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Parkinson’s disease (PD) is a progressive neurodegenerative disorder resulting from the 

loss of dopaminergic neurons in the midbrain substantia nigra pars compacta, 

characterized by both motor and non-motor symptoms. Its etiology involves a complex 

interplay of genetic predispositions, environmental factors, and neuronal degeneration. 

PD affects approximately 1% of the global population over 60, with prevalence and 

incidence rates varying by region and age group. The annual incidence is estimated at 

10–20 new cases per 100,000 individuals worldwide. Symptomatically, PD patients 

experience tremors, bradykinesia, rigidity, and postural instability, along with non-

motor symptoms such as cognitive impairment and autonomic dysfunction. The primary 

goal of PD pharmacotherapy is symptom alleviation and quality of life improvement. 

Current medications include dopamine agonists, levodopa, monoamine oxidase-B 

inhibitors, and catechol-O-methyl transferase inhibitors. However, these treatments are 

limited by side effects, motor fluctuations, dyskinesias, and non-motor complications, 

posing significant challenges in long-term management. Emerging therapies targeting 

novel pathways, such as alpha-synuclein aggregation inhibitors, neuroprotective agents, 

and gene therapies, show promise in addressing these limitations and advancing PD 

treatment paradigms. Alpha-synuclein aggregation inhibitors aim to prevent the 

formation of toxic protein aggregates that contribute to neuronal death, while gene 

therapies are being developed to modify disease progression at the genetic level, 

offering potential for more durable and profound disease modification. Understanding 

the multifaceted nature of PD and exploring these innovative therapeutic avenues are 

crucial for optimizing patient care and enhancing disease management strategies. 
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INTRODUCTION

Parkinson’s disease (PD) is the most prevalent 

form of parkinsonism, a group of neurological 

disorders that cause movement issues such as 

rigidity, slowness, and tremors. Affecting over 6 

million people globally, PD is recognized as the 

second most common progressive 

neurodegenerative disorder1. The disease is 

primarily associated with the loss of dopaminergic 

neurons in the substantia nigra pars compacta 

(SNc), leading to a deficiency of dopamine (DA) 

in the striatum, which causes motor deficits. This 

dopamine shortage creates an imbalance between 

the inhibitory dopaminergic and excitatory 

cholinergic systems in the striatum, resulting in 

motor dysfunction2. PD is characterized by a 

combination of motor symptoms, such as 

bradykinesia and tremors, and non-motor 

symptoms, including depression, constipation, and 

sleep disturbances. Interestingly, these non-motor 

symptoms can sometimes appear before the motor 

symptoms become evident. The neuronal 

degeneration seen in PD is driven by several 

cellular and molecular processes, including the 

accumulation of misfolded proteins, failure of 

protein clearance mechanisms, mitochondrial 

damage, oxidative stress, neuroinflammation, 

immune system dysregulation, apoptosis, 

excitotoxicity, calcium (Ca++) dysregulation, 

autophagy, and dysbiosis. A key feature of PD 

pathogenesis is the presence of abnormal intra-

neuronal aggregates of a protein called α-

synuclein, which form Lewy bodies and Lewy 

neurites. Under normal conditions, α-synuclein is 

a presynaptic neuronal protein, but in PD, it 

misfolds and aggregates into Lewy bodies, which 

are considered hallmarks of the disease. Genetic 

mutations, duplications, or triplications in the 

SNCA gene, which encodes α-synuclein, can 

cause autosomal dominant familial PD, 

underscoring the critical role of α-synuclein in the 

development of the disease3. PD affects 

approximately 1% of people over the age of 50 and 

around 2.5% of those over 70. The lifetime risk of 

developing PD is estimated at 2.0% for men and 

1.3% for women. Although the disease is most 

common in individuals over 60 years old4, most 

PD cases in this age group arise sporadically, 

influenced by factors such as neuroinflammation, 

oxidative stress, dysfunction of the innate and/or 

adaptive immune systems, disruptions in 

mitochondrial activity, genetic mutations, protein 

denaturation and aggregation, and environmental 

influences5. To manage PD, disease-modifying 

and neuroprotective strategies are crucial as they 

aim to improve motor symptoms by inhibiting or 

slowing the death of dopaminergic neurons in the 

brain. However, currently available medications 

like levodopa offer only temporary relief, as their 

effects are often short-lived6. The presence of 

abnormal intra-neuronal aggregates of α-synuclein 

remains a defining characteristic of PD. Although 

the precise mechanistic role of Lewy bodies is not 

fully understood, the centrality of α-synuclein in 

PD pathogenesis is emphasized by the fact that 

mutations, duplications, or triplications in the 

SNCA gene lead to autosomal dominant familial 

PD7. This review will explore emerging treatment 

approaches and discuss how PD management 

might evolve in the coming years. 

