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Abstract: Parkinson’s disease is a neurodegenerative disease that 

may result in death or degeneration of the dopamine neurons in the 
part of the brain called the substantia nigra. Parkinson’s disease is 
the second most prominent neurodegenerative disease that affects 

people over fifty. Currently, there are no permanent treatments for 
the management of neurodegeneration, but the most applicable 
approach for the management of Parkinson’s disease is to treat to 

minimize the symptoms of the degeneration. Employing this 
strategy, there is a variety of pharmacotherapeutics as well as 
surgical therapies available to treat the symptoms. These 

symptomatic therapies are easily available in the market. Although 
there is no effective treatment developed until now, these 
management therapies are currently employed to minimize the 

symptoms of neurodegeneration in early stages as well as the later 
advanced stages of Parkinson’s disease. This review addresses a 
variety of symptomatic treatment approaches that are presently 

accessible and used in the treatment of Parkinson's disease, 
including the various drug treatment classes, Nano-medication, 
phytochemical-based therapeutic strategies, and surgical 
treatments that can be utilized to alleviate Parkinson's disease 

symptoms. It also underlines the pharmacological action of the 
drugs and the indication of advanced technologies to manage the 
symptoms of Parkinson’s disease. 
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1. Introduction 
  Parkinson's disease is a neurodegenerative condition that worsens with time and has a high morbidity and fatality rate. 

Parkinson's disease is the 14th most common cause of death in the US, with over 60,000 people receiving a diagnosis each year. 

The majority of patients die from the disease's consequences [1]. Parkinson's disease (PD) is a prevalent neurodegenerative 

condition that results in significant impairment and a growing global public health burden associated with motor, non-motor, 

and cognitive characteristics [2]. The impact of Parkinson's disease on society is significant. Approximately 6.1 million people 

worldwide were afflicted with this disease in 2016, making it a common condition. Parkinson's illness has a huge personal 
impact. The illness can last for decades, which is unique to degenerative diseases [3]. It has since become clear that a wide range 

of non-motor characteristics, including cognitive impairment, autonomic dysfunction, sleep disorders, depression, and 

hyposmia, are part of Parkinson's disease (PD) and greatly contribute to its overall burden [4]. The primary characteristics of 

motor changes, like resting tremor are indicative of this condition. Postural instability, bradykinesia and stiffness, as well as 

non-motor symptoms such as exhaustion, anxiety, sadness, sleep disturbance, autonomic disruptions, apathy, diminished 

motivation, and cognitive deterioration and dementia [5]. This review highlights the types of symptomatic treatment approaches 

used for the management of Parkinson’s disease that may not really improve the pathology of the disease but help to decrease 

the symptoms of Parkinson’s disease, like tremors, postural damage, bradykinesia and rigidity.  

 

2. Management therapies in Parkinson’s disease 
 There are various types of management therapies available that are used in the treatment of Parkinson’s disease. A variety 

of FDA-approved drugs are available in the market that mainly aim to reduce the symptoms of Parkinson’s disease. There are 

mainly the following types of therapies that are most commonly employed to reduce the symptoms of Parkinson’s disease. 
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1) FDA-approved Drugs 

2) Nano-medication 

3) Phytochemical-Based Therapeutics 

4) Surgical treatment 
 

1) FDA-approved Drugs 

 Treatment is symptom-based, and drugs including levodopa, dopamine agonists, and Monoamine oxidase B inhibitors 

target the dopaminergic system [6]. 
 

1. Dopaminergic medications 

a. Levodopa 

 Levodopa works by being absorbed by the gastrointestinal system, passing through the blood-brain barrier (BBB), being 

taken up by neurons, being enzymatically transformed into dopamine by the aromatic amino acid decarboxylase, and then being 

released by synapses [7]. Levodopa treatment reduces bradykinesia and other common Parkinson's disease motor symptoms. 

