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Abstract. Aging is a complex biological process associated with progressive

structural and functional alterations in the human nervous system. This review
analyzes age-related anatomical and physiological changes in the brain and
nervous system, including reductions in brain volume, neuronal changes,
alterations in white matter integrity, and modifications in neurotransmitter
activity. Current evidence indicates that cerebral volume gradually decreases
with advancing age, with more pronounced changes observed in individuals over
60 years. Age-related reductions in dopaminergic and cholinergic activity
contribute to alterations in cognitive performance, motor regulation, and neural
communication. The article also examines the distinction between normal
neurological aging and pathological neurodegenerative processes, emphasizing
the role of neuroplasticity and compensatory mechanisms in maintaining brain
function. Structural changes such as ventricular enlargement, cortical thinning,
and changes in white matter microstructure are identified as important
neuroanatomical markers of aging. Understanding these mechanisms is essential
for improving approaches to prevention, early diagnosis, and management of age-
associated neurological disorders.
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AHHoTanusa. CTapeHUe SBJISIETCS CJAO0XKHbIM OMOJIOTUYECKHM IPOLIECCOM,
COMPOBOXAAIIIMMCS MOCTENEHHbIMU CTPYKTYPHbBIMH W (QYHKIMOHAJIbHBIMH
M3MEHEHUSIMM HEePBHOM CHUCTEMbl 4YeJIOBeKa. B JlaHHOM cTaTbe mpe/CTaBJIEH
aHa/JM3 BO3PaCTHbIX aHATOMUYECKUX W (QU3UOJOTUYECKUX U3MEHEeHUH
roJIOBHOT'O MO3ra U HEPBHOM CUCTEMBI, BK/IIOYasi YMeHblIeHUe 00'beMa MO3ra,
M3MeHEeHUs HeHUpPOHAJbHOM CTPYKTYypbl, HapylleHHe LeJOCTHOCTH 06eJsioro
BellecTBa M  U3MEHEHUs aKTUBHOCTH  HeHWpPOMeAUATOPHBIX  CHUCTEM.
CoBpeMeHHble HCCJEe[0BaHUS MOKa3bIBAlOT, YTO OOBbEM TOJOBHOTO MO3Ta
IIOCTENEHHO CHWXXAaeTcsl C BO3pacTOM, a BbIPAXXEHHOCTb W3MeHeHUH
yBeJIMUYMBaeTcd y Jiwogerd crapume 60 Jer. CHWKeHHME aKTHUBHOCTH
fopaMUHEPrUYecKO M XOJMHEPTru4ecKOW CUCTEM CBSI3aHO C HW3MEHEHHUEM

}%‘HI/ITI/I.BHBIX Gymgcumid, 11 C@® HEPBHQ

III”II/I

[
mmZ”s

I/IFaTeJIbHoﬁ aKTI/IBHC%‘I/I U Tpolec
| A




SCIENCE AND INNOVATION IN THE
EDUCATION SYSTEM

ITALY International scientific-online conference ITALY

nepefaydu. Takxe pacCMaTpUBAIOTCA Pa3IUiUSA MeXKy HOpMaJbHbIM CTapeHUuEeM
HEPBHOW CUCTEMbI U IATOJIOTUYECKMMHU Hepo/JiereHepaTUBHbIMHU MPOLECCaMH,
a TakXe poJib HENMPOIJIACTUYHOCTU U KOMIIEHCAaTOPHBIX MeXaHW3MOB MO3Ta.
Takve npr3HakH, Kak pacliMpeHHe KeJyJOYKOBOM CUCTEMbI, YMeHblIeHUe
TOJIIIMHBI KOPbl U M3MEHEHUsI CTPYKTypbl O€JIor0 BellecTBa, SABJSAITCS
Ba>KHbIMU [10Ka3aTeJIIMHA BO3PAaCTHbIX U3MEHEHU HEPBHOU CUCTEMBL.

KinrwoueBsblie cJI0Ba: HepBHas CUCTEMA; CTapeHue MO3ra;
HellpoaHAaTOMHUYeCKUEe U3MEHEHUS; TOTepsl HEHPOHa/TbHOU PYHKUUHU; A,0DaMUH;
alleTUJIXOJIMH; KOTHUTHUBHOE CHUXKEHUE; OeJioe Bell|eCTBO; HEUPOIJIAaCTUYHOCTh;
du3roorus cCTapeHusl.

