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Molecular docking: a novel computational method
for comprehending the pharmacokinetics of proteins
related to Alzheimer’s and Parkinson’s disease

Abstract

Molecular docking is a computational technique widely used in modern drug discovery to
predict the interaction between small molecules and biological targets such as proteins. In
neurodegenerative disorders like Alzheimer’s disease and Parkinson’s disease, molecular
docking plays a significant role in identifying potential therapeutic compounds and
understanding disease mechanisms. These disorders are associated with abnormal protein
behavior and aggregation. In Alzheimer’s disease, proteins such as beta-amyloid and
tau form plaques and tangles that disrupt neuronal communication and lead to cognitive
decline. Molecular docking enables scientists to study how different molecules interact with
these target proteins and potentially inhibit harmful aggregation or modify protein function.
The technique uses three-dimensional structural information of proteins and ligands to
simulate binding interactions through specialized software. By calculating binding affinity
and interaction patterns, docking studies help prioritize compounds for laboratory testing,
reducing time and cost in the early stages of drug development. Furthermore, molecular
docking supports the design of more selective and effective drugs with fewer side effects.
Overall, molecular docking serves as a valuable tool in comprehending protein-related
mechanisms in Alzheimer’s and Parkinson’s diseases and contributes significantly to the
advancement of targeted therapies for neurodegenerative disorders. The current article
attempts to explore the pharmacokinetics of proteins and their clinical significance in
Alzheimer’s and Parkinson’s diseases through computational methods.
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Introduction

Neurodegenerative disorders constitute one of the greatest
biomedical and socioeconomic challenges of the twenty-first
century. These disorders are characterized by progressive neuronal
dysfunction, irreversible neuronal loss, synaptic degeneration, and
deterioration of cognitive and motor functions. Among the major
neurodegenerative diseases, Alzheimer’s disease (AD), Parkinson’s
disease, Huntington’s disease, amyotrophic lateral sclerosis, and
frontotemporal dementia collectively contribute toward increasing
global morbidity and mortality (Figure 1).!
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Figure | Neuronal organization.

Neurodegenerative diseases are a group of progressive disorders
characterized by the gradual loss of structure and function of neurons
in the brain and nervous system. Among these disorders, Parkinson’s

disease (PD) and Alzheimer’s disease (AD) are the most common and
extensively studied due to their increasing prevalence and significant
impact on global health. Both diseases mainly affect older adults
and lead to severe cognitive, behavioral, and motor impairments,
thereby reducing the quality of life of patients and placing a major
burden on caregivers and healthcare systems. Alzheimer’s disease is
the leading cause of dementia worldwide and is primarily associated
with progressive memory loss, impaired thinking, confusion, and
behavioral changes. The disease is characterized by the accumulation
of beta-amyloid plaques outside neurons and neurofibrillary tangles
formed by hyperphosphorylated tau proteins inside neurons.>

These abnormal protein aggregates disrupt neuronal
communication, trigger inflammation, and eventually lead to neuronal
death, particularly in regions of the brain associated with learning
and memory such as the hippocampus and cerebral cortex. Although
the exact cause of Alzheimer’s disease remains unclear, genetic,
environmental, and lifestyle factors are believed to contribute to
its development and progression. Parkinson’s disease is the second
most common neurodegenerative disorder and primarily affects
movement and motor coordination. It occurs due to the degeneration
of dopamine-producing neurons in the substantia nigra region of the
brain. The reduction in dopamine levels leads to symptoms such as
tremors, muscle rigidity, bradykinesia (slowness of movement), and
postural instability.’ In addition to motor symptoms, patients may
also experience cognitive decline, depression, sleep disturbances, and
autonomic dysfunction. A major pathological hallmark of Parkinson’s
disease is the accumulation of alpha-synuclein protein aggregates
known as Lewy bodies, which contribute to neuronal dysfunction and
degeneration.Recent advances in molecular biology, bioinformatics,

[ ][ iz es e
©2026 Kumar et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which

47

permits unrestricted use, distribution, and build upon your work non-commercially.


https://crossmark.crossref.org/dialog/?doi=10.15406/jmen.2026.14.00458&domain=pdf

Molecular docking: a novel computational method for comprehending the pharmacokinetics of proteins

related to Alzheimer’s and Parkinson’s disease

and computational chemistry have improved the understanding of
these diseases at the molecular level. Researchers are increasingly
focusing on protein interactions, aggregation mechanisms, and
therapeutic targets involved in AD and PD.

Techniques such as molecular docking, molecular dynamics
simulations, and structure-based drug design are widely employed to
identify potential drug candidates capable of interacting with disease-
related proteins. These computational approaches accelerate the
discovery of effective therapeutic agents and help in understanding
the molecular mechanisms underlying neurodegeneration.*
Despite extensive research, there is currently no complete cure for
Alzheimer’s or Parkinson’s disease. Existing treatments mainly
provide symptomatic relief rather than preventing disease progression.
Therefore, continuous research aimed at identifying novel therapeutic
targets and designing effective drugs is essential for combating these
debilitating neurological disorders.

Causes and risk factors of Parkinson’s disease and Al-
zheimer’s disease

The exact causes of Parkinson’s disease (PD) and Alzheimer’s
disease (AD) are not completely understood; however, researchers
believe that these disorders develop through a complex interaction
of genetic, environmental, biochemical, and lifestyle-related factors.
Both diseases are characterized by progressive neuronal degeneration
and abnormal protein accumulation in the brain, which ultimately
disrupt normal brain function.’

Causes of Alzheimer’s disease

Alzheimer’s disease is mainly associated with the abnormal
accumulation of beta-amyloid plaques and tau protein tangles
in the brain. These protein aggregates interfere with neuronal
communication, impair synaptic activity, and lead to neuronal death.
Several factors contribute to the development of AD:

i. Genetic factors: Certain genes are strongly linked with
Alzheimer’s disease. Mutations in genes such as APP, PSEN1,
and PSEN2 are associated with early-onset familial Alzheimer’s
disease. In late-onset AD, the APOE-e4 allele is considered a
major genetic risk factor.

ii. Aging: Increasing age is the most significant risk factor. The risk
of Alzheimer’s disease rises substantially after the age of 65 due
to gradual neuronal wear, oxidative stress, and reduced cellular
repair mechanisms.

iii. Oxidative stress and mitochondrial dysfunction: Excessive
production of reactive oxygen species (ROS) damages proteins,
lipids, and DNA in neurons, contributing to neurodegeneration.

iv. Neuroinflammation: Chronic activation of microglial cells and
inflammatory pathways in the brain may accelerate neuronal
damage and disease progression.

v. Lifestyle and environmental factors: Poor diet, lack of
physical activity, smoking, obesity, diabetes, hypertension, and
cardiovascular diseases are associated with increased risk of AD.

