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ABSTRACT : 

Millions of people worldwide are impacted by neurodegenerative diseases (NDDs), which progressively harm neurones and impair cognitive function. The urgent need 

for therapies that can preserve and restore the neurological system is highlighted by the fact that current medications mostly manage symptoms rather than reducing or 

preventing the progression of the disease. Novel strategies for treating the underlying causes of neurodegeneration include gene therapy, stem cell therapy, 

immunotherapy, and neurotrophic agents. 

Although preclinical and early clinical research is showing promising results, there are still issues with making sure these medicines are targeted, safe, and successful. A 

summary of current pharmacological and non-pharmacological approaches is also included in the review, which highlights their limited capacity to change long-term 

results.The blood–brain barrier, a strictly regulated opening that shields the brain but also keeps many treatments from getting there, is another significant barrier. 

Treatment advancement depends on removing this obstacle. For significant advancements in NDD care, ongoing innovation and research are essential. 

INTRODUCTION 

The central nervous system's (CNS) most vulnerable organ is the brain. It facilitates learning and memory, interprets information from sensory receptors 

throughout the body, and performs ongoing maintenance to guarantee appropriate and effective operation.[1] Neurological problems now make up around 6.3% 

of the global disease burden as the world’s population ages. Consequently, these disorders have grown to be significant causes of disability, frequently 

necessitating long-term care and intensive medical intervention.[2] Neurodegenerative diseases (NDDs) are a diverse group of disorders affecting millions 

worldwide. They are marked by the slow, progressive loss of neurons in the central or peripheral nervous system, making neurodegeneration the core feature 

driving their symptoms and impact.[3,4] One of the main causes of neuronal damage is oxidative and nitrosative stress, which is brought on by an excess of 

reactive oxygen and nitrogen species as well as compromised cellular antioxidant defences. The onset and progression of neurodegenerative illnesses are 

significantly influenced by this damage.[5] Conventional therapies, such as levodopa for Parkinson’s disease or cholinesterase inhibitors for Alzheimer’s 

disease, help control symptoms but do not stop the illness’s 

progression. New medications that target detrimental protein aggregation have been inspired by recent discoveries about neurodegenerative processes.[6] 

Huntington's disease (HD) currently has no known cure. Medication and supportive care are the mainstays of treatment to help control symptoms. Researchers 

are aggressively searching for a solution for this difficult illness, even though there are a number of treatments available to address particular symptoms.[7] 

The blood-brain barrier (BBB), which is composed of cells including astrocytes, neurones, and tight junctions, is a robust, semi- permeable barrier that 

controls the transport of nutrients while shielding the brain from dangerous substances.[8,9] To target medications without damaging healthy cells, efficient drug 

delivery devices are required. Despite their stability, there are still issues with large- scale manufacturing, quality assurance, safety, and how they affect the brain 

after passing across the blood-brain barrier.[10,11,12] Implant-based therapy and the use of biomaterials, including hydrogels, loaded with anticancer 

medications to effectively target afflicted areas are examples of modern treatments for neurodegenerative illnesses.[13,14] 

 
Figure. 1: PD hallmarks and used in pre-clinical animal trials of PD 
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Alzheimer’s disease 

Alzheimer's disease, which affects over 5 million Americans, is characterised by memory loss, brain shrinkage, tau tangles, amyloid plaques, oxidative stress, 

reduced acetylcholine, and metal accumulation.[15,16] Cholinesterase inhibitors, which increase acetylcholine but can induce nausea, vomiting, and bowel 

problems, and Namenda, a 

glutamate regulator that improves memory and learning but can cause headaches, constipation, disorientation, and dizziness, are used to treat Alzheimer’s.[16] 

Huntingtons disease 

An genetic neurological condition, Huntington's disease often manifests in midlife. It results in dementia, altered mood and behaviour, and erratic, jerky 

movements that interfere with day-to-day functioning.[17] A mutation in the HTT gene on chromosome 4 that results in unusually long CAG repeats is the cause 

of Huntington's disease. This results in an enlarged HTT protein that destroys nerve cells by clumping and misfolding.[18] The brain gradually shrinks with 

Huntington’s disease, and important medium spiny neurones are lost in the striatum, particularly in the caudate nucleus and putamen. Additionally, patients 

have thinning in certain cortical areas of the brain.[19] 

Parkinson's disease 

About 10 million people worldwide suffer with Parkinson's disease, which is brought on by Lewy body protein aggregates and the death of dopamine neurones 

in the substantia nigra. Temporary symptom relief is offered by medications such as L-Dopa, dopamine agonists, and enzyme inhibitors.[16,20] 

Stroke 

Every year, over 800,000 people suffer from stroke, a dangerous and expensive illness. It happens when the brain's blood arteries get clogged or bleed, killing 

brain cells and perhaps resulting in permanent impairment or even death.[21] Personalised rehabilitation, such as speech therapy for language impairments, is 

the mainstay of stroke treatment. 

Patients who receive treatment within four hours may occasionally require emergency operations, such as blood clot removal techniques like 

angioplasty.[16,22] 

Current therapies for neurodegenerative disorders 

Treatment for neurodegenerative illnesses including ALS, Parkinson's, and Alzheimer's is difficult. This section examines contemporary pharmacological and 

non-drug therapy, emphasising their advantages, drawbacks, and new research findings. 