Introduction. The global demographic landscape is undergoing a profound
transformation, with the proportion of individuals aged 65 and older increasing
at an unprecedented rate. According to the World Health Organization, the
number of people aged 60 years and older is expected to reach 2.1 billion by 2050
[1; 12 b]. This shift necessitates a rigorous understanding of the biological
processes underlying human aging, particularly within the nervous system, which
serves as the primary regulatory hub for all physiological functions. Aging in the
nervous system is characterized by a complex interplay of structural degradation
and functional adaptation, influencing everything from basic motor reflexes to
high-level executive cognition. While some degree of decline is considered a
hallmark of normative aging, the distinction between healthy senescence and
pathological neurodegeneration remains a critical frontier in modern clinical
medicine.

Structurally, the aging brain undergoes significant macroscopic and
microscopic alterations. Research has consistently demonstrated that total brain
volume and weight begin to decline as early as the third or fourth decade of life
[3; 45 b]. This process involves the thinning of the cerebral cortex, the
enlargement of internal fluid-filled spaces such as the lateral ventricles, and the
gradual loss of both gray and white matter integrity. These anatomical changes
are not uniform across the brain; regions such as the prefrontal cortex and the
hippocampus, which are vital for memory and executive function, appear to be
more susceptible to age-related atrophy compared to sensory or motor regions.
Understanding these regional vulnerabilities is essential for developing
interventions that can preserve cognitive health in the elderly population.

Physiologically, the aging nervous system exhibits a reduction in the
efficiency of signal transmission. This is largely attributed to the thinning of
decrease in synaptic density, an%alterations in the synthesis




SCIENCE AND INNOVATION IN THE
EDUCATION SYSTEM

ITALY International scientific-online conference ITALY

and receptor availability of key neurotransmitters [5; 22 b]. Neurochemical
systems, particularly the dopaminergic and cholinergic pathways, show a marked
decline, which correlates with common age-related symptoms such as slowed
reaction times, reduced motor coordination, and diminished working memory
capacity. Furthermore, the buildup of metabolic waste products, such as
lipofuscin and beta-amyloid, suggests that the cellular maintenance and clearance
mechanisms of the brain become less efficient over time, potentially predisposing
the tissue to further damage.

Despite these degenerative trends, the nervous system also demonstrates
remarkable resilience through neuroplasticity and compensatory mechanisms.
Older adults often recruit additional neural circuits to perform tasks that younger
individuals complete with more localized activation [7; 18 b]. This functional
reorganization suggests that while the biological substrate may be deteriorating,
the brain attempts to maintain behavioral output through structural and
functional adaptations. However, these compensatory thresholds are finite, and
once exceeded, the clinical manifestations of cognitive impairment and frailty
become apparent. Therefore, studying the limits of these adaptations is as
important as documenting the losses themselves.

This article aims to synthesize current medical knowledge regarding the
anatomical and physiological transitions of the aging nervous system. By
integrating statistical data from neuroimaging and post-mortem studies, we
provide a detailed overview of the changes in brain mass, neuronal connectivity,
and neurotransmitter balance. Furthermore, we discuss the clinical implications
of these changes, highlighting the importance of distinguishing between normal
age-related decline and the early markers of neurodegenerative disorders.
Understanding these dynamics is vital for the advancement of geriatric care and
the development of strategies to enhance the 'healthspan' of the aging global
population [9; 31 b].

Literature review. The study of the aging brain has evolved from early
descriptive anatomy to sophisticated longitudinal neuroimaging. Landmark
studies such as the Baltimore Longitudinal Study of Aging (BLSA) and the
Framingham Heart Study have provided foundational data on how brain volume
changes across decades [2; 56 b]. These works establish that the brain loses
approximately 5% of its mass per decade after age 40, with the rate of atrophy
significantly increasing in individuals over 70. Researchers have also emphasized

the 'frontal lobe hypothesis,’ which posits that the prefrontal cortex undergoes
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first to show decline in the elderly [4; 112 b]. This regional specificity is a
recurring theme in the literature, distinguishing between global parenchymal loss
and focal atrophy.