Causes of Parkinson’s disease

Parkinson’s disease primarily results from the degeneration of
dopamine-producing neurons in the substantia nigra region of the
brain.® The exact trigger for neuronal loss remains unclear, but several
contributing factors have been identified:
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i. Alpha-synuclein aggregation: Misfolding and aggregation
of alpha-synuclein proteins form Lewy bodies, which disrupt
neuronal function and contribute to cell death.

ii. Genetic mutations: Mutations in genes such as SNCA, LRRK2,
PARK2, PINK1, and DJ-1 have been linked to familial forms of
Parkinson’s disease.

iii. Environmental toxins: Exposure to pesticides, herbicides,
heavy metals, and industrial chemicals may increase the risk of
developing PD by inducing oxidative stress and mitochondrial
damage.

iv. Mitochondrial dysfunction: Impaired mitochondrial activity
reduces cellular energy production and increases oxidative
damage in neurons.

v. Aging and cellular stress: Aging reduces the brain’s ability
to eliminate damaged proteins and maintain neuronal health,
making older individuals more susceptible to Parkinson’s
disease.

Common mechanisms in both diseases

Both AD and PD share several pathological mechanisms,
including protein misfolding, oxidative stress, mitochondrial
dysfunction, neuroinflammation, and impaired protein clearance
systems. These overlapping molecular pathways are important areas
of research for developing targeted therapies and neuroprotective
drugs. Understanding the underlying causes and risk factors of these
diseases is essential for early diagnosis, prevention strategies, and the
development of effective therapeutic approaches aimed at slowing or
preventing neurodegeneration.

Alzheimer’s disease

Alzheimer’s disease (AD) is a chronic, progressive, irreversible,
and multifactorial neurodegenerative disorder characterized by
gradual deterioration of cognitive function, memory processing,
language ability, executive reasoning, emotional regulation,
behavioral responses, and social interaction. The disease represents
the most common cause of dementia globally and accounts for
approximately 60—70% of all dementia-associated cases. Alzheimer’s
disease primarily affects elderly populations; however, early-onset
familial forms of the disease may also occur due to inherited genetic
mutations involving amyloid precursor protein (APP), presenilin-1

(PSEN1), and presenilin-2 (PSEN2) genes (Figure 2).’
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Figure 2 Pathological Progression of Alzheimer’s Disease.’

Clinically, Alzheimer’s disease progresses through multiple
pathological stages beginning with mild cognitive impairment
followed by progressive memory dysfunction, impaired judgment,
reduced spatial orientation, language disturbances, personality
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alterations, emotional instability, and severe neurological disability.
Advanced disease stages result in complete dependence upon
caregivers, profound neuronal degeneration, systemic physiological
decline, and eventual mortality.

The disease exerts enormous socioeconomic and healthcare
burdens worldwide. Increasing global life expectancy, demographic
transition, urbanization, sedentary lifestyles, cardiovascular disorders,
metabolic syndromes, and environmental stressors have collectively
contributed toward the rapidly rising prevalence of Alzheimer’s
disease. Consequently, AD has evolved into a major public health
crisis requiring multidisciplinary biomedical intervention and
advanced therapeutic development.?®

characterized
intracellular

Histopathologically, Alzheimer’s disease 1is
by extracellular amyloid-beta plaque deposition,

neurofibrillary tangles composed of hyperphosphorylated tau
protein, oxidative stress, mitochondrial dysfunction, chronic
neuroinflammation, synaptic degeneration, neuronal apoptosis,

and extensive cerebral atrophy. Progressive degeneration of the
hippocampus, entorhinal cortex, temporal cortex, and cerebral cortex
contributes directly toward cognitive decline and memory impairment.

Despite decades of extensive scientific investigation, currently
available pharmacological interventions remain largely symptomatic
and fail to completely prevent or reverse neurodegenerative
progression. Existing therapeutic agents temporarily improve
cognitive performance but possess limited disease-modifying
capability. Therefore, identification of safer, multifunctional, and
mechanistically advanced neurotherapeutic agents remains one of
the most important priorities in modern neuropharmacology and
computational medicinal chemistry.’

The disease exerts enormous socioeconomic and healthcare
burdens worldwide. Increasing global life expectancy, demographic
transition, urbanization, sedentary lifestyles, cardiovascular disorders,
metabolic syndromes, and environmental stressors have collectively
contributed toward the rapidly rising prevalence of Alzheimer’s
disease. Consequently, AD has evolved into a major public health
crisis requiring multidisciplinary biomedical intervention and
advanced therapeutic development.

characterized
intracellular

Histopathologically, Alzheimer’s disease 1is
by extracellular amyloid-beta plaque deposition,

neurofibrillary tangles composed of hyperphosphorylated tau
protein, oxidative stress, mitochondrial dysfunction, chronic
neuroinflammation, synaptic degeneration, neuronal apoptosis,

and extensive cerebral atrophy. Progressive degeneration of the
hippocampus, entorhinal cortex, temporal cortex, and cerebral
cortex contributes directly toward cognitive decline and memory
impairment.'

Pathophysiology

Alzheimer’s disease and Parkinson’s disease are progressive
neurodegenerative disorders characterized by the gradual loss of
structure and function of neurons in the brain. These diseases develop
through complex pathological mechanisms involving abnormal
protein accumulation, oxidative stress, mitochondrial dysfunction,
neuroinflammation, and neuronal cell death. Although both conditions
affect the nervous system, they differ in the regions of the brain
involved and the clinical symptoms they produce (Figure 3).
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Figure 3 Amyloid Plaques and Neurofibrillary Tangle Formation.

The pathophysiology of Alzheimer’s disease is primarily associated
with the accumulation of amyloid-beta peptides and tau proteins in the
brain. Amyloid precursor protein (APP) undergoes abnormal cleavage
by beta-secretase and gamma-secretase enzymes, resulting in the
formation of amyloid-beta plaques that accumulate extracellularly
between neurons. These plaques disrupt neuronal communication
and trigger inflammatory responses in the brain. At the same time,
tau proteins become hyperphosphorylated and form intracellular
neurofibrillary tangles, which impair the stability of microtubules
necessary for intracellular transport.'" The combined effect of amyloid
plaques and tau tangles leads to synaptic dysfunction, neuronal
degeneration, and progressive brain atrophy, particularly in regions
responsible for memory and cognition such as the hippocampus and
cerebral cortex.