Epidemiology and Etiology 

PD is primarily a disease of older adults, typically 

affecting individuals over the age of 60. However, 

early-onset cases can occur, albeit less frequently. 

The prevalence of PD increases with age, making 

it a significant health concern in aging populations 

globally. According to recent data, approximately 

1% of individuals over 60 and 2.5% of those over 

70 are affected by PD, with the prevalence 

expected to double by 2040 due to the aging global 

population. However, early-onset cases can occur, 

albeit less frequently, affecting about 4% of people 

with PD under the age of 50th. The exact cause of 
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PD remains elusive. However, research has 

identified contributing factors such as genetic 

mutations and environmental toxins. It is widely 

accepted that a complex interplay of genetic 

predisposition, environmental influences, and age-

related changes in neuronal function contributes to 

the development of PD8,9. Genetic factors play a 

crucial role, with several genetic mutations linked 

to an increased risk of PD. Mutations in genes such 

as SNCA (encoding α-synuclein), LRRK2 

(Leucine-Rich Repeat Kinase 2), and Parkin 

(PRKN) have been identified in familial and 

sporadic cases of PD. These mutations can disrupt 

protein function, leading to neuronal dysfunction 

and the accumulation of α-synuclein aggregates, a 

hallmark of PD pathology10. Pesticides, 

herbicides, and other environmental toxins have 

been implicated as potential risk factors, 

particularly in agricultural settings or occupations 

with high pesticide exposure. Studies have shown 

that individuals with long-term exposure to 

pesticides have a 70% higher risk of developing 

PD. Other environmental factors, such as heavy 

metals, solvents, and certain medications, have 

also been studied for their association with PD 

development11. Furthermore, age-related changes 

in neuronal function and neuroinflammatory 

processes contribute to the neurodegenerative 

cascade observed in PD. Oxidative stress, 

mitochondrial dysfunction, and impaired protein 

clearance mechanisms further exacerbate neuronal 

damage and cell death in affected brain regions. 

For instance, mitochondrial dysfunction and 

oxidative stress have been shown to be 

significantly higher in the brains of PD patients, 

leading to increased neuronal apoptosis and 

subsequent motor and non-motor symptoms12. 

Pathophysiology 

PD is characterized by complex neurodegenerative 

processes that involve both motor and non-motor 

pathways. Neuropathological features of PD 

(Figure 1) include the progressive loss of 

dopaminergic neurons in the substantia nigra pars 

compacta (SNpc) and the formation of 

intracellular aggregates known as Lewy bodies, 

primarily composed of α-synuclein protein. The 

degeneration of dopaminergic neurons leads to a 

dopamine deficiency in the basal ganglia, 

particularly in the nigrostriatal pathway, resulting 

in the motor symptoms observed in PD, such as 

bradykinesia, rigidity, tremor, and postural 

instability13. Additionally, non-dopaminergic 

pathways, including cholinergic, serotonergic, and 

noradrenergic systems, are also affected, 

contributing to non-motor symptoms like 

cognitive impairment, mood disorders, and 

autonomic dysfunction. The pathophysiological 

cascade in PD neuroinflammation, impaired 

protein clearance mechanisms, and synaptic 

dysfunction. These processes ultimately lead to 

neuronal degeneration, synaptic loss, and 

neurochemical imbalances in various brain regions 

implicated in motor control, cognition, and 

behavior14. 
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Figure 1. Neuropathological features of Parkinson’s disease 

The motor circuitry involved in PD encompasses 

various pathways such as the direct pathway 

responsible for motor excitation, the indirect 

pathway for motor inhibition, the hyper-direct 

pathway for baseline motor inhibition, and the 

nigrostriatal projection with modulatory functions. 

