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Abstract- Neurodegenerative diseases, such as
Alzheimer's disease (AD), Parkinson's disease (PD),
Huntington's disease (HD), and amyotrophic lateral
sclerosis (ALS), are characterized by progressive
neuronal loss and functional decline. The development of
neuroprotective strategies aims to prevent or slow this
neurodegeneration. This review discusses the current
pharmacological agents and their molecular targets for
neuroprotection in these diseases, focusing on
antioxidants, mitochondrial protectants, glutamate
receptor  antagonists, anti-inflammatory  agents,
neurotrophic  factors, cholinesterase inhibitors,
immunomodulatory therapies, autophagy modulators,
epigenetic modifiers, calcium channel blockers, stem cell
therapy, and gene therapy. Advances in clinical trials,
combination therapies, biomarker development, and
precision medicine are also explored.
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INTRODUCTION

Neurodegenerative diseases represent a significant
health burden due to their progressive nature and the
lack of effective treatments. These diseases, including
Alzheimer's disease (AD), Parkinson's disease (PD),
Huntington's disease (HD), and amyotrophic lateral
sclerosis (ALS), are characterized by the degeneration
of neurons and the subsequent loss of neural function.
Understanding the underlying mechanisms of
neurodegeneration is crucial for developing strategies
to protect neurons and preserve cognitive and motor
functions. This review provides an extensive overview
of pharmacological agents and their targets in
neuroprotection for neurodegenerative diseases [1].

PATHOPHYSIOLOGY OF
NEURODEGENERATIVE DISEASES

Neurodegenerative diseases involve a variety of
pathogenic processes that lead to neuronal damage and
death. Common mechanisms include protein
misfolding and aggregation, oxidative stress,
mitochondrial dysfunction, excitotoxicity,
neuroinflammation, and synaptic  dysfunction.
Addressing these mechanisms through
pharmacological interventions is essential for effective
neuroprotection [2].

PROTEIN MISFOLDING AND AGGREGATION

Protein misfolding and aggregation are key
pathological features of many neurodegenerative
diseases. For example, in Alzheimer's disease, the
accumulation of amyloid-beta (A) plaques and tau
tangles disrupts cellular homeostasis and leads to
neuronal death. Similarly, in Parkinson's disease, the
aggregation of alpha-synuclein forms Lewy bodies
that impair neuronal function. Therapeutic approaches
targeting these protein aggregates aim to enhance their
clearance or prevent their formation, with monoclonal
antibodies against AP being a prominent strategy in
AD research [3].

OXIDATIVE STRESS

Oxidative stress is a result of an imbalance between
the production of reactive oxygen species (ROS) and
the cell's antioxidant defenses. This imbalance leads to
damage to cellular components, including lipids,
proteins, and DNA. Neurodegenerative diseases often
involve elevated levels of oxidative stress,
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contributing to neuronal damage. Antioxidants that
neutralize ROS and drugs that enhance endogenous
antioxidant defenses are being investigated as
neuroprotective agents. For instance, vitamin E has
been studied for its potential to slow the progression
of AD, although clinical results have been mixed [4].

MITOCHONDRIAL DYSFUNCTION

Mitochondria are critical for energy production and
regulation of apoptosis. Dysfunctional mitochondria
contribute to the pathogenesis of neurodegenerative
diseases by impairing energy production, increasing
ROS production, and triggering apoptotic pathways.
Pharmacological interventions targeting
mitochondrial function aim to enhance energy
production, reduce oxidative stress, and prevent
apoptosis. Agents such as creatine, mitoQ, and
elamipretide have shown promise in preclinical
models of neurodegenerative diseases [5].

EXCITOTOXICITY

Excitotoxicity involves the pathological process by
which neurons are damaged and killed by excessive
stimulation by neurotransmitters such as glutamate.
Overactivation of glutamate receptors, particularly
NMDA receptors, leads to excessive calcium influx
and subsequent neuronal damage. Drugs that inhibit
glutamate receptors or modulate glutamate release are
potential neuroprotective agents. Memantine, an
NMDA receptor antagonist, is approved for the
treatment of moderate to severe AD and helps mitigate
excitotoxicity [6].

NEUROINFLAMMATION

Chronic neuroinflammation, driven by activated
microglia and astrocytes, contributes to the
progression of neurodegenerative diseases. The
inflammatory response exacerbates neuronal damage
through the release of pro-inflammatory cytokines,
ROS, and other cytotoxic substances. Anti-
inflammatory drugs and immunomodulatory agents
are being explored for their neuroprotective effects.
NSAIDs and corticosteroids have been investigated
for their ability to reduce neuroinflammation, although
results have been varied [7].