In addition to protein aggregation, oxidative stress and
mitochondrial dysfunction play major roles in Alzheimer’s disease
progression. Increased production of reactive oxygen species damages
cellular components including lipids, proteins, and DNA, ultimately
contributing to neuronal death. Neuroinflammation caused by
activated microglial cells and astrocytes further accelerates neuronal
injury. Deficiency of neurotransmitters, especially acetylcholine, also
contributes to impaired memory and cognitive decline observed in
affected individuals.

The pathophysiology of Parkinson’s disease mainly involves the
degeneration of dopaminergic neurons in the substantia nigra pars
compacta, a region of the midbrain responsible for motor control. The
loss of these neurons leads to reduced dopamine levels in the basal
ganglia, disrupting the balance of excitatory and inhibitory signaling
pathways that regulate movement.'?

As dopamine deficiency progresses, patients develop characteristic
symptoms such as resting tremors, muscle rigidity, bradykinesia, and
postural instability. A major pathological hallmark of Parkinson’s
disease is the formation of Lewy bodies, which are intracellular
aggregates primarily composed of misfolded alpha-synuclein
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proteins. Abnormal accumulation of alpha-synuclein interferes
with neuronal function, synaptic transmission, and mitochondrial
activity, ultimately leading to neuronal apoptosis. Oxidative stress,
impaired protein degradation pathways, mitochondrial dysfunction,
and chronic neuroinflammation further contribute to the progression
of neuronal damage in Parkinson’s disease. Environmental toxins,
genetic mutations, and aging are also considered important factors
influencing disease development.'

Overall, the pathophysiology of Alzheimer’s and Parkinson’s
diseases involves multiple interconnected molecular and cellular
mechanisms that progressively damage neurons and impair brain
function. Understanding these pathological processes is essential for
identifying therapeutic targets and developing effective treatment
strategies aimed at slowing disease progression and improving the
quality of life of affected individuals.

Results

Retrieval, Validation, and Preparation of 4EY7 Human

Acetylcholinesteras (Table 1) (Figures 4-8).

Table | Key Differences Between Alzheimer’s and Parkinson’s

Feature Alzheimer’s Disease Parkinson’s Disease

Main symptom Memory/cognitive decline

Amyloid-beta & Tau

Motor dysfunction

Main protein a-synuclein

Cortical neuron
degeneration

Dopaminergic neuron

Main pathology loss

Key brain region Hippocampus/cortex Substantia nigra

Main

neurotransmitter Acetylcholine Dopamine
affected

Hallmark lesion Plaques & tangles Lewy bodies

Figure 4 Ribbon representation of 4EY7 human acetylcholinesterase
visualized using molecular graphics software showing secondary structural
organization.

Figure 5 Ramachandran plot analysis of the 4EY7 receptor structure
demonstrating acceptable stereochemical quality and structural stability.
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Figure 6 Pharmacophore mapping of the 4EY7 acetylcholinesterase active
site showing aromatic, hydrophobic, and hydrogen bond acceptor interaction
regions

Figure 7 Surface topology analysis of human acetylcholinesterase
demonstrating catalytic cavity accessibility and protein surface organization.

Figure 8 Three-dimensional receptor-ligand complex of Donepezil docked

within the catalytic cavity of 4EY7 human acetylcholinesterase.

Discussion

Both Alzheimer’s disease (AD) and Parkinson’s disease (PD) are
progressive neurodegenerative disorders associated with abnormal
protein aggregation, neuronal dysfunction, neuroinflammation,
mitochondrial injury, and selective neuronal death. Progressive
neurodegenerative disorder characterized by the degeneration
of dopaminergic neurons and accumulation of alpha-synuclein
aggregates within neuronal cells. Alpha-synuclein plays a central role
in Parkinson’s disease pathology through its abnormal misfolding,
aggregation, and formation of Lewy bodies, which contribute to
neuronal dysfunction, oxidative stress, mitochondrial damage,
and neuroinflammation. Due to its major involvement in disease
progression, alpha-synuclein has emerged as an important therapeutic
target for computational drug discovery studies.'*!?
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In the present investigation, molecular docking and
pharmacokinetic analysis were performed to evaluate the interaction
between alpha-synuclein protein (§BQV) and 2-Methylbutanoic acid
as a potential inhibitory compound. Human acetylcholinesterase
therefore continues to serve as an important molecular target for
symptomatic management of cognitive decline associated with
Alzheimer’s disease. In the present investigation, the crystal
structure 4EY7 of human acetylcholinesterase was selected because
of its high structural resolution, catalytic relevance, and suitability
for structure-based computational drug discovery investigations.
Structural validation studies demonstrated acceptable stereochemical
quality and receptor stability, thereby supporting the suitability of
the receptor model for docking analysis.'® The Ramachandran plot
confirmed that the majority of amino acid residues occupied favorable
conformational regions, indicating reliable backbone geometry and
minimal structural distortion. Pharmacophore mapping and active-site
analysis demonstrated that the catalytic gorge of acetylcholinesterase
possesses a highly organized aromatic cavity enriched with
hydrophobic and electrostatic interaction regions. These structural
features are critically important for stabilization of aromatic inhibitor
molecules within the active-site tunnel. Molecular docking analysis
demonstrated that Donepezil exhibited strong binding affinity toward
the 4EY7 receptor with a docking score of -8.438308 kcal/mol. The
obtained binding-energy value indicates favorable thermodynamic
interaction stability and efficient receptor accommodation within the
catalytic cavity.!” Comparable docking studies reported in previous
anti-Alzheimer computational investigations similarly demonstrated
strong inhibitory interaction of Donepezil with acetylcholinesterase
catalytic residues.

