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ABSTRACT 

Neurological conditions are defined by the progressive degeneration of 

neurones in the brain as well as spinal cord, resulting in cognitive and 

movement deficits. These include Alzheimer's, Parkinson's, 

Huntington's, Amyotrophic Lateral Sclerosis, and Frontotemporal 

Dementia. Monogenic illnesses, such as HD and Spinal Muscular 

Atrophy (SMA), feature single-gene abnormalities, making gene 

therapy an appealing treatment option. Polygenic illnesses, such as 

Alzheimer's and Parkinson's disease, have complicated genetic and 

environmental variables that make therapy difficult. Advanced 

therapeutics like as genetic modification, stem cell transplantation, and 

exosome delivery have the potential to target NDDs'. Antioxidant 

therapy using stem cells aimed at oxidative stress and brain repair, as 

well as CRISPR/Cas9 interventions, are examples of advancements for 

Alzheimer's disease. Antioxidant chemicals, dopaminergic 

medications, and stem-cell-derived models treat neurodegeneration in Parkinson's disease. 

HD research focusses on astrocyte regeneration and gene-editing methods to reduce genetic 

mutations. Gene therapy for ALS and SMA uses adeno-associated carriers plus stem-cell-

derived exosomes to prevent motor neurone degeneration. While these developments provide 

optimism, issues about delivery efficacy, ethics, and long-term life prolonging of an 

individual. Additional studies and investigations are required to convert these promising 

therapeutics into efficient therapies for patients struggling with debilitating NDDs. 
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(HD), Amyotrophic lateral sclerosis (ALS), Spinal muscular atrophy (SMA), 

Neurodegenerative Disorders (NDDS). 

 

INTRODUCTION 

Most brain-related disorders are characterised by neurodegeneration as their principle 

pathophysiological change.
[1]

 Parkinson's disease (PD), Alzheimer's disease (AD), 

Huntington's disease (HD), amyotrophic lateral sclerosis (ALS), and frontotemporal dementia 

(FTD), Spinal muscular atrophy (SMA) are neurological illnesses that result in the gradual 

loss of neurones in the brain or spinal cord.
[2]

 The prognosis for these illnesses is usually poor 

and there is no cure, which results in increasing disability and a shorter life expectancy.
[3]

 

There are two types of genetically determined NDDs.
[4]

 Described below. 

 

Monogenic diseases: Mutations in a single gene create monogenic neurodegenerative 

disorders, which have a distinct, predictable pattern of inheritance and make gene therapy 

interventions easier to target. As opposed to polygenic illnesses, where several environmental 

and genetic factors both have a role in the development of disease, but monogenic disorders 

present special chances for treatment approaches that target the underlying genetic flaw 

directly. Both Huntington's disease (HD) and spinal muscular atrophy (SMA), two of the 

most researched monogenic neurodegenerative illnesses, have thoroughly described inherited 

reasons. Because of their severe clinical effects, the availability of reliable animal models, 

and the most recent developments in gene treatments, these conditions were selected as the 

main focus of this review.
[5-16] 

 

Polygenic diseases: Polygenic neurodegenerative illnesses are challenging to treat due to 

intricate interactions between genes and environmental variables. In contrast to monogenic 

disorders, polygenic disorders do not have distinct pattern of inheritance and may be caused 

by changes in multiple genes, each with a minor impact on susceptibility. Polygenic 

neurodegenerative illnesses, such as AD (Alzheimer's disease), PD (Parkinson's disease), and 

ALS (amyotrophic lateral sclerosis) are caused by a combination of hereditary and 

environmental factors. This review focused on illnesses with high prevalence, large societal 

effect, and advances in understanding genetic contributions, despite hurdles due to polygenic 

nature.
[17-37] 

 

 

Alzheimer’s Disease (AD) 
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Dementia is most commonly caused by Alzheimer's disease (AD).
[24]

 Death usually happens 

5–12 years after diagnosis, and memory loss and cognitive decline are linked to the buildup 

of hyperphosphorylated tau tangles with β-amyloid plaques.
[38] 

 

Traditional AD drugs 

 AChEIs : Rivastigmine , galantamine, Tacrine , donepezil 

 NMDA receptor antagonists: memantine.
[39]

 

 

Table 1. Pipeline drugs for AD.
[40]

 

Substance Therapeutic use Targeted site Action 
Commencing 

 Date 

Estimated 

completion 

date 

ACP-204 

Symptom of 

neurological 

psychology 

Receptors for 

Neurotransmitters 

Serotonin receptor 

subtype 2A is an inverse 

agonist and a selective 

Antagonist of 5- 

hydroxytryptamine. 