SYNAPTIC DYSFUNCTION

Synaptic loss and dysfunction are early events in
neurodegenerative diseases and are closely linked to
cognitive decline and other neurological symptoms.
Therapeutic strategies aim to restore synaptic function
and enhance synaptic plasticity. This includes the use
of neurotrophic factors, cholinesterase inhibitors, and
drugs that modulate synaptic signaling pathways. For
example, cholinesterase inhibitors are commonly used
to treat symptoms of AD by increasing acetylcholine
levels in the brain [8].

NEUROPROTECTIVE DRUGS AND THEIR
MECHANISMS

Various pharmacological agents have been
investigated for their neuroprotective effects. Here, we
discuss the major classes of neuroprotective drugs and
their mechanisms of action [9].

ANTIOXIDANTS

Antioxidants have been widely studied for their ability
to neutralize ROS and protect neurons from oxidative
damage. Common antioxidants include vitamin E,
coenzyme Q10, and N-acetylcysteine. These agents
have shown varying degrees of efficacy in preclinical
and clinical studies. For instance, vitamin E has been
investigated for its potential to slow the progression of
AD, but clinical trials have yielded mixed results.
Coenzyme Q10 has also shown neuroprotective effects
in models of PD and HD, although its clinical efficacy
remains uncertain [10].

MITOCHONDRIAL PROTECTANTS

Mitochondrial ~ protectants aim to  enhance
mitochondrial function, reduce oxidative stress, and
prevent apoptosis. Agents such as creatine, mitoQ, and
elamipretide have demonstrated neuroprotective
effects in various models of neurodegenerative
diseases. Creatine, for example, has been shown to
improve mitochondrial function and reduce oxidative
stress in animal models of PD and HD. Elamipretide,
a mitochondria-targeted peptide, has shown promise in
improving mitochondrial function and reducing
oxidative stress in preclinical studies [11].
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GLUTAMATE RECEPTOR ANTAGONISTS

Glutamate receptor antagonists aim to prevent
excitotoxicity by inhibiting the overactivation of
NMDA receptors. Memantine, an NMDA receptor
antagonist, is currently approved for the treatment of
moderate to severe AD. It works by blocking NMDA
receptors, thereby reducing excessive calcium influx
and preventing neuronal damage. Memantine has
shown modest neuroprotective effects in clinical
studies, providing symptomatic relief and potentially
slowing disease progression [12].

ANTI-INFLAMMATORY AGENTS

Anti-inflammatory ~ agents aim to  reduce
neuroinflammation and slow disease progression.
NSAIDs, corticosteroids, and drugs targeting specific
inflammatory pathways, such as TNF-alpha inhibitors,
have been explored for their neuroprotective potential.
For instance, studies have investigated the use of
NSAIDs to reduce the risk of developing AD, although
the results have been inconclusive. Targeting specific
inflammatory pathways with drugs such as TNF-alpha
inhibitors is an emerging approach that may offer more
precise neuroprotection [13].

NEUROTROPHIC FACTORS

Neurotrophic ~ factors, such as brain-derived
neurotrophic factor (BDNF) and glial cell line-derived
neurotrophic factor (GDNF), support neuronal
survival and function. Delivery of these factors or
drugs that enhance their expression are being
investigated for neuroprotection. For example, GDNF
has shown promise in preclinical models of PD, and
clinical trials are ongoing to evaluate its efficacy in
patients. BDNF has also been explored for its potential
to protect neurons and enhance synaptic plasticity in
neurodegenerative diseases [14].

CHOLINESTERASE INHIBITORS

Cholinesterase  inhibitors, such as donepezil,
rivastigmine, and galantamine, are approved for the
treatment of AD. These drugs increase acetylcholine
levels in the brain by inhibiting the enzyme
acetylcholinesterase, which breaks down

acetylcholine.  While they primarily provide
symptomatic relief, cholinesterase inhibitors have also
shown modest neuroprotective effects in clinical
studies. They help improve cognitive function and
delay the progression of symptoms in AD patients
[15].