Neurochemically distinct pathways within the 

basal ganglia involve different dopamine 

receptors, leading to inhibitory or excitatory 

effects on motor control. Hypotonic-hyperkinetic 

symptoms like tremors are linked to disruptions in 

the indirect loop, causing a lack of motion 

inhibition, while hypertonic-hypokinetic 

symptoms such as bradykinesia result from issues 

in the direct pathway15,16. Environmental 

hazards contribute to an increase in α-synuclein 

levels and the formation of Lewy bodies. Aging is 

associated with a decrease in mitochondrial 

complex-1 activity, which results in increased 

reactive oxygen species (ROS) and reduced ATP 

production, ultimately leading to the loss of 

dopaminergic neurons. Genetic factors also play a 

significant role: mutations in the DJ-1, PINK-1, 

and LRRK-2 genes lead to mitochondrial 

dysfunction, increased ROS, and decreased ATP, 

contributing to neuronal loss. Mutations in the 

SNCA gene result in elevated α-synuclein levels 

and Lewy body formation, furthering neuronal 

degeneration. Additionally, mutations in the 

UCHL-1 gene impair the ubiquitin-proteasome 

system, causing dysfunction in the autophagy-

lysosomal pathway and an increase in misfolded 

proteins. These combined effects from 

environmental, aging, and genetic factors 

converge to decrease the number of dopaminergic 

neurons17, leading to the development of PD 

shown in Figure  2. 
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Figure 2: The diagram illustrates the multifactorial causes and mechanisms leading to Parkinson's disease 

Clinical Manifestations 

PD presents with a heterogeneous array of motor 

and non-motor symptoms. Motor symptoms 

(Table 1), including bradykinesia, rigidity, resting 

tremor, and postural instability, are the most 

recognizable features. As much as 80% of 

dopaminergic cells in the nigro-striatal system can 

be lost before these cardinal motor features appear. 

The disease typically begins typically begins 

unilaterally and progresses contralaterally over 

years, leading to stooped posture, shuffling gait, 

reduced arm swing, micrographia, and resting 

tremors, notably a pill-rolling type18. Non-motor 

symptoms (Table 2) significantly contribute to 

disability and often precede motor signs. 

Cognitive impairment, mood disorders, sleep 

disturbances, autonomic dysfunction, and sensory 

abnormalities are common. Speech difficulties, 

swallowing problems, and drooling occur in a 

substantial portion of patients. Dystonia, 

characterized by sustained muscular contractions, 

can manifest before PD diagnosis with varied 

presentations like foot position abnormalities, 

writer's cramp, oromandibular dystonia, and 

torticollis19. The neuroanatomical and 

neurochemical bases for non-motor symptoms 

remain incompletely understood, but non-

dopaminergic cellular dysfunction is implicated. 

Sleep disturbances are prevalent, with disruptions 

in the sleep-wake cycle and excessive daytime 

sleepiness affecting up to 50% of patients20. 

Constipation, depression, anxiety, hallucinations, 

and psychosis are also common non-motor 

manifestations, with dopamine agonists 

potentially exacerbating hallucinosis. In addition 

to these symptoms, PD patients often experience 

fluctuations in their response to medication, such 

as "on-off" phenomena and dyskinesias, which 

further complicate management and quality of life. 

Additionally, emerging research is focusing on the 

role of gut-brain axis dysfunction, inflammation, 

and oxidative stress in PD pathogenesis, opening 

avenues for novel therapeutic targets21. 

Table 1 : Motor symptoms of Parkinson’s disease22 

Neuropsychiatric 

Syndrome 

Sleep 

Disorders 

Autonomic 

Symptoms 

Gastrointestinal 

Symptoms 

Sensory 

Symptoms 

Other 

Symptoms 

Depression 
Restless legs 

syndrome 

Bladder 

disturbances 

Dribbling of 

saliva 
Pain Fatigue 

Apathy 

Periodic 

limb 

movements 

Urgency Ageusia Paresthesia Diplopia 
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Anxiety 