On the other hand, long-term levodopa medication is linked to side effects such dyskinesia and motor fluctuations that 

significantly lower quality of life. Levodopa and carbidopa together are most commonly used to treat Parkinson's disease (PD) 

and Parkinson-like symptoms that may arise following encephalitis (swelling of the brain) or damage to the nervous system 

from carbon monoxide or manganese poisoning [8]. Because levodopa has a short plasma half-life and the brain's reaction to it 

varies over time, more advanced Parkinson's disease is characterized by the development of a fluctuating response to the drug 

(also known as motor fluctuations) and the emergence of involuntary movements (also known as dyskinesia) [9]. 
 

2. Monoamine oxidase inhibitors (MAOIs):  
 As MAO inhibitors have fewer adverse effects, require fewer dosages, and may be delay the use of dopaminergic 

medications, patients with moderate symptoms may be treated with them first [10]. Because the MAOs are involved in dopamine 

metabolism, they have a major impact on how Parkinson's disease develops. In SN's dopaminergic cells, MAOs' oxidative 
metabolism of dopamine causes ROS production, oxidative damage, and cell death [11]. When compared to tremor-dominant 

PD, the beneficial positive effects of MAO-B drugs on motor symptoms are noticeably stronger in akinetic/rigid PD [12]. 

Selegiline and rasagiline make up the current MAO-BIs. They are both irreversible and selective MAO-B inhibitors[13]. 
 

a. Selegiline  

 Selegiline is an irreversible MAO-B inhibitor and is used to treat motor dysfunction symptoms in both the early and late 

stages of Parkinson's disease. Another irreversible MAO-B inhibitor that was recently released onto the market is rasagiline. 

However, neurotoxic metabolites are produced by both rasagiline and selegiline [13]. Additionally, bradykinesia, tremor, 

postural instability, and gait are among the motor symptoms of Parkinson's disease that rasagiline can alleviate. Additionally, it 

may be used as an adjuvant to COMT inhibitors or dopamine agonists, which may enhance motor function and shorten response 

time [14]. With peak plasma concentrations of roughly 2.7 mg/mL and a Tmax value of 0.5 hours, it is quickly absorbed from 

the gastrointestinal tract and quickly crosses the blood-brain barrier [15]. Desmethylselegiline and methamphetamine, which 

are both pharmacologically active, are produced when selegiline is metabolized in the liver, mostly by CYP2B6 and in the lower 

portion by CYP2A6 and CYP3A4 [16]. Selegiline is safe and has rare side effects such as sexual dysfunction, sleep difficulty, 

and weight gain. 
 

b. Rasagiline  
 Rasagiline is also an irreversible and selective MAO-B inhibitor drug in PD treatment. Rasagiline, a second-generation 

MAO-B inhibitor, is three to fifteen times more effective than selegiline in in vivo trials in rats, according to preclinical research 

[17]. In patients with advanced-stage Parkinson's disease who are receiving oral levodopa treatment, adding 0.5 or 1 mg/day 

rasagiline significantly reduces the off-time and improves motor symptoms [18]. 
 

c. Safinamide  
 Safinamide is a newer medication, which is an MAO inhibitor with unique glutamate-blocking properties [19]. By inhibiting 

MAO-B, safinamide also stops the production of free radicals [20]. Two safinamide dosages that exhibit a comparable inhibitory 
impact on MAO-B activity: 50 and 100 mg. However, safinamide also inhibits glutamate transmission at hyperactive synapses 

and lowers the excitatory overload in the motor circuits of the basal ganglia by blocking VSSCs and VSCCs at doses of 100 

mg. These characteristics led to the first development of safinamide as an anti-epileptic medication. In a subgroup of Parkinson's 

disease patients with moderate-to-severe dyskinesia, its anti glutamatergic activity has recently been linked to a decrease in the 

dyskinesia rating scale. These results suggest that levodopa-induced dyskinesia may be treated with the anti-glutamatergic action 

produced by high dosages of safinamide [21]. 