Nov 2023 Jan 2028 

AR1001 
Small molecules 

that alter disease 

Neurotransmitter 

receptors 

In animal models of AD, 

a PDE5 inhibitor lowers 

inflammation and 

amyloid formation. 

Dec 2022 Dec 2025 

Donanemab 
Disease- modifying 

biologic 
Amyloid beta 

Pyroglutamate plaque 

Anti- amyloid 

monoclonal antibody 

related to amyloid 

Oct 2022 Apr 2027 

E2814 
Disease- modifying 

biologic 
Tau 

Anti-tau monoclonal 

antibody 
Dec 2012 Oct 2027 

Gantenerumab 
Minormolecules 

that alter disease 
Amyloid beta 

Anti-amyloid monoclonal 

antibody 
Dec 2012 Oct 2027 

ABBV-916 
Novel molecules 

that impact disease 
Amyloid beta Anti-amyloid antibody Aug 2022 Jan 2030 

ALZN002 
Tiny particles that 

affect disease 
Amyloid beta 

Autologous Dendritic 

Cells Pulsed by Beta- 

Amyloid Mutant 

Peptides 

Jul 2023 Mar 2028 

 

Stem cell Therapy: Stem cells are a type of cell that may differentiate in multiple directions 

and self-renew. They come from a variety of tissues, including the placenta, adipose tissue, and 

tooth pulp. They may be applied to a number of beneficial purposes, including the regeneration 

of tissues and organs and the treatment of illnesses, particularly serious ones. The development 

of human cellular models produced from patients is a vital use of regenerative cells in AD 

research. These include assembled spheroids and organoids, which are representations of 

several cells composed of brain cells. These models can be used to assess novel genetic 
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engineering and genome editing approaches to decipher the pathophysiology of AD as well as 

the effects of genetic, chemical, and environmental variables.
[41] 

 

Table 2. Exosomes produced from stem cells for the treatment of AD. 

AD strategy 

EV culture or 

medication 

administratio

n technique 

Duration Results at the molecular level 

produced pups by crossing WT 

male C57BL/6 mice with 

female APP/PS1 mice. 

Injection into 

the tail vein 
4 months 

SphK1 and S1P1 appearance was 

markedly elevated; the Morris 

water maze experiment showed 

that the APP/PS1 + exosome 

group had a significantly shorter 

escape latency; and the mouse 

brain and 

hippocampus   (DG   region) 

   
showed markedly elevated 

NeuN expression.
[43]

 

6-week-old male C57BL/6 mice 

and 9-month-old female 

APP/PS1 mice 

Intranasal drug 

delivery 
2 weeks 

Enkephalin, neuroplasmin, and 

eIF5A were among the proteins in 

EV that stimulated synaptic 

development; BAD was 

deregulated and PCLO, TENM1,  

and  NEXMIF  were 

upregulated.
[44]

 

Aβ is given bilaterally to 7–8- 

week-old C57BL/6 mice in 

the dentate gyrus. 

Intracortical 

injection 

2 weeks 

And 28 

days 

Increased cell immune response 

and improved SVZ 

regeneration.
[45]

 

APPswe /PS1dE9 AD mice 
Intracortical 

injection 

25 days/mo 

nth 

reduced expression levels of 

Alix AGO2, HSP70, TSG101, 

CD63, and CD9; less Smi31-32 

positive regions surrounding ThT-

positive plaques.
[46]

 

 

Gene Therapy 

Application of CRISPR/Cas9 in Alzheimer’s disease: The application of CRISPR/Cas9 

technology is becoming more and more common in AD research. The CRISPR/Cas9 system's 

effectiveness in correcting mutations linked to cancer has a lot of evidence. The application of 

the CRISPR/Cas9 system has been broadened from AD assessment to therapy with the same 

idea in mind. The development of illness models, the detection of mutated genes by 

examination and the application of focused gene therapy treatments currently make extensive 

use of this technology.
[47]

 

 

Table 3. Alzheimer's disease interventional research using CRISPR/Cas9. 
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Pires et al.
[48]

 PSEN1 
Induced transgenic stem cell line with 

gene correction generation through 

  
substitution of the wild-type sequence 

for the point mutation 

Sun et al.
[49]

 PSEN1 

When N2a cells' PSEN1 genes break 

down, the γ-secretase background that is 

naturally present. 