REM sleep 

behavior 

disorder 

Nocturia 
Dysphagia and 

choking 

Olfactory 

disturbance 

Blurred 

vision 

Anhedonia 
REM loss of 

atonia 
Frequency Reflux  Seborrhea 

Attention deficit 

Non-REM 

sleep 

disorders 

Sweating Vomiting  Weight loss 

Hallucinations 

Excessive 

daytime 

somnolence 

Orthostatic 

hypotension 
Nausea  

Weight 

gain 

(possibly 

drug 

induced) 

Illusion 
Vivid 

dreaming 

Falls related to 

orthostatic 

hypotension 

Constipation Illusion 
Vivid 

dreaming 

Delusions Insomnia 
Coat-hanger 

pain 

Unsatisfactory 

voiding of bowel 
 Delusions 

Dementia 

Sleep-

disordered 

breathing 

Sexual 

dysfunction 

Faecal 

incontinence 
 Dementia 

Obsessional 

behaviour 
 Hypersexuality    

Repetitive 

behaviour 
 

Erectile 

impotence 
   

Confusion  
Dry eyes 

(xerostomia) 
   

Table 2 :  Non-motor symptoms of Parkinson’s disease23 

Non-Motor Symptoms Description 

Tremor 

80% of patients experience tremor, commonly affecting 

hands and arms. May worsen with strong emotions, 

improves with movement. 

Bradykinesia 
Characterized by slow movement, slow reaction time, 

and decreased spontaneous movement. 

Masked face 
Reduction in facial expressiveness due to bradykinesia, 

affecting other nonverbal communication like gesturing. 

Rigidity 
Stiff muscle tone, resistance to movement, and 

decreased range of motion. 

Postural instability 
Loss of ability to maintain an upright posture, typically 

developing later in the disease course. 

Gait disorder 
Abnormal walking pattern, lack of arm swing, flexed 

arms, dragging of one leg, and small shuffling steps. 

Other motor symptoms 
Includes dystonia, difficulty swallowing, and 

micrographia (reduced handwriting size). 

Treatment Approaches 

Medications for PD are designed to address both 

motor and non-motor symptoms associated with 

the condition. In treating motor symptoms, the 

primary approach is dopamine replacement 

therapy, which involves medications that either 

supply dopamine directly or mimic its effects in 

the brain. The term "early disease" refers to 

individuals newly diagnosed with PDor those 

experiencing functional disability necessitating 
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symptomatic treatment24. Another term used is 

"de novo" PD. Conversely, "later disease" refers to 

patients already receiving levodopa therapy who 

have developed motor complications. Adjuvant 

therapy in later-stage disease aims to minimize 

"off" time, reduce levodopa dosage, and enhance 

control over Parkinsonian motor impairments25. 

About 10% of patients may develop motor 

complications within a year of starting levodopa 

therapy, prompting the need for adjunctive 

treatment soon after initiating levodopa. 

Levodopa-carbidopa (Sinemet) is a common 

medication used for dopamine replacement 

therapy. Levodopa converts to dopamine in the 

brain, replenishing dopamine levels in the striatum 

to compensate for deficiency in Parkinson’s 

disease26. Carbidopa, by inhibiting peripheral 

levodopa-to-dopamine conversion, reduces side 

effects like nausea and vomiting. Other 

medications used in PD management include 

dopamine agonists like pramipexole and 

ropinirole, which stimulate dopamine receptors 

directly, aiding in compensating for dopamine 

deficiency27. MAO-B inhibitors such as rasagiline 

and selegiline increase dopamine levels by 

blocking dopamine metabolism in the brain. 

COMT inhibitors like entacapone and tolcapone 

prolong levodopa’s action, reducing motor 

fluctuations28. Anticholinergics like 

trihexyphenidyl and benztropine alleviate tremors 

and rigidity by counteracting overactive 

acetylcholine due to dopamine deficiency29. 

Additionally, antidepressants such as SSRIs, 

TCAs, and SNRIs help manage depression and 

anxiety, while antipsychotics target psychosis30. 

Cholinesterase inhibitors like donepezil improve 

cognitive function, and wakefulness-promoting 

agents like modafinil enhance alertness31 shown 

in Table 3. 

Table 3 :- Medication for motor symptoms of PD32 

Compounds Drug name Most common Adverse effect 

Dopamine precursor Levodopa Nausea, upper respiratory tract infection. 