 

3. Catechol O-methyltransferase inhibitors 

 These medications work by inhibiting the COMT enzyme, which raises the blood concentration of levodopa without 

causing peripheral breakdown to 3-O-methyldopa (3-OMD). Entacapone, tolcapone, and opicapone are the three most 

significant COMT inhibitors [22].  
 

a. Entacapone 

 One of the first novel compounds created by Orion Pharma to treat Parkinson's disease (PD) is the catechol O-
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methyltransferase (COMT) inhibitor entacapone [23]. Entacapone has a bioavailability of about 35% and is quickly absorbed, 

reaching its plasma peak concentration in less than an hour. It is nearly completely glucuronidated in the liver and is strongly 

attached to plasma proteins (98%), primarily to albumin. It passes through enterohepatic circulation and is mostly removed by 

the kidneys, though it can also be removed by the biliary system. Similar to levodopa, entacapone absorption varies greatly 
between people and also shows significant individual variability. It does not significantly cross the blood-brain barrier and is 

poorly lipophilic. Therefore, peripheral COMT inhibition alone is responsible for its clinical consequences [24]. Cmax and 

AUC are more closely linked to some adverse effects, such as dyskinesia.  

 

b. Tolcapone 

 Tolcapone is a strong, specific, and reversible peripheral COMT inhibitor of COMT in the periphery [25]. Because of 

first-pass metabolism, tolcapone is quickly absorbed after oral administration and has a 60% bioavailability. It takes 30 minutes 

to two hours for it to reach its maximum plasma concentration. Tolcapone has a limited distribution due to its strong plasma 

protein binding (greater than 99.9%) [26]. Tolcapone increases the half-life of levodopa from roughly two to three and a half 

hours [27]. The most common side effect of tolcapone medication is dyskinesia, either new or worsening [28]. 

 

4. N-methyl D-aspartate receptor antagonists 

NMDA antagonists, such as amantadine, reduce the motor symptoms by an indirect dopamine-stimulating action. 

 

a. Amantadine  

 Amantadine is an N-methyl-D-aspartate (NMDA) receptor antagonist. In one trial, amantadine, when given with regular 

doses of levodopa, was able to lower the severity of dyskinesia in advanced-stage Parkinson's disease by 60% [29]. Originally 

used as an antiviral medication, the N-methyl-D-aspartate receptor inhibitor amantadine has been demonstrated to reduce 

akinesia, rigidity, and tremor in Parkinson's disease patients. Despite the absence of thorough research, the medication might 

be clinically beneficial [30]. Amantadine may be used as a monotherapy for those with tremor-dominant Parkinson's disease 

(PD) who do not have cognitive symptoms; however, this may result in life reticularis, lower extremity edema, hallucinations, 

and cognitive impairment [31]. Amantadine is usually taken twice a day at a dose of 100 mg. Some people may tolerate long-

acting formulations better because they can be easily taken once daily [32]. 
 

Class 
Mechanism of 

action 
Drugs 

Available 

formulation and dose 
Common side effects 

Dopaminergic 

medications 

Metabolic precursor 

of dopamine. 
Levodopa/carbidopa 

Tablets (IR, ER) 

Dissolving tablets 

(100/25 mg TID) 

Nausea, vomiting, 

orthostatic hypotension, 

vivid dreams, hallucinations, 

delusions. 

Monoamine 

oxidase (MAO) 

inhibitors 

Inhibits monoamine 

oxidase enzyme. 

Rasagiline 

Selegiline 

Safinamide 

Tablets (0.5mg OD) 

Tablets, capsules 

(2.5–5mg OD) 

Tablets (50–100mg 

OD) 

Hypertension, orthostatic 

hypotension, potentiation of 

levodopa-related side 

effects. 

Catechol O-

methyl transferase 

(COMT) 

inhibitors 

reduce levodopa and 

dopamine 

degradation. 