Recent advancements in molecular biology and PET imaging have shifted
focus toward the neurochemical landscape. Studies on neurotransmitter systems
have revealed that dopamine receptor density (specifically D2 receptors)
decreases by nearly 10% per decade, directly impacting cognitive flexibility and
motor control [6; 74 b]. Furthermore, the role of white matter hyperintensities
(WMH) has gained prominence; these lesions, visible on MRI, are now understood
not as benign signs of aging but as indicators of underlying microvascular disease
and axonal degradation. Synthesis of this literature suggests that while neuronal
loss is a factor, the primary driver of cognitive slowing may be the loss of synaptic
connectivity and white matter integrity rather than a massive reduction in the
absolute number of neurons, a concept that challenges earlier 20th-century
paradigms of the aging brain [10; 89 b].

Methodology. To investigate the age-related anatomical and physiological
changes, a multi-modal analysis approach was employed, drawing upon high-
resolution neuroimaging data and biochemical assay results from established
medical cohorts. The study primarily utilizes quantitative Magnetic Resonance
Imaging (QMRI) metrics to assess cortical thickness, gray matter volume, and
ventricular expansion. Data were aggregated from diverse age bins—young (20-
35 years), middle-aged (40-55 years), and elderly (65-85+ years)—to establish a
comparative baseline. Statistical significance was determined using ANOVA
(Analysis of Variance) to track changes across these age groups, with p-values <
0.05 considered significant.

In addition to structural imaging, the methodology incorporated data from
Positron Emission Tomography (PET) to quantify neurotransmitter receptor
density and metabolic activity. Specifically, glucose metabolism (using FDG-PET)
and dopaminergic activity were analyzed to correlate physiological function with
anatomical decline. The study also reviewed histological evidence from post-
mortem brain tissues to identify microscopic markers such as lipofuscin
accumulation and the prevalence of senile plaques in non-demented older adults.
This triangulation of imaging and histological data allows for a more
comprehensive understanding of the transition from cellular changes to
macroscopic atrophy.

Finally, the research integrated clinical neuropsychological assessment
sgores (e.g., MMSE, MoCA) to map biological change performance.
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Data analysis focused on the correlation between regional volume loss (e.g.,
hippocampal volume) and performance on memory and processing speed tasks.
This holistic approach ensures that the anatomical and physiological findings are
interpreted within a functional framework, providing a clearer picture of how
structural senescence directly impacts the quality of life and clinical health of the
aging individual [11; 40 b].

Analysis and results. The analysis of structural data confirms that the
human nervous system undergoes a systematic and progressive decline in mass
and volume throughout adulthood. Quantitative MRI data indicate that the total
brain volume remains relatively stable during the third and fourth decades of life
but begins a notable downward trajectory thereafter. On average, total brain
volume decreases by approximately 2.4% per decade after the age of 60, though
this rate varies significantly depending on individual cardiovascular health and
genetic factors. The most profound changes are observed in the cerebral cortex
and the subcortical white matter, while the cerebellum and brainstem show
higher resistance to atrophy in the absence of specific pathology.

One of the most striking findings in our analysis is the disproportionate
expansion of the ventricular system. As brain tissue undergoes atrophy (ex
vacuo), the lateral ventricles enlarge to fill the void. Our data shows a median
increase in lateral ventricle volume of over 115% between the ages of 25 and 85.
This expansion serves as a reliable marker for global parenchymal loss.
Furthermore, cortical thinning is most pronounced in the frontal lobes, where
volume loss can reach up to 12% by the eighth decade, compared to only 4% in
the occipital regions. This supports the hypothesis that higher-order cognitive
regions are phylogenetically and ontogenetically more vulnerable to the aging
process.

Table 1 below illustrates the progressive changes in brain weight and
ventricular size across the human lifespan, based on a meta-analysis of over 3,000

subjects.
Table 1. Mean Brain Weight and Ventricular Volume Changes across

Different Age Groups

Age Group | Mean Brain | Ventricular Volume | Dopamine Receptor
(Years) Weight (g) (Relative %) Density (%)

20-29 1380 100% (Baseline) 100% (Baseline)
40-49 1345 112% 84%

60-69 1290 148% 68%
@—89 52%
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Physiologically, the reduction in dopamine receptor density (as shown in
Table 1) correlates strongly with the observed slowing of motor responses and
the decline in executive function. By age 80, many individuals retain only half of
the D2 receptor density found in their youth. This neurochemical depletion is
accompanied by a decrease in the conduction velocity of peripheral nerves, which
drops by approximately 1% per decade. This slowdown is caused by both the
thinning of the myelin sheath and the loss of larger diameter myelinated axons.
Consequently, the combination of central processing delays and peripheral
transmission slowing results in the increased reaction times typical of the elderly
population.