Protein-ligand interaction analysis revealed that Donepezil
interacted with several important aromatic and catalytic residues
including Tyr337, Phe338, Tyr124, Tyr341, and His447. Interaction
with His447 is particularly important because this residue forms part
of the catalytic triad responsible for acetylcholine hydrolysis. Such
interactions suggest that Donepezil effectively occupies the catalytic
gorge and interferes with enzymatic activity.'™! Aromatic residues
Tyr337 and Phe338 contributed toward hydrophobic and n-associated
stabilization of the ligand inside the aromatic gorge architecture.
These interactions are highly significant because aromatic gorge
stabilization represents one of the major mechanisms underlying
acetylcholinesterase inhibition. ADMET analysis demonstrated
favorable pharmacokinetic behavior of Donepezil including
excellent intestinal absorption, favorable membrane permeability,
and lipophilicity compatible with blood-brain barrier penetration.
Efficient CNS penetration is critically important for anti-Alzheimer
therapeutics because target receptors are localized within neuronal
tissues of the brain.*

The three-dimensional structure of alpha-synuclein retrieved
from the Protein Data Bank exhibited characteristic fibrillar
B-sheet-rich architecture commonly associated with amyloidogenic
neurodegenerative  proteins.  Structural  validation  through
Ramachandran plot analysis demonstrated that most amino acid
residues were located within energetically favorable conformational
regions, confirming acceptable stereochemical quality and structural
reliability of the receptor model. The predominance of p-sheet
conformations observed in the Ramachandran plot strongly supports
the pathological fibrillar organization of alpha-synuclein reported
in Parkinson’s disease. Similar observations have been reported in
previous structural studies where alpha-synuclein fibrils exhibited
extensive (-sheet stacking responsible for protein aggregation and
neuronal toxicity.?!??
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Molecular docking analysis performed using SwissDock and
CB-Dock platforms demonstrated measurable interaction between
alpha-synuclein and 2-Methylbutanoic acid. The docking affinity
score obtained during the study was approximately —2.547 kcal/
mol in SwissDock and —2.8 kcal/mol in CB-Dock analysis. These
docking scores indicate relatively weak to moderate binding affinity
between the ligand and the target protein. The comparatively lower
binding energy may be attributed to the small molecular size, limited
functional groups, and reduced intermolecular interaction capacity
of 2-Methylbutanoic acid. Nevertheless, the ligand demonstrated the
ability to occupy accessible binding regions present on the alpha-
synuclein fibrillar surface, indicating preliminary interaction potential
with aggregation-associated regions of the protein.23*

The docking analysis further revealed that the ligand formed
weak polar and hydrophobic interactions within the protein structure.
Although strong hydrogen bonding interactions were not extensively
observed, the ligand demonstrated surface accessibility toward
aggregation-prone regions of alpha-synuclein. This observation is
important because even weak molecular interactions may influence
fibrillar stability and aggregation kinetics in amyloidogenic
proteins.> Previous computational studies targeting alpha-synuclein
have similarly reported that small molecules with moderate binding
affinity may interfere with oligomer formation, fibrillization, or
aggregate propagation. Therefore, the present findings suggest that
2-Methylbutanoic acid may serve as a preliminary scaffold molecule
for further structural optimization and lead compound development.?®

The ADMET and pharmacokinetic analysis performed during
the study provided additional insights into the drug-likeness and
pharmacological suitability of the ligand. The ligand demonstrated high
intestinal absorption with a predicted absorption value of 92.454%,
indicating favorable oral bioavailability. The moderate LogP value
and acceptable water solubility suggest balanced hydrophilic and
lipophilic properties, which are important for membrane permeability
and systemic distribution.?’-*

Conclusion

Neurodegenerative disorders such as Alzheimer’s disease and
Parkinson’s disease continue to be major concerns in biomedical
research because of their complex pathology and progressive impact
on the nervous system. Alzheimer’s disease is primarily associated
with memory loss and cognitive decline caused by the accumulation
of amyloid-beta plaques and tau protein tangles, whereas Parkinson’s
disease is characterized by motor dysfunction linked to the degeneration
of dopaminergic neurons and the aggregation of alpha-synuclein
proteins. Understanding the molecular mechanisms involved in these
disorders is essential for developing effective therapeutic strategies
and improving patient outcomes. In recent years, molecular docking
has emerged as a valuable computational tool in studying the proteins
involved in Alzheimer’s and Parkinson’s diseases.”

Molecular docking helps researchers predict the interaction
between drug molecules and target proteins by analyzing binding
affinity, stability, and molecular orientation at the active site.
This approach plays a significant role in identifying potential drug
candidates that can inhibit abnormal protein aggregation or modulate
disease-related pathways. By simulating ligand—protein interactions,
molecular docking accelerates the drug discovery process while
reducing the time and cost associated with experimental screening
methods.”

Furthermore, molecular docking contributes significantly
to understanding the pharmacokinetic behavior of therapeutic
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compounds, including their absorption, distribution, metabolism,
excretion, and toxicity (ADMET) properties. Through computational
modeling, researchers can evaluate how effectively a drug molecule
interacts with proteins associated with neurodegenerative diseases
and predict its biological activity and safety profile. In Alzheimer’s
disease, docking studies often focus on proteins such as beta-
secretase (BACE1), acetylcholinesterase, and tau proteins, while in
Parkinson’s disease, targets commonly include monoamine oxidase-B
(MAO-B), alpha-synuclein, and dopamine receptors. These studies
provide valuable insights into the molecular basis of drug action and
help optimize compounds with improved efficacy and reduced side
effects.’

In conclusion, the integration of molecular docking techniques
into neurodegenerative disease research has greatly enhanced the
understanding of protein—ligand interactions and pharmacokinetic
properties in Alzheimer’s and Parkinson’s diseases. By enabling the
rapid screening and optimization of therapeutic compounds, molecular
docking supports the development of more targeted and effective
treatments. As advancements in computational biology and artificial
intelligence continue to evolve, molecular docking is expected to
play an increasingly important role in personalized medicine and the
discovery of novel therapies for neurodegenerative disorders.

