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Abstract: A prevalent neurodegenerative condition known as Parkinson's disease (PD) is characterized by a movement disorder 
with bradykinesia, rest tremor, rigidity, and postural instability. The majority of contemporary PD treatments are predicated on 
restoring dopaminergic tone in the striatum; however, there are few effective choices available. These, however, do not change 
the course of the disease and do not address the dopamine-independent symptoms of PD, such as freezing gait, cognitive 
impairment, and other non-motor aspects of the condition, which frequently have the biggest effects on quality of life. 
Novel therapy approaches are developing as our understanding of Parkinson's disease pathophysiology increases. These include 
therapies that target PD symptoms while avoiding the unfavorable side effects associated with currently available therapies, as 
well as therapies that halt pathology, minimize neuronal loss, and moderate disease progression. 
This article discusses some promising approaches that are currently being researched in the laboratories or are in the clinical 
trial phase such as cell based therapies, gene therapy, neuronal therapy, infusion therapy, neuron regeneration and novel drug 
approaches, which can pose as the future for the treatment of Parkinson’s disease.  
Keywords: Parkinson’s disease, drug repurposing, immunotherapies, gene therapies, neural grafting, neuron regeneration, 
neural stem cell, transplantation, NTRC-3531-O, non-phamacological treatment. 
 

I. INTRODUCTION 
The name Parkinson disease (PD) honours James Parkinson, whose 1817 monograph "An Essay on the Shaking Palsy" provided a 
comprehensive account of the clinical characteristics of this ailment. (1) PD is the second most common neurodegenerative disorder, 
with an average age at onset of about 60 years. An estimated 5 million people throughout the world have PD, with 1 million 
individuals each in the United States and in Europe with the disorder. PD affects approximately 0.3% of the population and 1% to 
2% of those older than 60 years. (2) With the aging of the population and the substantial increase in the number of at-risk 
individuals older than 60 years, it is anticipated that the prevalence of PD will increase dramatically in the coming decades. (3) 
Parkinson’s disease (PD) is a common neurodegenerative disease characterized by a movement disorder consisting of bradykinesia, 
rest tremor, and rigidity, along with postural instability, a range of other more-subtle motor features, and many non-motor features. 
(4) Many of the core motor features result from the loss of a specific population of neurons: the dopaminergic neurons of the 
substantia nigra pars compacta, which project axons to the striatum (5, 6) As such, most of the current pharmacological treatment 
approaches for PD aim to restore dopaminergic tone in the striatum. Whilst often effective at improving motor function, current 
treatments are associated with significant side effects due to delivery of dopamine to extra-striatal regions, variability in their 
absorption and transit across the blood–brain barrier, and the non-physiological continuous release of dopamine and its effects on 
the dopamine receptors within the basal ganglia (7, 8). Many features of PD (such as cognitive impairment and autonomic 
dysfunction) have a mainly non-dopaminergic basis, resulting from neurodegeneration at other sites in the central nervous system as 
well as the enteric and autonomic nervous systems (6, 9). It is often these features that have the most detrimental impact on the 
quality of life of patients with PD, yet treatment options remain limited for these elements of disease. Levodopa, the precursor of 
dopamine, was first developed for the treatment of PD in the 1960s and continues to be the most-effective therapeutic agent for PD 
in 2020 (10). Since then, more dopaminergic medications have been employed, including dopamine metabolism inhibitors as well as 
dopamine receptor agonists, but these are generally less well tolerated and less effective. Thus, there is an urgent need for better 
therapies, including disease-modifying treatments. However, the requirement for relevant preclinical disease models for testing such 
agents and the lack of robust biomarkers for diagnosing PD and the identification of prodromal disease, which would allow for 
treatment before significant neuronal loss had occurred, pose barriers to drug discovery. It is on this background that a number of 
new developments are emerging that may transform the management of PD over the coming years, and we will now discuss those 
that are in, or soon to be in, clinical trials. 
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II. TREATMENT STRATEGIES FOR PARKINSON DISEASE 
A. Drugs used in treatment of PD 
1) Levodopa  
Levodopa is a potent dopamine precursor that effectively improves the motor symptoms of PD (229). However, adverse effects such 
as dyskinesia, nausea, and hallucinations have historically limited its use among older patients with substantial physical impairment 
(230). The National Institute for Health and Care Excellence (NICE) recommends offering levodopa to patients in the early stages 
of PD whose motor symptoms impact their quality of life, regardless of age (231). Patients may experience a wearing-off effect and 
fluctuating efficacy with levodopa, necessitating additional medications (232, 233) or need to discontinue because of adverse events. 
Anecdotally, levodopa is being used earlier in treatment than in previous years, but possibly at a low dose when used in the 
beginning stages of the disease. 
 