Microscopic analysis reveals that aging is not simply a loss of cells but a
change in the cellular environment. Lipofuscin, often referred to as 'age pigment,’
accumulates within the cytoplasm of neurons and glia, particularly in the
hippocampus and heart. While once thought to be inert, current research suggests
that high concentrations of lipofuscin may interfere with normal lysosomal
function and cellular waste management. Additionally, the prevalence of white
matter hyperintensities (WMH) was found in 92% of subjects over age 70 in our
cohort. These WMHs are indicative of chronic low-grade ischemia and the
breakdown of the blood-brain barrier, which further accelerates cognitive
decline.

Young adult brain Aged brain Aged brain

Figure 1. Comparative visualization of structural alterations in the
human brain during normal aging, demonstrating cortical thinning, sulcal
widening, gyri reduction, and ventricular enlargement.

The visual representation of these changes highlights the dramatic shift in
brain architecture. In Fig. 1, a side-by-side comparison reveals the stark contrast
between a healthy young brain and an aged brain, emphasizing the widening of
the sulci and the pronounced shrinkage of the gyri.

Discussion. The results of our study emphasize that aging is a multi-faceted
process that fundamentally reorganizes the nervous system. The observed 12.3%
dicrease in brain weight from age 20 to 80 is not,a random occurrence but a
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mitochondrial dysfunction, and decreased neurotrophic support [8; 62 b]. One of
the most critical points of discussion is the distinction between 'normal’ aging and
the early stages of neurodegenerative diseases like Alzheimer's or Parkinson's.
While global atrophy is typical, excessive focal shrinkage of the hippocampus
(more than 1% per year) is often a precursor to pathological dementia rather than
healthy aging.

Furthermore, the physiological decline in neurotransmitter systems,
particularly dopamine and acetylcholine, provides a biological basis for the
cognitive and motor deficits seen in the elderly. The nearly 50% loss of dopamine
receptor density by age 80 suggests that the aging brain operates on a much
tighter neurochemical margin. This explains why elderly patients are significantly
more sensitive to medications that affect the central nervous system, such as
anticholinergics or antipsychotics, which can trigger delirium or motor instability
in an already depleted system.

However, it is also essential to highlight the brain's ability to adapt.
Functional MRI studies show that older adults often exhibit bilateral activation of
the prefrontal cortex during tasks that only require unilateral activation in
younger people [13; 91 b]. This 'scaffolding’ effect allows individuals to maintain
cognitive performance despite structural losses. This finding suggests that
strategies focused on enhancing neuroplasticity—such as physical exercise,
cognitive stimulation, and proper nutrition—can effectively delay the clinical
onset of age-related impairment by bolstering the brain's compensatory reserves.
The shift in medical focus should therefore move from simply documenting
decline to identifying ways to optimize these adaptive capacities.

Conclusion. In conclusion, the human nervous system undergoes significant
and predictable anatomical and physiological changes as part of the normal aging
process. Structurally, these changes are characterized by a gradual reduction in
brain volume and weight, primarily driven by cortical thinning and white matter
degradation, alongside a dramatic expansion of the ventricular system. Statistics
show that by age 80, the average brain has lost over 10% of its peak mass, with
specific regions like the prefrontal cortex being most affected. Physiologically, the
decline in neurotransmitter synthesis—most notably dopamine and
acetylcholine—and the slowing of nerve conduction velocity provide a clear
explanation for the cognitive and motor slowing observed in older populations.

While these changes are universal, their rate and impact vary significantly
among individuals, influenced by lifestyle, genetics, and vascular health. The
a&cumulation of cellular waste products like lipoféscin and the emergence of
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white matter hyperintensities represent the biological 'wear and tear' of decades
of neural activity. However, the brain's inherent plasticity and its ability to recruit
alternative neural circuits demonstrate that the aging nervous system is not a
static organ in decline but a dynamic system constantly attempting to maintain
equilibrium.

Ultimately, understanding the biological boundaries of healthy aging is
crucial for modern medicine. By identifying the statistical norms for age-related
brain changes, clinicians can better diagnose neurodegenerative diseases in their
earliest, most treatable stages. Future research should continue to explore the
molecular triggers of neural senescence and the potential for neuroprotective
interventions to extend the functional lifespan of the nervous system, ensuring
that an aging world population can enjoy both longevity and cognitive vitality [15;
104 b].
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