Pharmacological interventions 

Alzheimer’s disease: 

Cholinesterase inhibitors: The primary goal of Alzheimer's therapy is to reduce symptoms. In mild to severe cases, cholinesterase inhibitors such as galantamine, 

rivastigmine, and donepezil temporarily improve thinking and memory by increasing brain signalling.[23] These medications, nevertheless, provide few 

advantages and do not halt the advancement of the illness. Some patients may find it difficult to tolerate side effects like slowed heart rate and digestive 

problems.[23] 

NMDA receptor antagonists: 

An NMDA receptor blocker called memantine is used to treat Alzheimer's disease cognitive symptoms. With little chance of slowing the course of the illness, 

it primarily relieves symptoms.[24] Memantine may help moderate to severe Alzheimer's patients after six months, according to studies, although its impact 

on cognition in mild to moderate cases—including vascular dementia—is yet unknown.[24] 

Dopaminergic therapy in Parkinson’s disease 

The goal of Parkinson's treatment is to increase dopamine levels in the brain. The best treatment for managing symptoms related to movement is levodopa plus 

carbidopa.[25] Long-term use, however, may result in involuntary motions and movement fluctuations. Furthermore, non-motor problems like memory loss, 

mood disorders, and psychiatric disorders frequently do not improve with these treatments.[25] 

Antipsychotic medications 

Antipsychotic medications are frequently used to treat behavioural and psychiatric symptoms in neurodegenerative illnesses. These medications can be 

helpful, but they can also have adverse effects include drowsiness and mobility issues.[26] 
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Non-pharmacological interventions 

For those with neurodegenerative diseases, non-pharmacological methods can greatly enhance their quality of life. 

Physical and occupational therapy: 

For patients to preserve their freedom, lessen mobility issues, and enhance their general wellbeing, physical and occupational therapy are crucial.[27] These 

treatments can be particularly beneficial for those suffering from neurodegenerative diseases such as Parkinson's disease. However, access to specialised 

rehabilitation programmes can occasionally be restricted, and their efficacy can vary from person to person.[28] 

Cognitive training and behavioural interventions: 

Programmes for cognitive training, such as mental stimulation and memory exercises, have been developed to help people with Alzheimer's disease think 

and remember better.[29] 

Types of stem cells that have been considered for use in treating neurodegenerative diseases 

Embryonic Stem Cells (ESCs): 

These cells, which originate from embryos, have the capacity to differentiate into several cell types, including neurones. However, due of possible hazards like 

tumour development and moral issues with using human embryos, their usage is debatable.[30,31] 

Induced Pluripotent Stem Cells (iPSCs): 

An approach that circumvents certain ethical issues is induced pluripotent stem cells (iPSCs), which are produced by reprogramming adult cells to function like 

embryonic stem cells. However, research is currently ongoing about their safety and efficacy in treating neurodegenerative illnesses.[30,31] 

Mesenchymal Stem Cells (MSCs): 

An approach that circumvents certain ethical issues is induced pluripotent stem cells (iPSCs), which are produced by reprogramming adult cells to function 

like embryonic stem cells. However, research is currently ongoing about their safety and efficacy in treating neurodegenerative illnesses.[30,32] 

Gene therapy for neurodegenerative diseases 

Gene therapy has the potential to treat neurodegenerative disorders by protecting neurones and correcting disease pathways, however there are still issues 

with delivery efficiency, specificity, long-term effects, and safety.[33] Delivering genetic material into target cells, where it is absorbed, transported, and 

expressed, is how gene therapy operates. Understanding the mechanisms by which DNA is transported into cells by both viral and non-viral carriers is essential 

to the success of gene therapy.[34] 

Types of gene therapy : 

Each of the various methods used in gene therapy has advantages and disadvantages of its own and is intended to address particular genetic disorders. These are a 

few of the primary forms of gene therapy. 

1. Gene addition therapy: 

This method replaces a defective gene in cells with a healthy copy. It is frequently used to treat genetic problems brought on by mutations in a single gene.[35] 

2. Gene editing: 

Certain genes in a cell can be precisely altered using gene editing. It can help treat genetic problems by correcting mutations, adding new genes, or changing 

existing ones.[35] 

3. Gene silencing: 

This technique turns off particular genes using tiny interfering RNAs, or siRNAs. It helps treat genetic problems brought on by hyperactive genes.[35] 

4. Gene correction therapy: 

This method aims to correct the mutations that lead to a hereditary illness. These mutations can be fixed by editing a cell’s DNA using methods like CRISPR-

Cas9.[35] 
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Figure 2: Gene Therapy Process. 

Immunotherapy: 

Due to increased longevity, neurodegenerative illnesses are a global health concern; nevertheless, there are currently no treatments that alter the course of the 

disease. Direct immunotherapy slows or stops the expression of illness by targeting misfolded proteins in the brain.[36] Immunotherapy reduces the 

accumulation of dangerous proteins in the brain. The first Aβ-focused experiment switched from active to passive immunisation in the vaccine design. 

Abnormal protein clumps are widespread in neurodegenerative illnesses like Alzheimer's, and the majority of treatments target Aβ, however some also target 

α- synuclein.[37] 

Conclusion : 

Pharmacological, non-pharmacological, and sophisticated molecular techniques are among the fast developing therapeutic treatments for Parkinson's 

disease and kindred neurodegenerative illnesses. While physical, occupational, and cognitive interventions improve quality of life and maintain functional 

independence, traditional therapies generally concentrate on symptom management. Gene therapy, stem cell therapy, and immunotherapy are examples of 

emerging medicines that have the ability to address fundamental illness pathways, offering hope for disease change rather than just symptom reduction. 

Notwithstanding encouraging developments, obstacles still exist, such as inconsistent individual reactions, safety issues, and restricted access to 

specialised treatments. To optimise effectiveness and enhance results for people with these crippling illnesses, more research and individualised strategies 

are crucial. 
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