adult brain [47]. The serotonin and BDNF 
levels also fall with aging. Another factor, monoamine oxidase, 
increases with age and may be responsible for excess liberation of 
free radicals that exceed the inherent antioxidant reserves [48].

B. Dopamine: Dopaminergic pathways regulate cognitive 
processes and behaviors such as arousal (wakefulness),aversion, 
cognitive control and working memory (co-regulated by 
norepinephrine), emotion and mood, motivation, motor function, 
positive reinforcement, reward (primary mediator), sexual arousal, 
orgasm, and refractory period (via neuroendocrine regulation). 
The dopamine functions in the brain include regulation of motor 
behavior, pleasures related to motivation and emotional arousal. It 
also plays a critical role in the reward system. Parkinson’s disease 
has been linked to low levels of dopamine and schizophrenia has 
been linked to high levels of dopamine.

There occur age-related changes in brain in dopamine synthesis, 
binding and receptors [49]. In normal human volunteers, positron 
emission tomography (PET) studies show a significant age-related 
decline in dopamine synthesis in the striatum and parastriatal 
regions [50]. Also, there is a significant age-related decrease in D1, 
D2 and D3 dopamine receptors [51]. 

Dopamine levels decline by about 10% per decade from early 
adulthood and have been associated with declines in cognitive and 
motor performance [52]. Possibly, the dopaminergic pathways 
between the frontal cortex and the striatum decline with increasing 
age, levels of dopamine decline, and synapses/receptors are 
reduced or binding to receptors is reduced. In fact, there occurs a 
general decrease in D-receptor density with age and a significant 
age-related decline in dopamine receptors in the anterior cingulate 
cortex, frontal cortex, lateral temporal cortex, hippocampus, medial 
temporal cortex, amygdala, medial thalamus and lateral thalamus. 
The dopamine deficiency with age is responsible for many 
neurological symptoms that increase in frequency with age, such 

as decreased arm swing and increased rigidity, and age-related 
changes in cognitive flexibility.

 Serotonin: Serotonergic pathways regulate cognitive processes 
and behaviors such as arousal (wakefulness), body temperature 
regulation, emotion and mood, potentially including aggression, 
feeding and energy homeostasis, sensory perception and have 
a minor role in reward response. Serotonin influences appetite, 
sleep, memory and learning, temperature, mood, behavior, 
muscle contraction, and function of the cardiovascular system and 
endocrine system.

Decrease in serotonin receptors and the serotonin transporter 
occur with age [53]. The PET studies in human subjects show 
that with age the number of theS1 receptors in the caudate 
nucleus, putamen and frontal cerebral cortex decrease. There is 
also a decreased binding capacity for serotonin transporter in 
the thalamus and midbrain [54]. Seroton in seems to have a role 
in depression and depressed patients have been found to have 
lower concentrations of the metabolites of serotonin in their 
cerebrospinal fluid and brain tissue.

C.  Norepinephrine and Epinephrine have focus on the central 
nervous system and regulate sleep patterns and alertness. 
Epinephrine takes part in controlling the adrenal glands and also 
plays a role in the fight-or-flight response.

The noradrenergic pathways regulate cognitive processes 
and behaviours such as anxiety, arousal (wakefulness), circadian 
rhythm, cognitive control and working memory (co-regulated by 
dopamine). They have a role in feeding and energy homeostasis, 
medullary control of respiration, negative emotional memory, 
nociception, and a minor role in reward-related response.

D.  Histamine: Histamine influences sleep, arousal, attention, 
processing of sensory information in the cerebral cortex, and 
important aspects of emotion including aggression and mood 
regulation. It is also involved in learning and memory, and in the 
regulation of feeding and energy balance. In the CNS, it works with 
specifically the hypothalamus (tuberomammillary nucleus) and 
CNS mast cells.

Figure 5: Neurotransmitters and the Stimulatory Effects.
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E. Acetylcholine: Acetylcholine, the first neurotransmitter 
discovered in the peripheral and central nervous systems, activates 
skeletal muscles in the somatic nervous system and may either 
excite or inhibit internal organs in the autonomic system (Figure 5). 
It is the transmitter at the neuromuscular junction connecting motor 
nerves to muscles. It acts in various regions of the brain through 
multiple types of receptors, including nicotinic and muscarinic 
receptors. Cholinergic pathways regulate cognitive processes 
and behaviors such as arousal (wakefulness), emotion and mood, 
learning, motor function, motivation, short-term memory and play 
a minor role in reward response. 