Konstantinidis et al.
[50]

 PSEN1 
disturbance of human cells' PSEN1 allele, 

which lowers extracellular Aβ42/40 ratios 

Ortiz-Virumbrales et al.
[51]

 PSEN1 

Reversing the PSEN2 point mutation in 

generated mesenchymal stem cell- 

derived basal frontal lobe sensory neurons 

will restore the electrophysiological 

defect. 

György et al.
[52]

 APP 
Fibroblasts' decreased Aβ levels following 

the removal of Swedish APP mutations 

Guyon et al.
[53]

 APP 

decrease of Aβ peptide accumulation in 

HEK293T cells with the insertion of the 

A673T mutation 

 

Parkinson’s disease (PD)
[54]

 

About 30 million people worldwide suffer from Parkinson's disease (PD), the second most 

prevalent neurological illness. It impacts the elderly and results in significant disability and 

suffering, much like Alzheimer's disease (AD). 

 

Pipeline drugs for PD: As of January 31 2024, 136 Phase 1–3 trials were currently 

underway assessing medication treatments for PD listed on ClinicalTrials.gov that satisfied 

selection requirements. Since some the website Clinical Trials lacks listings of clinical studies 

this data set is not an exhaustive list of trials that are now underway. 

Table 4. Pipeline drugs for PD. 

 Phase1 Phase 2 Phase3 The sum 

ST 19 44 13 76 

DMT 22 35 3 60 

The sum 41 79 16 136 

 

Table 5. Antioxidant Therapy.
[55-56]

 

Treatment  with 

Antioxidants 
Mechanisms of Protection 

Result of Protective 

Mechanisms 

Quercetin 
↓IFNγ, ↓IL6, ↓IL-1β, ↓TNFα, ↑SOD, 

↑GSH 

↓DNA oxidation, ↓Lipid 

peroxidation, ↓protein 

carbonylation, ↓α-synuclein 

Curcumin ↑GSH, ↑LC3-II, ↑SIRT1, ↑SOD 

↑cell  viability,  ↓αsynuclein, 

↓lipid peroxidation, ↓DNA 

oxidation 
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Metal chelators 
↑SOD, ↑catalase, ↓iron in the CNS and 

periphery 

↑cell viability, ↓ Caspase 

activation, ↑TH, ↑Bcl-2 

VA, TFA+ PCA 
↑SOD, ↑Fox03a, ↑catalase,↑SIRT1, 

↑PGC1α, ↑Nrf2 
↑cell viability, ↓ROS, ↑Bcl-2 

Sinapic acid ↑PGC1α, ↑Nrf2, ↑SOD, ↑catalase 

↑cell viability, ↓ Caspase 

activation, ↓ROS, ↓DNA 

oxidation 

17β-Estradiol 
↑SIRT1, ↑PGC1α, ↑Nrf2, ↑Fox03a, 

↓IL-1β, ↓TNFα 

↓DNA oxidation, ↓ROS, ↓Glia 

activation, ↓Aβ 

Vitamin A ↑α-synuclein, ↑Aβ, ↑pTau ↑cell viability 

 

Stem cell Therapy: Research on Parkinson's disease has undergone a revolution thanks to 

stem cell-based disease models. These models offer a platform for researching the disorder 

underlying mechanisms which aid in the creation of new drugs. For example, the success of 

Cooper et al.
[57]

 fully developed hESCs into mDA neurones, demonstrating that a possible 

contributing cause to Parkinson's disease pathogenesis is deregulation of the WNT signalling 

pathway. Using hESC-derived mDA neurones, Byers et al.
[58]

 illustrated the role of endoplas 

and the unfolded protein response. These studies demonstrate how well hESC-based models 

work to investigate disease causes and find new therapeutic targets. HiPSCs have been used to 

imitate Parkinson's disease (PD) with a noticeable increase in recent years. An important 

focus in the field of hiPSC models is the investigation of α-syn (SNCA) mutations and gene 

multiplications linked to Parkinson's disease. Particularly, mDA neurones generated from 

hiPSCs from people with SNCA mutations showed increased α-syn levels and the detrimental 

effects that followed including ER stress and oxidative stress.
[59-62]

 Moreover, in hiPSC-

derived DA neurones, α-syn oligomers have been found to interfere with axonal transport, 

mitochondrial activity, and synaptic connection.
[63,64] 

 

Table 6. Gene Therapy. 