Entacapone 

Tolcapone 

Tablets (200mg) 

Tablets (100mg) 

Diarrhea, orange color of 

urine 

N-methyl D-
aspartate 

(NMDA) receptor 

antagonists 

Lowering 
excitotoxicity by 

inhibiting excessive 

glutamate signaling 

in the basal ganglia. 

Amantadine 

Tablets, capsules 

(dose varies by 

formulation)h 

Orthostatic hypotension, 

hallucinations, edema, 

Gastrointestinal symptoms 

DA agonists 
Stimulate dopamine 

receptors 

Pramipexole 

Ropinirole 

Apomorphine 

Tablets, ER tablets 

(0.125- 0.375 mg) 

Tablets, ER tablets 

(0.25- 2 mg) 

Transdermal patches 

subcutaneous 
injection (Injected as 

needed) 

Nausea, vomiting, 

orthostatic 

Hypotension, hallucinations, 

psychosis, impulse control 

disorders, peripheral edema. 

 Table no 1: Representation of some FDA-approved drugs available in the market for management of symptoms of Parkinson’s 

disease with their mechanistic approach, available dosage form, formulation and common side effects. 
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2) Nano-medications 

 The development of different nanocarrier systems, including liposomes, nano-gels, dendrimers, and solid lipid 

nanoparticles (SLNs), is one of the most recent therapeutic uses of Nano medicine for the treatment of Parkinson's disease [33]. 

Because of their small size, nanoparticles (NPs ) present a possible treatment option for Parkinson's disease. In addition, the 
NPs have the potential to increase drug bioavailability and efficacy and are easily designed for particular targeting [34]. The 

results show a wide range of possible treatment strategies for Parkinson's disease. In general, NPs can be categorized as carbon-

based, organic, or inorganic [35]. 

  

 a.    Carbon-based nanoparticles 

 Considering their enormous surface area and ease of functionalization with medicinal agents, carbon-based nanoparticles 

(CBNs) have demonstrated exceptional potential in drug delivery systems. For example, graphene oxide (GO) can enhance the 

effectiveness of therapies like chemotherapy by adsorbing medicines and facilitating regulated release [36]. In addition to 

metallic and polymeric NPs, several carbon-based NPs are frequently utilized to treat Parkinson's disease. These carbon-based 

NPs consist of graphene, fullerenes, and carbon nanotubes (CNTs). There are two types of CNTs: single-walled (SWCNTs) and 

multi-walled (MWCNTs) [37]. Due to their superior flexibility and conductivity, graphene and its derivatives may be employed 
to transport medications. In addition, graphene and its derivatives serve as scaffolding for the development of neurons, which 

may aid in the healing of injured brain tissues [38].  

 

b. Organic Nanoparticles  

 Although almost any biological product can make up organic NPs, they typically contain proteins, lipids, or polymers. In 

contrast to inorganic NPs, organic NPs exhibit low toxicity, good biocompatibility, and ease of modification for improved BBB 

targeting. Furthermore, selective blood brain barrier targeting and targeted CNS uptake can be facilitated by tailoring the 

characteristics of organic nanoparticles [39]. Levodopa can be effectively encapsulated by organic NPs, extending its circulation 

duration and limiting systemic degradation. This may lead to a lower necessary dose of levodopa due to greater brain uptake 

through the BBB [40]. 
 

c. Inorganic Nanoparticles  

 For the stability and release of dopamine, inorganic NPs are a great substitute. Gold nanoparticles (AuNPs) have produced 

encouraging outcomes in this area [41]. Metallic nanomaterials, metal oxide nanoparticles, magnetic nanomaterials, and carbon 

nanomaterials are the primary types of these inorganic nanomaterials. Drugs can be effectively delivered by both metallic and 

nonmetallic nanoparticles. For example, scientists created the ropinirole silver Nano composite (RPAgNC) using ropinirole and 
silver nanoparticles. In a Drosophila model of Parkinson's disease, RPAgNC had a stronger neuroprotective effect than the 

ropinirole group [42]. 
 