IMMUNOMODULATORY THERAPIES

Immunotherapies targeting misfolded proteins, such as
amyloid-beta and alpha-synuclein, aim to enhance
their clearance through the immune system. These
approaches are being actively investigated in clinical
trials. For instance, monoclonal antibodies against
amyloid-beta have been developed to reduce amyloid
plaques in AD, with some agents showing promise in
early-phase trials. Immunomodulatory therapies hold
potential for modifying disease progression by
targeting the underlying pathogenic mechanisms [16].

EMERGING TARGETS FOR
NEUROPROTECTION

In addition to the established neuroprotective
strategies, several emerging targets are being explored
for their potential to protect neurons and alter disease
progression.

AUTOPHAGY MODULATORS

Autophagy is a cellular process that degrades and
recycles damaged organelles and proteins. Modulating
autophagy has shown promise in clearing protein
aggregates and protecting neurons. Drugs such as
rapamycin and trehalose are being explored for their
neuroprotective potential. For instance, rapamycin has
been shown to enhance autophagy and reduce the
accumulation of misfolded proteins in animal models
of AD and PD. Trehalose, a disaccharide, has also
been studied for its ability to induce autophagy and
protect neurons from protein aggregation [17].

EPIGENETIC MODIFIERS

Epigenetic changes, such as DNA methylation and
histone modification, play a role in the regulation of
gene expression in neurodegenerative diseases. Drugs
that modify epigenetic marks, such as histone
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deacetylase (HDAC) inhibitors, are being investigated
for their potential to protect neurons and alter disease
progression. For example, HDAC inhibitors have been
shown to improve cognitive function and reduce
neurodegeneration in animal models of AD [18].

CALCIUM CHANNEL BLOCKERS

Dysregulated calcium homeostasis contributes to
neuronal damage in neurodegenerative diseases.
Calcium channel blockers, such as nimodipine, are
being studied for their ability to protect neurons by
stabilizing intracellular calcium levels. Nimodipine
has shown neuroprotective effects in preclinical
models of stroke and AD [19].

STEM CELL THERAPY

Stem cell-based therapies aim to replace lost neurons
and support neuroprotection through the release of
trophic factors. Various types of stem cells, including
induced pluripotent stem cells (iPSCs) and
mesenchymal stem cells, are being explored in
preclinical and clinical studies. Stem cell therapy holds
promise for regenerating damaged neural tissue and
restoring function in neurodegenerative diseases [20].

GENE THERAPY

Gene therapy approaches aim to correct genetic
defects or modulate the expression of genes involved
in neurodegenerative diseases. Techniques such as
CRISPR/Cas9 and viral vector-mediated gene delivery
are being investigated for their potential to provide
long-lasting neuroprotection. Gene therapy has shown
promise in preclinical models of HD and PD, offering
hope for future therapeutic applications [21].

CLINICAL TRIALS AND FUTURE DIRECTIONS

Numerous clinical trials are underway to evaluate the
efficacy of neuroprotective agents in
neurodegenerative diseases. These trials aim to
validate preclinical findings and determine the safety
and efficacy of new therapies in patients.

COMBINATION THERAPIES

Given the multifactorial nature of neurodegenerative
diseases, combination therapies targeting multiple
pathogenic mechanisms are being explored. These
approaches may offer enhanced neuroprotection
compared to single-agent therapies. For example,
combining  antioxidants  with  mitochondrial
protectants or anti-inflammatory agents may provide
synergistic effects [22].

BIOMARKERS FOR NEUROPROTECTION

The identification of biomarkers that can predict
disease progression and response to therapy is critical
for the development of neuroprotective strategies.
Biomarkers such as imaging markers, cerebrospinal
fluid (CSF) biomarkers, and blood-based markers are
being investigated for their potential to guide clinical
decision-making. The use of biomarkers can enhance
the design of clinical trials and improve the monitoring
of therapeutic efficacy [23].

PRECISION MEDICINE

Advances in genetics and genomics are paving the way
for precision medicine approaches in
neurodegenerative diseases. By tailoring therapies
based on an individual's genetic makeup and disease
profile, precision medicine aims to improve the
efficacy of neuroprotective treatments. Personalized
approaches can optimize treatment outcomes and
minimize adverse effects [24].

CONCLUSION

The pharmacology of  neuroprotection in
neurodegenerative diseases is a rapidly evolving field.
Advances in our understanding of disease mechanisms
and the development of novel therapeutic targets hold
promise for improving outcomes in patients with these
devastating conditions. Continued research and
clinical trials are essential to validate new therapies
and bring effective neuroprotective agents to the
clinic.
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