Gene Phenotype in DA neurons Treatment Effect of treatment 

SNCA 

Mitochondrial malfunction, 

increased protein nitration 

and intraneuronal nitric 

oxide 

Isoxazole 

(which 

activates 

MEFC2) and 

L-NAME (an 

inhibitor of 

nitric oxide 

synthase) 

Increased MEFC2 activity and 

decreased nitric oxide.
[65]

 

SNCA 
elevated levels of α- 

synuclein 

Stearoyl CoA 

desaturase 

decreased α-synuclein 

levels.
[66]

 

SNCA, GBA, 

PARK9 

Reduced neuronal vitality, 

Amyloidogenic α- 
NCGC758 

Improved GCase activity and 

reduced α-synuclein levels.
[67]

 

 synuclein, and α- synuclein   
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accumulation 

GBA-84GG, 

LRRK2, DJ-1, 

PARKIN 

ER stress, lysosomal and 

autophagic disruption, and 

Extracellular α- synuclein 

S-181 

Increased WT GBA activity 

restored lysosomal activity, 

decreased α-synuclein, oxidized 

dopamine, and 

glucosylceramide buildup.
[68]

 

PARKIN 
Microtubules with defects in 

the ubiquitin system 
Taxol 

Normalized  morphology of 

Neurons stabilization of 

microtubules
[69]

 

 

Huntington's disease (HD) 

HD is a rare, inherited, neurodegenerative condition that is brought on by a trinucleotide CAG- 

repeat expansion of ≥36 in the Huntington's gene.
[70]

 And characterised by a wide range of 

symptoms, including as cognitive decline, neuropsychiatric disorders, and motor 

abnormalities.
[71]

 While chorea is the primary HD motor symptom, postural problems and 

dystonia are also frequently described. Patients' psychiatric symptoms differ greatly from one 

another. Although agitation, anger, anxiety, hallucinations and delusions accompany HD as 

well making HD a complex multisymptomatic disorder.
[72,73] 

 

Stem cell Therapy: Multipotent cells are present in adipose tissue, bone marrow, spleen, and 

the umbilical cord. They can differentiate into a variety of cell types including muscle, bone, 

fat, and cartilage cells.
[74]

 Because MSCs can self-renew without losing their multipotency, 

they hold great promise for use in cell therapy for neurodegenerative diseases. 

 

Astrocyte Reprogramming in Huntington’s Disease: Glial cells, which are non-neuronal 

cells that can be classified into four main categories, including astrocytes, oligodendrocytes, 

microglia, and ependymal cells, are among the most prevalent parts of the mammalian nervous 

system. It has been claimed that astrocytes can self-renew in a manner akin to that of stem cells, 

generating additional immature progenitors and neuroblasts.
[75,76]

 Following this discovery, 

researchers attempted to take charge of the process by evaluating the potential for 

reprogramming astrocytes into neurons using activated transcription factors and medications, 

both in vitro and in vivo, as a novel regenerative strategy in the context of neurodegenerative 

diseases like HD. However a solid pre clinical evidence id needed. 

 

Gene Therapy: Rapid advancements are being made in Genome therapy for HD 

investigation. The main objective of treatment is to address the single gene mutation that 

causes the condition is to reduce the effect of CAG repeat expansion at the mHTT gene's 

origin.
[77] 



www.wjpr.net      │     Vol 14, Issue 5, 2025.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

Rajendra et al.                                                                    World Journal of Pharmaceutical Research  

1569 

 

Table 7. Gene therapy for HD. 

Editing genes Distribution 
DNA or RNA 

targeting 

Allele 

selectivity 

Effective 

toexon1 

protein 

Main outcome Status 

mZFKRAB
[78]

 ICV DNA Yes Yes 

Long-term 

inhibition of 

brain expression 

of mutant HTT 

Pre-clinical 

ZFP-TF
[79]

 ICV DNA Yes Yes 

mHTT gene 

expression is 

decreased. 

Pre-clinical 

TALENs
[80]

 ICV DNA Yes Yes 

Deterioration of 

the Huntington 

allele mutant 

Pre-clinical 

CRISPR/ 

Cas9
[81-89]

 ICV DNA Yes Yes 

reduced or 

corrected the 

mHTT gene's 

appearance 

Pre-clinical 

CRISPR/ 

Cas13
[90]

 
ICV RNA Yes Yes 

mHTT mRNA 

appearance is 

decreased. 