F.  Glutamate: Glutamate is used at the most fast excitatory 
synapses in the brain and spinal cord. It is also used at most 
synapses that are modifiable, i.e. capable of increasing or 
decreasing in strength. Modifiable synapses are thought to be the 
main memory-storage elements in the brain. Excessive glutamate 
release can over stimulate the brain and lead to excitotoxicity 
response causing cell death resulting in seizures or strokes. This 
excitotoxicity phenomenon has been implicated in certain chronic 
diseases including ischemic stroke, epilepsy, amyotrophic lateral 
sclerosis, AD, Huntington disease, and Parkinson’s disease.

Glutamate is another important neurotransmitter that tends to 
decrease with age [55]. The studies have shown that older subjects 
have a lower glutamate concentration in the motor cortex compared 
to younger subjects, and there occurs a significant decline with 
age, especially in parietal gray matter, basal ganglia and frontal 
white matter [56]. The parietal and basal ganglia regions are 
often affected in degenerative brain diseases and show decreased 
glutamate concentration and activity [57].

G.   Other neurotransmitter systems: GABA is used at the 
majority of fast inhibitory synapses in virtually every part of the 
brain, and many sedative and tranquilizing drugs act by enhancing 
the effects of GABA. Correspondingly, glycine is the inhibitory 
transmitter in the spinal cord at level of Renshaw cells. Aspartate is 
transmitter at climbing fibers. In addition, there are over 50 neuro 
active peptides, including β-endorphin and substance-P.

Vascular factors 

The white matter lesions (WML) have been related to increased 
cerebro vascular risk and a reduction in cerebral blood flow, 
cerebral reactivity and vascular density. They may also associated 
with further tissue changes in grey matter. The WML are found more 
in frontal rather than posterior brain regions. They seem to impair 
frontal lobe function regardless of their location [58]. Further, the 
WML increase with age and show levels of heritability and are 
common in the elderly even when asymptomatic. Associated with 
aging and related to blood pressure and vascular factors, other 
changes include strokes and small vessel disease. The research 
provides evidence that vascular factors contribute to cognitive 
dysfunction with aging.

 Further, the vascular dementia (VaD) is most frequent in 
the elderly amounting to about 15%-30%, second only to AD, 
which is found in about 40%-70% cases [59]. Risk factors to 

aging and development of VaD include hypertension, diabetes, 
hyperhomocysteinaemia, and a high cholesterol. The prevalence of 
dementia increases almost exponentially with increasing age with 
around 20% of those aged 80 affected rising to 40% of those aged 
90 [60].

Hormonal factors 

The failing sex hormones in men with andropause and in 
women at menopause, affect cognitive function with aging. The 
women have a higher incidence of AD [61]. The research suggests 
that estrogen therapy in women may increase dopaminergic 
responsivity [62]. The hormone replacement therapy (HRT) 
appears to play a protective role [63]. The growth hormone levels 
also decline with age. It may be associated with falling cognitive 
performance with age, though the evidence from research is not 
conclusive [64].

Hypothalamus inflammation and GnRH

A recent study suggests that the inflammation of the 
hypothalamus may be connected to the overall aging process. The 
activation of the protein complex NF-κB in mice studies, showed 
increased activation as mice test subjects aged. This activation 
not only affects aging, but also affects a hormone, gonadotropin-
releasing hormone (GnRH), which has shown certain anti-aging 
properties when injected into mice outside the hypothalamus, while 
it causes the opposite effect when injected into the hypothalamus 
[65]. 

Subclinical and Clinical Manifestations of Aging Brain

Neuropsychological changes

 As evident on the functional level, there occur changes in cognition 
and memory impairment due to changes in neurotransmitters and 
various receptors. Genetics, neurotransmitters, hormones and 
neuroplasticity all play a part in brain aging.

Changes in orientation: The deficit in orientation is an initial 
and common symptom of brain disease. The recent research 
suggests that normal aging is usually not associated with significant 
declines in orientation, a mild deficit, though, may be a part of 
normal aging [66].