Future scope

Molecular docking has emerged as one of the most influential
computational techniques in modern drug discovery, offering valuable
insights into protein—ligand interactions associated with complex
neurodegenerative disorders such as Alzheimer’s disease (AD) and
Parkinson’s disease (PD). As these diseases continue to impose a
significant global healthcare burden due to increasing life expectancy
and aging populations, the future scope of molecular docking in
understanding the pharmacokinetics and therapeutic targeting of
disease-associated proteins is exceptionally promising.’! Advances in
computational biology, artificial intelligence, structural bioinformatics,
and high-performance computing are expected to further enhance the
accuracy and applicability of molecular docking approaches, enabling
researchers to identify novel drug candidates and optimize existing
therapeutic interventions with unprecedented efficiency. One of the
major future directions of molecular docking lies in the integration
of dynamic protein behavior into docking simulations. Traditional
docking methods often rely on static protein structures, which may
not accurately represent the conformational flexibility exhibited by
proteins involved in Alzheimer’s and Parkinson’s diseases.*

Future developments are expected to incorporate enhanced
molecular dynamics simulations and ensemble docking techniques,
allowing researchers to capture multiple protein conformations and
better understand ligand-binding mechanisms. This advancement will
improve the prediction of binding affinities and facilitate the discovery
of compounds capable of interacting with transient or cryptic
binding sites that are often overlooked in conventional studies. Such
capabilities are particularly relevant for proteins such as amyloid-beta,
tau, alpha-synuclein, and leucine-rich repeat kinase 2 (LRRK?2), which
undergo significant structural alterations during disease progression.
The growing availability of experimentally resolved protein structures
and the emergence of highly accurate protein structure prediction
tools have opened new avenues for molecular docking applications.*
Future research is expected to leverage these structural databases
to investigate previously unexplored therapeutic targets implicated
in neurodegeneration. Computational docking can be employed to
screen vast libraries of natural products, synthetic compounds, and
repurposed drugs against newly identified protein targets, significantly
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accelerating the drug discovery process. Furthermore, advances in
cryo-electron microscopy and machine-learning-based structural
prediction methods will provide increasingly reliable protein models,
enabling docking studies even when experimental structures are
unavailable. This expanded structural knowledge will contribute to a
deeper understanding of the pharmacokinetic and pharmacodynamic
behavior of candidate molecules within the central nervous system.*
Another promising area involves the integration of molecular docking
with pharmacokinetic prediction platforms. Future drug development
strategies will increasingly combine docking studies with absorption,
distribution, metabolism, excretion, and toxicity (ADMET) analyses
to evaluate both target affinity and pharmacological suitability
simultaneously. Such integrated approaches can identify compounds
that not only bind effectively to disease-related proteins but also
possess favorable blood—brain barrier permeability, metabolic
stability, and reduced toxicity. This is particularly critical in
neurodegenerative diseases, where successful therapeutics must reach
adequate concentrations within the brain while minimizing systemic
side effects. The combination of docking and pharmacokinetic
modeling is expected to reduce drug attrition rates during clinical
development and improve the success of translational research.®

Artificial intelligence and machine learning are likely to
revolutionize the future landscape of molecular docking. Al-driven
algorithms can rapidly analyze massive datasets of protein structures,
ligand libraries, and binding interactions to predict highly probable
drug candidates. Deep learning models are already demonstrating the
ability to improve scoring functions, binding affinity predictions, and
virtual screening accuracy. In the coming years, the integration of Al
with molecular docking will facilitate automated drug design pipelines
capable of generating novel compounds specifically tailored for
Alzheimer’s and Parkinson’s disease targets. These intelligent systems
may significantly reduce the time and cost associated with traditional
drug discovery while increasing the likelihood of identifying effective
therapeutic molecules.*® Personalized medicine represents another
significant future application of molecular docking technologies.
Genetic variations among patients can influence protein structure,
drug metabolism, and therapeutic response. As genomic sequencing
becomes more accessible, molecular docking can be adapted to
evaluate patient-specific protein variants and predict individualized
drug responses. Such personalized computational analyses may
support precision medicine strategies, enabling clinicians to select
the most effective treatment for individual patients based on their
molecular profiles.’’

In Alzheimer’s and Parkinson’s diseases, where therapeutic
outcomes often vary considerably among patients, personalized
docking approaches could contribute to improved clinical efficacy
and reduced adverse effects. The future scope of molecular docking
also extends to multi-target drug discovery. Neurodegenerative
diseases are multifactorial disorders involving numerous
interconnected biological pathways. Rather than focusing on a single
protein target, future research is expected to emphasize the design
of compounds capable of modulating multiple disease-associated
proteins simultaneously. Molecular docking can facilitate the
identification of such multi-target ligands by evaluating interactions
across diverse protein networks. This strategy may prove particularly
beneficial in addressing the complex pathological mechanisms
underlying amyloid aggregation, tau hyperphosphorylation, oxidative
stress, mitochondrial dysfunction, neuroinflammation, and alpha-
synuclein accumulation.®® Multi-target therapeutics developed
through advanced docking methodologies could potentially offer
greater clinical benefits than conventional single-target drugs. Cloud
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computing and high-performance computational infrastructures are
expected to further expand the capabilities of molecular docking.
The increasing availability of powerful computing resources will
enable researchers to perform large-scale virtual screening campaigns
involving millions of compounds within relatively short timeframes.
These technological advancements will support collaborative research
initiatives across academic institutions, pharmaceutical companies,
and healthcare organizations worldwide. Additionally, cloud-based
platforms can democratize access to sophisticated docking tools,
allowing researchers from resource-limited settings to participate
in neurodegenerative disease research and contribute to global drug
discovery efforts.** Another important future direction involves the
incorporation of systems biology and network pharmacology into
molecular docking workflows. By integrating docking results with
biological pathway analyses, gene expression data, and protein
interaction networks, researchers can develop a more comprehensive
understanding of disease mechanisms. Such holistic approaches
may reveal novel therapeutic targets and uncover synergistic drug
combinations capable of modifying disease progression.

In Alzheimer’s and Parkinson’s diseases, where multiple molecular
processes contribute to neuronal degeneration, combining docking
with systems-level analyses could facilitate the development of more
effective and sustainable treatment strategies. The application of
molecular docking in natural product research also holds considerable
promise. Many plant-derived compounds possess neuroprotective,
antioxidant, anti-inflammatory, and anti-aggregation properties that
may be beneficial in treating neurodegenerative disorders.** Future
studies are likely to employ molecular docking extensively for the
screening and optimization of phytochemicals targeting Alzheimer’s
and Parkinson’s disease proteins. This approach may lead to the
identification of saferand more affordable therapeutic alternatives while
expanding the repertoire of bioactive compounds available for drug
development. The future of molecular docking in comprehending the
pharmacokinetics of proteins related to Alzheimer’s and Parkinson’s
diseases is characterized by remarkable opportunities for innovation
and scientific advancement. The integration of molecular docking
with artificial intelligence, molecular dynamics, pharmacokinetic
modeling, personalized medicine, systems biology, and large-scale
computational resources is expected to transform neurodegenerative
disease research. These developments will enhance our understanding
of protein—ligand interactions, accelerate the identification of novel
therapeutics, and support the development of more effective, safer,
and patient-specific treatment strategies.*!