Pre-clinical 

 

Amyotrophic lateral sclerosis (ALS) 

Amyotrophic lateral sclerosis is characterised by selective motor neurone loss in the brain 

and spinal cord, which leads to muscle weakness, paralysis, and ultimately death.
[91]

 Only a 

few ALS treatments are now available, and they mostly focus on symptom management and 

supportive care.
[92]

 Reducing neuroinflammation, repairing injured motor neurones, and 

providing neuroprotection are the objectives of ALS stem cell-based treatments.
[93]

 

 

Stem cell Therapy: The safety and viability of regenerative cell treatments in ALS patients 

have examined in a number of early-stage clinical trials. Foetal spinal cord transplantation 

intra spinal cord-derived NSCs are safe, well-tolerated, and may be effective in delaying the 

course of ALS in certain cases.
[94,95]

 ALS patients have also been studied using autologous 

MSCs.
[96,97]

 Although these preliminary studies have demonstrated the viability of grafting 

stem cells in ALS, larger randomised controlled trials are required to determine the 

effectiveness of these strategies. Gene editing technologies could be used in future stem cell 

therapy for ALS to fix ALS-causing genes in patient-specific iPSCs, which could 

subsequently develop into transplantable, healthy motor neurons.
[98] 

 

Gene Therapy: Hsin-Hsiung Chen et al conducted an experiment that is Forced NRIP 
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expression in SOD1 G93A mice via AAV-mediated gene therapy and they observed SOD1 

G93A mice's Skeletal muscles and the spinal cord showed low levels of NRIP expression. 

NRIP expression was successfully restored in skeletal muscles and retroactively transduced 

in the spinal cord by intramuscular injection of AAV-NRIP. Significantly, in ALS animals, 

AAV-NRIP gene therapy improved α-motor neuron (α-MN) survival, axon terminal input at 

the neuromuscular junction (NMJ), and the number of NMJs. The increase in NMJ 

transmission that resulted from these advancements eventually helped to improve motor 

activity. In both familial and sporadic ALS, there is muscular atrophy, NMJ degradation, and 

motor neuron degeneration. Consequently, AAV-NRIP may help SOD1 G93A mice and 

possibly lessen other forms of ALS as well. In order to maximize therapeutic benefits and 

reduce potential side effects, future research will concentrate on improving the injection 

method, timing therapeutic administration, and using tissue-specific promoters to stimulate 

NRIP gene expression. To sum up, NRIP shows promise as a gene therapy option for ALS.
[99] 

 

Frontotemporal dementia (FTD) 

A group of related neurodegenerative diseases known as frontotemporal dementia (FTD) are 

characterized by behavioral or linguistic impairments in addition to cognitive and neurological 

changes.
[100] 

 

Table 8. Biomarkers in frontotemporal dementia. 

Biomarker Clinical finding iPSC cell type Finding 

NfL
[101]

 

Prior to the onset of 

symptoms, there is 

acorrelation between 

the degree of white 

matter atrophy and an 

increase in CSF and 

blood levels that can 

be distinguished 

from healthy controls. 

Motor neurons with 

hexanucleotide repeat 

expansion C9orf72 

Electrical overexcitability 

and disrupted neurite 

structure are linked to 

accumulated NfL. 

Complement 

proteins
[102]

 

Blood C3 levels rise 

as C1s and C7 levels 

fall. 

CHMP2BG/C31449 

astrocytes 

C3protein, IL-6, and IL-8 

levels rise, resulting in the 

reactive gliosis phenotype. 

Deficits in metabolism 

and autophagy 

Tau
[103]

 

Elevate blood t- and 

p-tau and blood p- 

tau. Plasma t- and p-

tau are not greater in 

carriers of MAPT 

mutations than in 

MAPTN279Kneurons 

MAPTV337Mneurons 

Positive neurons, tau 

fragmentation, and 

oxidative stress are all 

increased when p-tau 

levels rise. 
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non-MAPT-driven 

FTD. 

 

Gene Therapy 

Progranulin AAV gene therapy for frontotemporal dementia: Progranulin 

haploinsufficiency, which is brought on by GRN mutations, ultimately results in 

frontotemporal dementia (FTD-GRN). The granulin gene (GRN) is delivered using the 

experimental gene therapy PR006 via an adeno-associated vector of virus serotype 9 (AAV9). 