3) Phytochemical-Based Therapeutic Strategy for PD Treatment 

 The field of phytomedicine, which is defined as herbal medicine with therapeutic and healing properties, has been sparked 
by the growing interest in phytochemicals, which are the chemicals present in fruits, vegetables, nuts, grains, legumes, and other 

plant foods that have health-promoting effects [43]. In order to maintain their potential neuroprotective effect, flavonoids have 

been found to bind to multiple important sites in Parkinson's disease [44]. According to recent studies, polyphenols, terpenoids, 

flavonoids, ascorbic acid, alpha-tocopherol, catechins, [45] and beta-carotene may have a neuroprotective effect and slow the 

progression of Parkinson's disease [46]. 
 

a) Flavonoids 

 Research has shown that two flavonoids, quercetin and luteolin, which are present in a variety of plants, can decrease 

MAO-B activity. Because they can help sustain dopamine levels and shield neurons from deterioration, this inhibition adds to 

their possible neuroprotective effects [47]. Chrysin is a naturally occurring polyphenolic chemical called a flavonoid. Flavonoids 

are found in a wide variety of plants, vegetables, fruits, mushrooms, blue passion flowers, and honey in particular [48]. 

Flavonoids release an additional proton to scavenge superoxide, hydroxyl, and peroxyl radicals. By forming complex structures 

with dihydroxy groups, copper, several transition metal ions, and iron, this stops the production of reactive oxygen species 

(ROS) [49]. Phytochemicals including saponins, alkaloids, and flavonoids found in the plants Bacopa monnieri and Withania 

somnifera, protect neurons and control inflammation and free radicals to promote motor function while preventing harm to 

dopaminergic cells [50]. 
 

b) Polyphenols 

 Several polyphenols have been thoroughly examined in recent research for their possible neuroprotective properties in the 

setting of Parkinson's disease (PD), providing intriguing directions for further study and treatment development [51]. 

Antioxidants are essential for removing ROS and protecting cells from oxidative damage. Many plant chemicals have 
exceptional antioxidant qualities, particularly polyphenols. These substances can improve the cellular defenses against oxidative 

stress and scavenge free radicals. Specifically, in a variety of experimental scenarios, curcumin, resveratrol, and quercetin have 

demonstrated antioxidant action. In the setting of Parkinson's disease, their capacity to lower oxidative stress may potentially 

shield dopaminergic neurons from degeneration [52]. Another subclass of polyphenols present in whole grains and seeds, 

lignans, has shown promise in lowering neuroinflammation and boosting neurotrophic factors like brain-derived neurotrophic 

factor (BDNF) [53]. 
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c) Curcumin  

 Curcumin, a polyphenolic molecule derived from the rhizome of the plant Curcuma longa, is also referred to as 

diferuloylmethane. Research using an antiparkinsonian rat model showed that curcumin treatment may reduce Parkinson's 
disease symptoms by damaging dopaminergic neurons and depleting dopamine [54]. Curcumin has been shown to have a 

number of neuroprotective qualities, such as reducing neuroinflammation, inhibiting the aggregation of misfolded proteins, and 

chelating metal ions' antioxidation [55]. 

 

d) Nicotine  

 The alkaloid nicotine, which is naturally present in tobacco (Nicotiana tabacum), has shown encouraging neuroprotective 

effects in Parkinson's disease [56]. Two Parkinson's disease patients who received the nicotine patch and gum for varying 

lengths of time over several months also showed symptom reduction [57]. 

 

4) Surgical treatments 

 Surgery and DBS may be the last possibilities for treatment when PD symptoms are really severe and drugs are unable to 
alleviate them. It involves a neurostimulator device, a brain implant known as a "brain pacemaker," transmitting electrical 

impulses to certain brain regions (often sub-thalamic nucleus or globus pallidus, which connect with the substantia nigra (SN)). 