As computational technologies continue to evolve, molecular
docking will remain a cornerstone of modern drug discovery,
contributing significantly to the fight against some of the most
challenging neurological disorders affecting humanity.

Acknowledgment

None.

Conflict of interests

The author declares no conflicts of interest.

References

1. Breijyeh Z, Karaman R. Comprehensive review on Alzheimer’s disease:
causes and treatment. Molecules. 2020;25(24):5789.

2. Kandel ER, Schwartz JH, Jessell TM. Principles of Neural Science. 5th
ed. McGraw—Hill; 2013.

20.

21.

22.

23.

24.

25.

26.

. Bloem BR, Okun MS, Klein C. Parkinson’s

Copyright:
©2026 Kumar etal. 33

. Hampel H, Hardy J, Blennow K, et al. The amyloid—f pathway in Alzhei-

mer’s disease. Mol Psychiatry. 2021;26(10):5481-5503.

. Purves D, Augustine GJ, Fitzpatrick D, et al. Neuroscience. 6th ed. Ox-

ford University Press; 2018.

. Long JM, Holtzman DM. Alzheimer disease: an update on pathobiology

and treatment strategies. Cell. 2019;179(2):312-339.

. Poewe W, Seppi K, Tanner CM, et al. Parkinson disease. Nat Rev Dis

Primers. 2017;3:17013.

. Knopman DS, Amieva H, Petersen RC, et al. Alzheimer disease. Nat Rev

Dis Primers. 2021;7(1):33.

. Kalia LV, Lang AE. Parkinson’s disease. Lancet. 2015;386(9996):896—

912.

disease. Lancet.

2021;397(10291):2284-2303.

. DeTure MA, Dickson DW. The neuropathological diagnosis of Alzhei-

mer’s disease. Mol Neurodegener. 2019;14(1):32.

. Busche MA, Hyman BT. Synergy between amyloid—f3 and tau in Alzhei-

mer’s disease. Nat Neurosci. 2020;23(10):1183-1193.

. Cummings J, Lee G, Ritter A, et al. Alzheimer’s disease drug develop-

ment pipeline. Alzheimers Dement (N Y). 2021;7(1):e12179.

. Dauer W, Przedborski S. Parkinson’s disease: Mechanisms and models.

Neuron. 2003;39(6):889-909.

. de Lau LML, Breteler MMB. Epidemiology of Parkinson’s disease. Lan-

cet Neurol. 2006;5(6):525-35.

. Dorsey ER, Constantinescu R, Thompson JP, et al. Projected number of

people with Parkinson disease in the most populous nations, 2005 through
2030. Neurology. 2007;68(5):384—6.

. Savelieff MG, Nam G, Kang J, et al. Development of multifunctional

molecules as potential therapeutic candidates for Alzheimer’s disease.
Chem Rev.2019;119(2):1221-1322.

. Lane CA, Hardy J, Schott JM. Alzheimer’s disease. Eur J Neurol.

2018;25(1):59-70.

. Anand P, Singh B. A review on cholinesterase inhibitors for Alzheimer’s

disease. Arch Pharm Res. 2019;42(4):297-312.

. Dorsey ER, Elbaz A, Nichols E, et al. Global, regional, and national bur-

den of Parkinson’s disease, 1990-2016. Lancet Neurol.2018;17(11):939—
53.

Polymeropoulos MH, Lavedan C, Leroy E, et al. Mutation in the alpha—
synuclein gene identified in families with Parkinson’s disease. Science.
1997;276(5321):2045-2047.

Ferreira—Vieira TH, Guimaraes IM, Silva FR, et al. Alzheimer’s disease:
targeting the cholinergic system. Curr Neuropharmacol. 2019;14(1):101—
115.

Panza F, Lozupone M, Logroscino G, et al. A critical appraisal of am-
yloid—p—targeting therapies for Alzheimer disease. Nat Rev Neurol.
2019;15(2):73-88.

Mullard A. Landmark Alzheimer’s drug approval confounds research
community. Nature. 2021;594(7863):309-310.

Querfurth HW, La Ferla FM. Alzheimer’s disease. N Engl J Med.
2019;362(4):329-344.

Valente EM, Abou-Sleiman PM, Caputo V, et al. Hereditary early—
onset Parkinson’s disease caused by mutations in PINKI. Science.
2004;304(5674):1158-60.

Kitada T, Asakawa S, Hattori N, et al. Mutations in the parkin gene cause
autosomal recessive juvenile parkinsonism. Nature. 1998;392(6676):605—
8.

Citation: Kumar AP, Kumar KV, Ranganathan V. Molecular docking: a novel computational method for comprehending the pharmacokinetics of proteins related
to Alzheimer’s and Parkinson’s disease. | Microbial Exp. 2026;14(1):47-54. DOI: 10.15406/jmen.2026.14.00458