Changes in attention: Many older adults suffer with a decline 
in attentional abilities. Since the human brain has limited attention 
span, people use their attention to zone in on specific stimuli and 
block out others. Studies have found that older adults have a more 
difficulty encoding and retrieving information when their attention 
is divided compared to younger adults. The same is true for the 
tasks of sustained attention. Further, the studies suggest that the 
sustained attention increases in early adulthood and then remains 
relatively stable, at least through the seventh decade of life [67]. 
It may decline afterwards. The attention may also be affected due 
to other factors like sensory deficits that impact older adults, for 
example, impaired hearing or vision [68].

Changes in memory: The memory functions, specifically those 
associated with the medial temporal lobeare susceptible to the age-
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related decline. The frontal lobes and frontal-striatal dopaminergic 
pathways are also affected with aging and manifest as memory loss 
[69]. With the cognitive impairment with aging memory function is 
commonly affected. But, there is a significant individual variation 
of effects of aging on frontal lobe neurons and memory deficit [70].

Memory can be episodic memory, semantic memory, procedural 
memory and working memory. The first two of these are important 
with regard to aging. Episodic memory is the form of memory in 
which information is stored with tags like where, when and how. 
Episodic memory performance declines from middle age onwards 
affecting the recall in normal aging. Semantic memory is the 
memory for meanings. It increases gradually from middle age to the 
young elderly but then declines in the very elderly. These changes 
occur because the very elderly have slower reaction times, lower 
attentional levels, slower processing speeds, detriments in sensory 
and or perceptual functions, or potentially a lesser ability to use 
strategies compared to younger elderly [71]. 

The actual level of brain activation, as shown in neuro imaging, 
may be related more directly to the levels of memory performance 
[72]. The increased symmetrical hemispheric activation occurring 
in the frontal lobes is accompanied with changes in memory 
performance and with the possible white matter changes [73]. But, 
other factors such as changes in

neurotransmitter or hormone levels are also important. 
Further, the white matter lesions in frontal lobe impair memory 
and other cognitive functions [74].

Changes in language: With aging, there occurs decline in 
the tasks related to word retrieval, comprehension of sentences, 
synthesis and production of sentences, affecting the totality of the 
verbal task [75]. The findings from the Nun Study also underlined 
the linguistic decline with aging [76].

Measures to Retard the Cognitive Aging

The inherent factors

Cognitive reserve: This is the individual ability to demonstrate 
few signs of cognitive decline with aging despite an aging brain. 
Studies of cognitive reserve link the specific biological, genetic 
and environmental factors that make one person susceptible to 
cognitive decline, and allow another to age more gracefully. In 
this context, in the Nun Study [76] the researchers concluded that 
the early idea density was a significant predictor of lower risk 
for developing AD in old age, whereas the lower idea density was 
associated with lower brain weight, more brain atrophy, and more 
neurofibrillary tangles.

Cholesteryl ester transfer protein (CETP): There are certain 
biomarkers identified as protective against the negative effects of 
aging. The cholesteryl ester transfer protein (CETP) gene plays an 
essential role in regulating cholesterol homeostasis, has been linked 
to prevention of cognitive decline and AD, and held a candidate 
susceptibility gene for late-onset Alzheimer’s disease (LOAD).

It has been documented that the valine CETP homozygotes but 
not heterozygotes have a relatively 51% less decline in memory 

compared to a control reference group. Some studies suggested 
that the CETP I405V polymorphism (rs5882) is associated with a 
slower rate of memory decline and a lower risk of incident dementia 
[77]. Whereas, using data from two ongoing epidemiologic clinical-
pathologic cohort studies of aging and dementia in the United 
States, the Religious Order Study and the Memory and Aging 
Project, another study suggests that the CETP I405V polymorphism 
was associated with a faster rather than a slower rate of decline in 
cognition over time, and an increased risk of incident AD. 

This finding was collaborated with data showing that the 
CETP I405V is associated with increased neuritic plaque density 
at autopsy [78]. Finally, a recent study supports for decreased 
rate of cognitive decline in carriers of the CETP I405V variant. It 
documented no CETP-association with the risk for AD or with 
the rate of decline of AD. The results suggest that the CETP I405V 
variant influences general cognitive function in a manner that is 
not directly related to AD pathogenesis [79]. Understanding the 
mechanism of association between CETP gene and cognitive decline 
and AD, may open up a future strategy by gene therapy.

The protective factors and measures

Certain factors and measures appears to delay the cognitive 
decline associated with the aging process. Some of these are specific, 
such as, high level of education, staying intellectually engaged in 
mental activities and maintaining social and friendship networks, 
and underline the importance of regular intellectual exercise. 
Whereas, others are non-specific and delay the aging process in 
general, like maintaining a healthy diet, including omega-3 fatty 
acids, and protective antioxidants.