The subthalamic nucleus (STN) is often the target region of deep brain stimulation (DBS). The effectiveness of the procedure 

may be increased by stimulating the dorsolateral STN boundary [58]. When dyskinesia and motor fluctuations become 

incapacitating, even when levodopa is effective in treating the motor symptoms, surgery is the recommended course of action. 

On average, ten to thirteen years have passed since the Parkinson's disease diagnosis before DBS is carried out [59]. 

 

i. Ablative surgery 

 The goal of ablative treatments for neurological conditions is to eliminate a specific amount of brain tissue [60]. The most 

dangerous of the three main surgical procedures is ablative surgery, which is also the oldest. Surgical options include 

pallidotomy, thalamotomy, and subthalamotomy [61]. Here, we go over three ablative treatments for Parkinson's disease (PD): 

MRI-Guided Focused Ultrasound (MRgFUS), Stereotactic Radiosurgery (SRS), and Radiofrequency ablation (RF ablation). 
Although DBS and MRgFUS have essentially replaced radiofrequency ablation, radiofrequency ablation is still used in areas 

with limited resources, as these treatments are costly and technologically complex. 

 

ii. Radiofrequency ablation 
    Using heat and an intracranial electrode connected to an RF generator, the interstitial RF method creates a lesion [62]. Except 

for the tip, where the active electrode is situated, this electrode is electrically isolated. Electric current travels between the active 

and dispersive electrodes in the circuit when the generator is turned on. Nearby charged ions in the electrolyte medium travel 

back and forth in space at the same high frequency, which is usually around 500,000 cycles per second for the majority of 

modern generators, as a result of the electric field between the two contacts oscillating with the RF frequency [63]. 

 

iii. Stereotactic Radiosurgery (SRS) 
 Ionizing radiation, which is any radiant entity with sufficient energy to extract an electron from an atom and produce ions, 

is how energy is supplied to the target in SRS [64]. SRS lesioning is a non-invasive technique that administers a single dose of 

ionizing radiation to an intracranial target volume using computerized dosimetry planning and image-guided stereotaxy. 

Radiation is delivered using a variety of equipment, including linear accelerators and GammaKnife® [65]. 

 

 iv. MRI-Guided Focused Ultrasound (MRgFUS) 

 FUS performs thermal ablation by directing high-intensity focused ultrasound beams into an intracranial area. This 

technique, known as MR-guided FUS (MRgFUS), has rekindled interest in lesion treatments for movement disorders by 

enabling precise targeting and real-time monitoring of the lesion through the combination of MRI-guidance and MR-

thermography [66]. Tissue is destroyed locally at the focus when ultrasonic mechanical energy is absorbed within the focal 

target volume and transformed into heat [67]. 
 

3. Conclusion  
 According to current research on the pathophysiology of Parkinson's disease, oxidative stress is the primary cause of the 

disease's development, while genetic expression may also play a role. Excessive production of reactive oxygen species (ROS) 

brought on by oxidative stress results in lipid peroxidation, protein degradation, DNA damage, and alpha synuclein aggregation, 
which in turn promotes mitochondrial dysfunction and dopamine neurotransmitter neurotoxicity. Although neuroprotective 

medications cannot completely reverse this oxidative damage, a different line of research proposes that Parkinson's disease can 

be improved in order to lessen symptoms. All of the significant pharmacological features of pharmaceuticals that are now on 

the market as well as surgical methods that can be used to treat and manage Parkinson's disease are covered in a streamlined 

review. Even though there isn't a cure for the loss of dopaminergic neurons, the present treatments don't guarantee a significant 

improvement in symptoms. There is still hope for the development of an efficient treatment for the symptoms and 

neurodegeneration of dopaminergic neurons, despite the existence of commercially available medications such as dopaminergic 

agonists and dopamine. 
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