https://doi.org/10.15406/jmen.2026.14.00458
https://pubmed.ncbi.nlm.nih.gov/33302541/
https://pubmed.ncbi.nlm.nih.gov/33302541/
https://neurology.mhmedical.com/Content.aspx?bookid=1049&sectionid=59138139
https://neurology.mhmedical.com/Content.aspx?bookid=1049&sectionid=59138139
https://pubmed.ncbi.nlm.nih.gov/34456336/
https://pubmed.ncbi.nlm.nih.gov/34456336/
https://www.scirp.org/reference/referencespapers?referenceid=2652873
https://www.scirp.org/reference/referencespapers?referenceid=2652873
https://pubmed.ncbi.nlm.nih.gov/31564456/
https://pubmed.ncbi.nlm.nih.gov/31564456/
https://pubmed.ncbi.nlm.nih.gov/28332488/
https://pubmed.ncbi.nlm.nih.gov/28332488/
https://pubmed.ncbi.nlm.nih.gov/33986301/
https://pubmed.ncbi.nlm.nih.gov/33986301/
https://pubmed.ncbi.nlm.nih.gov/25904081/
https://pubmed.ncbi.nlm.nih.gov/25904081/
https://pubmed.ncbi.nlm.nih.gov/33848468/
https://pubmed.ncbi.nlm.nih.gov/33848468/
https://pubmed.ncbi.nlm.nih.gov/31375134/
https://pubmed.ncbi.nlm.nih.gov/31375134/
https://pubmed.ncbi.nlm.nih.gov/32778792/
https://pubmed.ncbi.nlm.nih.gov/32778792/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9066743/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9066743/
https://pubmed.ncbi.nlm.nih.gov/12971891/
https://pubmed.ncbi.nlm.nih.gov/12971891/
https://pubmed.ncbi.nlm.nih.gov/16713924/
https://pubmed.ncbi.nlm.nih.gov/16713924/
https://pubmed.ncbi.nlm.nih.gov/17082464/
https://pubmed.ncbi.nlm.nih.gov/17082464/
https://pubmed.ncbi.nlm.nih.gov/17082464/
https://pubmed.ncbi.nlm.nih.gov/30095897/
https://pubmed.ncbi.nlm.nih.gov/30095897/
https://pubmed.ncbi.nlm.nih.gov/30095897/
https://www.google.com/aclk?sa=L&pf=1&ai=DChsSEwid28Cf-4CVAxV_m2YCHYE8AD4YACICCAEQABoCc20&co=1&ase=2&gclid=CjwKCAjwuanRBhBSEiwAY5y6V7CTglY5-0MtwLvK9LzOnphXJuzhXb510FHyFRCUd9c9J0APZW4MQBoCTiYQAvD_BwE&cid=CAASZuRoJCbddTuyTBxE3kL4QfUhSkv3K_wOPDRuSEDnTyz7g26CYwOGMkDieB9HQ1uTPaUEl1o0KYbXY9ahmBumqodYt0CFsXJ7t_qA7oBnCo8DmTAnUkzK5qUi4aFiNzmc1lUU0QphEA&cce=2&category=acrcp_v1_32&sig=AOD64_303EmXlkF5wHd6CkOjRwp-v26M_g&q&nis=4&adurl=https://www.neurologylive.com/insights?utm_medium%3Dpaid%26utm_source%3Dgoogle%26utm_campaign%3Daudience_dev_2026%26utm_content%3Dsearch%26gad_source%3D1%26gad_campaignid%3D23420021180%26gbraid%3D0AAAAApUXar6lIQ31fKUKvIAkpJY2Q12-P%26gclid%3DCjwKCAjwuanRBhBSEiwAY5y6V7CTglY5-0MtwLvK9LzOnphXJuzhXb510FHyFRCUd9c9J0APZW4MQBoCTiYQAvD_BwE&ved=2ahUKEwicsbWf-4CVAxWGxTgGHW5wHdkQ0Qx6BAgQEAE
https://www.google.com/aclk?sa=L&pf=1&ai=DChsSEwid28Cf-4CVAxV_m2YCHYE8AD4YACICCAEQABoCc20&co=1&ase=2&gclid=CjwKCAjwuanRBhBSEiwAY5y6V7CTglY5-0MtwLvK9LzOnphXJuzhXb510FHyFRCUd9c9J0APZW4MQBoCTiYQAvD_BwE&cid=CAASZuRoJCbddTuyTBxE3kL4QfUhSkv3K_wOPDRuSEDnTyz7g26CYwOGMkDieB9HQ1uTPaUEl1o0KYbXY9ahmBumqodYt0CFsXJ7t_qA7oBnCo8DmTAnUkzK5qUi4aFiNzmc1lUU0QphEA&cce=2&category=acrcp_v1_32&sig=AOD64_303EmXlkF5wHd6CkOjRwp-v26M_g&q&nis=4&adurl=https://www.neurologylive.com/insights?utm_medium%3Dpaid%26utm_source%3Dgoogle%26utm_campaign%3Daudience_dev_2026%26utm_content%3Dsearch%26gad_source%3D1%26gad_campaignid%3D23420021180%26gbraid%3D0AAAAApUXar6lIQ31fKUKvIAkpJY2Q12-P%26gclid%3DCjwKCAjwuanRBhBSEiwAY5y6V7CTglY5-0MtwLvK9LzOnphXJuzhXb510FHyFRCUd9c9J0APZW4MQBoCTiYQAvD_BwE&ved=2ahUKEwicsbWf-4CVAxWGxTgGHW5wHdkQ0Qx6BAgQEAE
https://pubmed.ncbi.nlm.nih.gov/23435942/
https://pubmed.ncbi.nlm.nih.gov/23435942/
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(18)30295-3/fulltext
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(18)30295-3/fulltext
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(18)30295-3/fulltext
https://pubmed.ncbi.nlm.nih.gov/9197268/
https://pubmed.ncbi.nlm.nih.gov/9197268/
https://pubmed.ncbi.nlm.nih.gov/9197268/
https://pubmed.ncbi.nlm.nih.gov/26813123/
https://pubmed.ncbi.nlm.nih.gov/26813123/
https://pubmed.ncbi.nlm.nih.gov/26813123/
https://pubmed.ncbi.nlm.nih.gov/30610216/
https://pubmed.ncbi.nlm.nih.gov/30610216/
https://pubmed.ncbi.nlm.nih.gov/30610216/
https://pubmed.ncbi.nlm.nih.gov/34103732/
https://pubmed.ncbi.nlm.nih.gov/34103732/
https://pubmed.ncbi.nlm.nih.gov/20107219/
https://pubmed.ncbi.nlm.nih.gov/20107219/
https://pubmed.ncbi.nlm.nih.gov/15087508/
https://pubmed.ncbi.nlm.nih.gov/15087508/
https://pubmed.ncbi.nlm.nih.gov/15087508/
https://pubmed.ncbi.nlm.nih.gov/9560156/
https://pubmed.ncbi.nlm.nih.gov/9560156/
https://pubmed.ncbi.nlm.nih.gov/9560156/

Molecular docking: a novel computational method for comprehending the pharmacokinetics of proteins

related to Alzheimer’s and Parkinson’s disease

217.

28.

29.

30.

31.

32.

33.

34.

Bonifati V, Rizzu P, van Baren MJ, et al. Mutations in the DJ-1 gene
associated with autosomal recessive early—onset parkinsonism. Science.
2003;299(5604):256-9.

Hampel H, O’Bryant SE, Castrillo JI, et al. Precision medicine: the gold-
en gate for detection, treatment and prevention of Alzheimer’s disease. J
Prev Alzheimers Dis. 2019;3(4):243-259.

Karran E, De Strooper B. The amyloid cascade hypothesis: are we poised
for success or failure? J Neurochem. 2022;139(S2):237-252.

Sharma K. Cholinesterase inhibitors as Alzheimer’s therapeutics. Mol
Med Rep. 2019;20(2):1479-1487.

Verma A, Waiker DK, Bhardwaj B, et al. The molecular mechanism, tar-
gets, and novel molecules in the treatment of Alzheimer’s disease. Bioorg
Chem. 2022;119:105562.