In non-clinical research, PR006 transduced neurons from induced pluripotent stem cells of 

FTD-GRN improved lipofuscin, lysosomal, and neuroinflammation pathologies in Grn- 

knockout mice and produced progranulin expression. In non-human primates, the transduced 

neurons were well tolerated, with the exception of mild, asymptomatic dorsal root 

ganglionopathy.
[104] 

 

Spinal muscular atrophy (SMA) 

The severe neuromuscular genetic condition known as spinal muscular atrophy (SMA) is 

caused by a mutation or deletion of survival motor neuron gene (SMN1).
[105]

 It is the most 

common hereditary cause of infant mortality, occurring 1 in 14,848 infants.
[106] 

 

Survival Motor Neuron (SMN)-Targeted Therapies: Spinraza, Valproic acid, Olesoxime 

are the therapy development has so far mostly concentrated on strategies that seek to raise 

full-length SMN protein levels because it has been known that significantly decreased 

amounts of SMN are the cause of SMA.
[107] 

 

Gene therapy: A mutation in the SMN1 gene results in spinal muscular atrophy (SMA), 

which is characterised by muscle weakness, atrophy, and loss of motor neurones. It is still 

very difficult to completely eliminate the endogenous mutations and symptoms of SMA, even 

if new treatment techniques, like small chemicals or viral vectors, have shown promise in 

improving motor function and survival. 

 

Fumiyuki Hatanaka et al used SMA mice as a disease model, the work concludes by showing 

that HITI-mediated gene editing can successfully repair the genetic flaw in SMA mice, 

producing short-term phenotypic changes like higher body weight, greater mobility, and 

improved survival when compared to untreated controls. Although the medication effectively 

alleviates symptoms associated with SMA, the effects are transient, as treated mice do not 

survive for more than three weeks. This demonstrates that although HITI provides a potential 
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method for gene repair, additional modification is required to produce a sustained therapeutic 

outcome because it is now insufficient as a long-term treatment strategy for SMA. The study 

concludes by highlighting the benefits of using the modified AAV-PHP.eB capsid for gene 

delivery, namely in focusing on spinal motor neurons, which is crucial for successful treatment 

outcomes in SMA. Superior transduction effectiveness was shown in important tissues such as 

the brain and spinal cord, particularly in motor neurons, which are essential for the therapy of 

SMA, when AAV-PHP.eB and AAV9 were compared. Additionally, the effectiveness of this 

approach for in vivo genome editing in non-dividing cells, such as neurons, is confirmed by 

the successful demonstration of HITI-mediated gene knock-in in the spinal cord of Ai14-Cas9 

mice. These results highlight the potential of AAV-PHP.eB in gene therapy applications, 

providing a viable path toward accurate genome editing in SMA and associated conditions.
[108]

 

 

Stem cell Therapy: Virla et al conducted experiment with ASC-EVs strategy which 

improves the disease progression in SMA mice and concluded that when ASC-EV therapy was 

given to SMNΔ7 mice, a model of SMA type II, it may have a neuroprotective impact at the 

neural level and in terms of rescuing motor performances. Given their similar neuroprotective 

benefits, this could help establish an ASC-EVs-based therapy as a legitimate substitute for 

MSC use. Additionally, in the realm of neurodegenerative illnesses and other pathological 

situations, the EVs-based strategy may be a safer and more convenient choice.
[109]

 

 

CONCLUSION AND FUTURE PROSPECTIVES 

Neurodegenerative illnesses continue to provide a serious medical challenge, with existing 

treatments offering minimal relief. However, current developments in therapeutic techniques 

provide a promising path for treating these disorders. Gene and stem cell therapies, combined 

with emerging anti-oxidants and targeted treatment techniques such as CRISPR/Cas9, have 

shown promise in addressing the underlying causes of diseases such as AD, PD, HD, ALS, and 

SMA. The combination of stem cell-derived models and exosome-based techniques improves 

our ability to research disease mechanisms and identify therapeutic targets. Despite the 

potential problems like as delivery systems, immune response modulation, and cost limitations 

remain. Addressing these difficulties will necessitate multidisciplinary collaboration, rigorous 

clinical studies, and ethical concerns. However, the emergence of breakthrough technology and 

a better understanding of genetic and molecular processes signals a turning point in 

neurodegenerative disease care. Advancements in these domains are expected to enhance 

patient outcomes and offer hope for overcoming the severe consequences of these condition. 
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