Dopaminergic agonists 

Bromocriptine 

Ropinirole 

Pergolide 

Orthostatic hypotension, dizziness, nausea, 

sleepiness 

COMT inhibitors 
Entacapone 

Tolcapone 

Falls, insomnia, orthostatic hypotension, 

Gastrointestinal symptoms, orthostatic 

hypotension, sleep disorders 

Peripheral decarboxylase 

inhibitors 

Carbidopa 

Benserazide 
Nausea 

MAO-B inhibitors 
Selegiline 

Rasagiline 
Nausea, dizziness, insomnia 

Anticholinergics 

Trihexyphenidyl 

Procyclidine 

Biperiden 

Dizziness, anxiety 

Antihistaminic 
Orphenadrine 

Promethazine 

Drowsiness, dizziness, blurred vision and 

constipation 

Glutamate (NMDA receptor) 

agonist (dopamine 

facilitator) 

Amantadine 
Orthostatic hypotension, hallucinations, edema, 

gastrointestinal symptoms 
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Table 4:- Medication for non-motor symptoms of PD33

Compounds Drug name Most common adverse effect 

Depression and Anxiety   

Benzodiazepine 

Clonazepam 

Diazepam 

Lorazepam 

drowsiness, dizziness, confusion, 

impaired coordination, memory 

impairment, and increased risk of falls 

Selective Serotonin 

Reuptake Inhibitors 

(SSRI) 

Fluoxetine 

Sertraline 

nausea, diarrhea, insomnia, headache, 

sexual dysfunction 

Serotonin/Norepinephrine 

Reuptake Inhibitors 

(SNRI) 

Duloxetine 

Desvenlafaxine 

Milnacipran 

Venlafaxine 

nausea, headache, insomnia, drowsiness, 

dizziness, sexual dysfunction, and 

increased blood pressure 

Tricyclic compound 

Amitriptyline 

Imipramine 

Nortriptyline 

dry mouth, constipation, blurred vision, 

urinary retention, dizziness, and sedation, 

arrhythmias and orthostatic hypotension 

Gastrointestinal 

Problems 
  

Constipation 
Lubiprostone 

Polyethylene glycol 

nausea, diarrhea, abdominal pain, and 

headache 

Nausea and Vomiting 
Ondansetron 

Trimethobenzamide 

headache, constipation, and in some 

cases, QT interval prolongation. 

Dementia   

Acetylcholinesterase 

Inhibitors 

Donepezil 

Rivastigmine 

Galantamine 

nausea, diarrhea, insomnia, muscle 

cramps, and bradycardia. 

Psychosis 

Clozapine 

Pimavanserin 

Quetiapine 

peripheral edema, confusion, 

hallucinations, and QT interval 

prolongation. 

Sleeping Disorders 

Amitriptyline 

Doxepin 

Clonazepam 

drowsiness, dry mouth, constipation, 

blurred vision, urinary retention, weight 

gain, and dizziness 

Orthostatic Hypotension 

Fludrocortisone 

Pyridostigmine 

Droxidopa 

hypertension, fluid retention, 

hypokalemia, and edema 

Urinary Incontinence   

Beta-3-Agonist Mirabegron 
urinary retention, hypertension, headache, 

and tachycardia 

Alpha-1Ablockers 

Alfuzosin 

Silodosin 

Tamsulosin 

orthostatic hypotension, dizziness, 

headache, and nasal congestion. 

Anticholinergics 
Darifenacin 

Oxybutynin 

dry mouth, constipation, urinary 

retention, blurred vision, confusion, and 

cognitive impairment 

Emerging Therapies Emerging therapies for PD are targeting alpha-

synuclein aggregation, a key process in the 
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pathology of the condition. Alpha-synuclein is a 