In addition, a low to moderate alcohol intake may stimulate 
the areas related to cognitive function, such as prefrontal and 
hippocampus [80]. It appears to improve cognitive decline [81]. 
There is some inconclusive evidence that intake of small amounts of 
alcohol in earlier adult life is protective in later life against cognitive 
decline and dementia, and a tentative evidence that drinking a 
small amount of alcohol may decrease the risk of AD later in life 
[82]. However, a study concluded that findings suggest that, despite 
previous suggestions, moderate alcohol consumption does not 
protect older people from cognitive decline [83]. Further, it should 
be remembered that the elderly are the most sensitive to the toxic 
effects of alcohol on the brain as pointed out by a French study [84].

A regular physical exercise aiming for fitness in general is a 
measure to keep healthy, including cognitive health. It increases 
the executive functioning and reduces the aging-related expected 
decline of white and grey tissue density. At individual level, the 
healthy lifestyle that reduces cardiovascular risk, will also benefit 
the brain. Optimal medical care in this context, offers a protection 
in terms of cognitive decline with help of anti-hypertensives, 
antiplatelet, and lipid lowering agents.

Calorie restriction and CRAN

The calorie restriction (CR) is needed to be mentioned as a tool 
to prevent or slow down aging process and cognitive decline [85]. 
The concept of calorie restriction with adequate nutrition (CRAN) is 
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a further development in this context [86]. The studies from animal 
models seem to endorse it [87]. Work on the mechanisms of caloric 
restriction has given hope to the formulation of future drugs, that 
is, CRmimetics to increase the human lifespan by simulating the 
effects of calorie restriction 88].

The CR protects the brain against aging and neurodegeneration 
through increased activities of plasma membrane redox enzymes 
(PMRS) like NADH-ascorbate free radical reductase, NADH-
quinone oxidoreductase 1, NADH-ferrocyanide reductase, NADH-
coenzyme Q10 reductase, and NADH-cytochrome c reductase and 
antioxidants like α-tocopherol and coenzyme Q10. In a study, the 
age-related increases in PM lipid peroxidation, protein carbonyls, 
and nitrotyrosine were attenuated by CR, levels of PMRS enzyme 
activities were higher, and markers of oxidative stress were lower 
in cultured neuronal cells treated with CR serum compared with 
those treated with ad libitum serum [89].

CR has been shown to lower the rate of production of free 
radicals by mitochondria and to protect cells against oxidative 
stress [90]. CR appears to attenuate age-related deficits in brain 
function and protect neurons against dysfunction and apoptosis in 
animal models of neurodegenerative diseases. The mechanisms by 
which CR protects neurons may involve induction of the expression 
of neurotrophic factors, protein chaperones, and mitochondrial 
uncoupling proteins [91].

 The CR has been proven to reduce metabolic rate and oxidative 
stress, improves insulin sensitivity, and alters neuroendocrine and 
sympathetic nervous system function. Reduced metabolic rate is 
another possible explanation for the anti-aging effects of CR, with 
the consequent reduction in free radicals [92]. There are endocrine 
changes associated with short-term caloric deprivation (CR or 
starvation) have been described in rodent models [93]. Many of 
these alterations were described in studies in human volunteers 
documenting a drop in triiodothyronine, an increase in cortisol 
secretion, and a decrease in gonadal function, and the role of leptin, 
the GH-IGF-I axes, and the thyroid axes in altering markers of aging 
during prolonged CR [94].

Experimentally, CR has been applied to many species almost 
universally (with some notable exceptions such as the housefly), 
resulting in an increase in life span [95]. In the NHP, the Wisconsin 
study reported an increase in life span and health outcomes in the 
CR group [96]. The NIH National Institute on Aging 23 years study 
in rhesus monkeys reported only improved health outcomes and 
no impact on life span [97]. The CR in Human voluntary studies 
has been associated with longevity, and factors such as high 
insulin sensitivity that have been linked with beneficial effects of 
CR in animal models have also been associated with longevity in 
humans [98]. Finally, identifying the mechanisms that underlie life 
prolongation by CR may lead to development of CR mimetics. The 
health and longevity benefits of CR through CR mimetics such as 
pharmaceuticals and gene therapies are projected to be applied to 
wider human population [99].
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