Ray WJ, Buggia—Prevot V. Novel targets for Alzheimer’s disease: A view
beyond amyloid. Annu Rev Med. 2021;72:15-28.

Seto M, Weiner RL, Dumitrescu L, et al. Protective genes and pathways
in Alzheimer’s disease: Moving towards precision interventions. Mol
Neurodegener. 2021;16(1):29.

Chowdhury MR, Karamveer K, Tiwary BK, et al. Integrated systems
pharmacology, molecular docking, and molecular dynamics simulations
investigation elucidating the therapeutic mechanisms of BHD in Alzhei-
mer’s disease treatment. Metab Brain Dis. 2024;40(1):8.

35.

36.

37.

38.

39.

40.

41.

Copyright:
©2026 Kumar et al. 4

Zu G, Sun K, Li L, et al. Mechanism of quercetin therapeutic targets for
Alzheimer disease and type 2 diabetes mellitus. Sci Rep. 2021;11:22959.

Wang Y, Zhang Y, Li J, et al. Advances in applying computer—aided drug
design for neurodegenerative diseases. Int J Mol Sci. 2021;22(9):4684.

Dolgacheva LP, Zinchenko VP, Goncharov NV. Molecular and cellular
interactions in pathogenesis of sporadic Parkinson disease. /nt J Mol Sci.
2022;23(21):13043.

Pang SYY, Lo RCN, Ho PWL, et al. LRRK2, GBA and their interaction
in the regulation of autophagy: Implications on therapeutics in Parkin-
son’s disease. Trans! Neurodegener. 2022;11(1):5.

Xiao B, Kuruvilla J, Tan EK. Mitophagy and reactive oxygen species in-
terplay in Parkinson’s disease. npj Parkinsons Dis. 2022;8:135.

Nandhini K, Kumar V, Rajasekaran R, et al. Pharmacotherapeutics and
molecular docking studies of alpha—synuclein modulators as promising
therapeutics for Parkinson’s disease. Biocell. 2022;46(12):2681-2694.

Zhang Y, Liu X, Wang H, et al. Computational strategies for drug discov-
ery in neurodegeneration: Targeting Alzheimer’s and Parkinson’s disease.
Curr Top Med Chem. 2026;26(4):1-22.

Citation: Kumar AP, Kumar KV, Ranganathan V. Molecular docking: a novel computational method for comprehending the pharmacokinetics of proteins related
to Alzheimer’s and Parkinson’s disease. | Microbial Exp. 2026;14(1):47-54. DOI: 10.15406/jmen.2026.14.00458


https://doi.org/10.15406/jmen.2026.14.00458
https://pubmed.ncbi.nlm.nih.gov/12446870/
https://pubmed.ncbi.nlm.nih.gov/12446870/
https://pubmed.ncbi.nlm.nih.gov/12446870/
https://pubmed.ncbi.nlm.nih.gov/28344933/
https://pubmed.ncbi.nlm.nih.gov/28344933/
https://pubmed.ncbi.nlm.nih.gov/28344933/
https://pubmed.ncbi.nlm.nih.gov/27255958/
https://pubmed.ncbi.nlm.nih.gov/27255958/
https://pubmed.ncbi.nlm.nih.gov/31257471/
https://pubmed.ncbi.nlm.nih.gov/31257471/
file:///D:/Gopi/2026/6.June-2026/12-6-2026/JMEN-14-00458/JMEN-26-RW-691_W/Verma%20A,%20Waiker%20DK,%20Bhardwaj%20B,%20et%20al.%20The%20molecular%20mechanism,%20targets,%20and%20novel%20molecules%20in%20the%20treatment%20of%20Alzheimer's%20disease.%20Bioorg%20Chem.%202022;119:105562.
file:///D:/Gopi/2026/6.June-2026/12-6-2026/JMEN-14-00458/JMEN-26-RW-691_W/Verma%20A,%20Waiker%20DK,%20Bhardwaj%20B,%20et%20al.%20The%20molecular%20mechanism,%20targets,%20and%20novel%20molecules%20in%20the%20treatment%20of%20Alzheimer's%20disease.%20Bioorg%20Chem.%202022;119:105562.
file:///D:/Gopi/2026/6.June-2026/12-6-2026/JMEN-14-00458/JMEN-26-RW-691_W/Verma%20A,%20Waiker%20DK,%20Bhardwaj%20B,%20et%20al.%20The%20molecular%20mechanism,%20targets,%20and%20novel%20molecules%20in%20the%20treatment%20of%20Alzheimer's%20disease.%20Bioorg%20Chem.%202022;119:105562.
https://pubmed.ncbi.nlm.nih.gov/32867590/
https://pubmed.ncbi.nlm.nih.gov/32867590/
https://pubmed.ncbi.nlm.nih.gov/33926499/
https://pubmed.ncbi.nlm.nih.gov/33926499/
https://pubmed.ncbi.nlm.nih.gov/33926499/
https://pubmed.ncbi.nlm.nih.gov/39556154/
https://pubmed.ncbi.nlm.nih.gov/39556154/
https://pubmed.ncbi.nlm.nih.gov/39556154/
https://pubmed.ncbi.nlm.nih.gov/39556154/
https://pubmed.ncbi.nlm.nih.gov/34824300/
https://pubmed.ncbi.nlm.nih.gov/34824300/
https://pubmed.ncbi.nlm.nih.gov/33925236/
https://pubmed.ncbi.nlm.nih.gov/33925236/
https://pubmed.ncbi.nlm.nih.gov/36361826/
https://pubmed.ncbi.nlm.nih.gov/36361826/
https://pubmed.ncbi.nlm.nih.gov/36361826/
https://pubmed.ncbi.nlm.nih.gov/35101134/
https://pubmed.ncbi.nlm.nih.gov/35101134/
https://pubmed.ncbi.nlm.nih.gov/35101134/
https://pubmed.ncbi.nlm.nih.gov/36257956/
https://pubmed.ncbi.nlm.nih.gov/36257956/
https://www.techscience.com/biocell/v46n12/49261/html
https://www.techscience.com/biocell/v46n12/49261/html
https://www.techscience.com/biocell/v46n12/49261/html
https://www.sciencedirect.com/science/article/pii/S1570180826001259
https://www.sciencedirect.com/science/article/pii/S1570180826001259
https://www.sciencedirect.com/science/article/pii/S1570180826001259

	_GoBack