protein that, when misfolded, forms toxic 

aggregates known as Lewy bodies, contributing to 

neuronal damage. One approach involves 

developing therapeutics that inhibit the formation 

of these aggregates or promote their clearance by 

the brain's immune system. These treatments may 

include small molecules, antibodies, or 

compounds that bind to alpha-synuclein, 

preventing its aggregation. Another promising 

avenue is the use of alpha-synuclein misfolding 

inhibitors. In its normal state, alpha-synuclein 

regulates neurotransmitter release without causing 

harm34. However, in Parkinson's disease, it 

undergoes misfolding and aggregation. Misfolding 

inhibitors interfere with this process, stabilizing 

alpha-synuclein's normal conformation and 

preventing toxic aggregate formation35. Antisense 

oligonucleotides (ASOs) are synthetic nucleic acid 

strands that target specific RNA molecules. In 

Parkinson's, ASOs can be designed to reduce the 

production of alpha-synuclein protein by targeting 

its RNA transcripts, potentially slowing disease 

progression. Efficient delivery of ASOs to the 

brain is crucial, and strategies to enhance brain 

penetration are being explored36,37. Beta-2 

adrenergic agonists, primarily used for respiratory 

conditions, are being investigated for their 

neuroprotective effects in Parkinson's. They 

activate receptors that may protect neurons from 

degeneration and promote the release of 

neurotrophic factors supporting neuron 

function38,39. Clinical trials are needed to assess 

their safety and efficacy in Parkinson's. 

Lymphocyte activation gene 3 (LAG3), involved 

in immune regulation, has garnered interest due to 

its potential role in Parkinson's 

neuroinflammation. Studies suggest increased 

LAG3 expression in Parkinson's brains, 

implicating it in immune responses to disease-

related changes. Modulating LAG3 activity or 

expression is being explored as a therapeutic 

strategy to mitigate neuroinflammation and 

neurodegeneration40.  

Clinical Trials of Immunotherapeutic 

Interventions in PD Management 

Current clinical trials of immunotherapeutic 

interventions for PD involve various approaches, 

including immunomodulatory therapies, active 

immunization, and passive immunotherapy. 

Among the immunomodulatory therapies, GM-

CSF is under investigation (NCT03790670, Phase 

Ib, Recruiting) for its ability to enhance regulatory 

T cell (Treg) quantity and functionality without 

affecting effector T (Teff) cell levels41. Active 

immunization approaches include PD01A and 

PD03A, both C-terminal alpha-synuclein (α-Syn) 

mimicking peptide vaccinations. PD01A has 

completed its Phase I trial (NCT02618941), as has 

PD03A (NCT02267434)42. Additionally, a 

nucleic acid vaccine, pVAX1-IL-4/SYN-B, is 

designed to increase antibody titers against α-Syn, 

but further trial information is not provided43. For 

passive immunotherapy, several monoclonal 

antibodies are being explored. Prasinezumab, a 

humanized IgG1 monoclonal antibody targeting 

C-terminal epitopes on α-Syn, is in a Phase IIb trial 

(NCT04777331, Recruiting)44. BIIB054, 

targeting N-terminal α-Syn aggregate species, had 

its Phase II trial terminated (NCT03318523)45. Lu 

AF82422, another humanized IgG1 monoclonal 

antibody focusing on the C-terminal of α-Syn, has 

completed Phase I (NCT03611569)46. Finally, 

ABBV-0805, aimed at α-Syn oligomeric and 

protofibrillar species, had its Phase I trial 

withdrawn (NCT04127695)47. These trials 

represent a diverse array of strategies aimed at 

modifying the immune response in PD to slow 

disease progression and improve patient outcomes. 

CONCLUSION 

PD presents as a multifaceted and progressive 

neurodegenerative disorder, marked by an 

interplay of genetic, environmental, and age-

related factors. This review underscores the 
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complexity of PD pathophysiology, which 

involves both motor and non-motor symptoms 

arising from dopaminergic neuronal loss and 

alpha-synuclein aggregation. Despite 

advancements in pharmacotherapy, including 

dopamine replacement and symptom 

management, long-term treatment remains 

challenging due to side effects and the progression 

of both motor and non-motor symptoms. 

Emerging therapies, such as alpha-synuclein 

aggregation inhibitors, neuroprotective agents, 

and gene therapies, offer promising avenues for 

more effective management of PD. The 

exploration of novel biomarkers for early 

diagnosis and the development of personalized 

medicine approaches are crucial steps toward 

improving patient outcomes. Understanding the 

intricate mechanisms underlying PD and 

continuing to innovate in therapeutic strategies are 

essential for enhancing disease management and 

the quality of life for patients with Parkinson's 

disease. Future research must focus on these 

promising areas to create a comprehensive and 

effective treatment paradigm for PD. 
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