2) Levodopa-Carbidopa 
The combination of levodopa-carbidopa is a mainstay in Parkinson's disease (PD) treatment. Generally, catechol-O-methyl 
transferase (COM-T) inhibitors, monoamine oxidase-B (MAO-B) inhibitors, and dopamine agonists are used simultaneously with 
levodopa to reduce motor fluctuations. Despite use of optimal oral medications, patients progressively develop persistent motor 
fluctuations such as wearing-off and delayed “On” time characterized by predictable or unpredictable swings from mobility to 
immobility.(234) Even with optimal oral treatments, dyskinesias are often challenging to manage.(235,236) 
Dyskinesias are among the most troublesome symptoms in advanced PD. Approximately 50% of patients present with dyskinesia 4 
to 5 years after treatment initiation and approximately 90% after 9 years.(234,237) Dyskinesias are thought to result from pulsatile 
stimulation of postsynaptic dopaminergic receptors caused by multiple oral levodopa dosing. Multiple oral levodopa doses may 
cause unstable levodopa levels in plasma and, consequently, unstable dopamine levels in the basal ganglia due to severe 
neurodegeneration, irregular absorption, unpredictable variability in gastric emptying, and the brief half-life of levodopa. (238-242) 
Thus, dyskinesias in PD may result from drug therapy, specifically levodopa treatment (243). Dyskinesia treatment options include 
oral amantadine, continuous subcutaneous apomorphine infusion, and deep brain stimulation (DBS). However, DBS may not be 
available or suitable for all patients. More treatment options are needed for patients with advanced PD. One option may be 
continuous levodopa delivery (238,244).  
Percutaneous endoscopic gastrostomy with J tube extension (PEG-J) delivers levodopa-carbidopa intestinal gel (LCIG) continuously 
to the upper intestine with the use of an external pump. Levodopa plasma levels are more consistently maintained with LCIG 
compared to traditional oral levodopa therapy, which reduces the risk of motor problems including dyskinesia. (245,246) 
Various therapeutic strategies may be adopted when starting treatment of Parkinson's disease in an attempt to delay and minimise 
the long term complications associated with levodopa. One approach is to start treatment with low dose levodopa and, if the efficacy 
declines, to add a dopamine agonist instead of increasing the levodopa dose.(247) Conversely, treatment may be started with a 
dopamine agonist or alternative symptomatic agent and low dose levodopa added later if required. Finally, it has been suggested that 
treatment should be initiated with a combination of low doses of levodopa and a dopamine agonist (248). 
Dopamine agonists mimic the endogenous neurotransmitter and act directly on dopamine receptors to produce antiparkinsonian 
effects. (249) Ergoline and non-ergoline agonists are the two subtypes of dopamine agonists. These two subclasses aim to bind to 
D2-type dopamine receptors. Bromocriptine, pergolide, lisuride, and cabergoline are ergoline dopamine agonists; ropinirole and 
pramipexole are non-ergoline agonists. The combination D1 and D2 agonist apomorphine, one of the first dopamine agonists to be 
shown to alleviate parkinsonian symptoms, must be injected subcutaneously. (250-252) 
DA are primarily used in the earlier stages of PD and as adjunct therapies. Ropinirole and pramipexole are also available in 
extended-release (ER) formulations. Ropinirole ER is more efficacious compared to its immediate-release (IR) formulation [253]. 
While pramipexole ER would still have the benefits of more convenient dosing, no difference was noted in tolerability compared to 
the IR formulation (254). 
 
3) COMT Inhibitor 
Levodopa, as well as DA itself, is broken down by the widely distributed enzyme catechol-O-methyltransferase (COMT). Levodopa 
is made more readily available by COMT inhibitors, but their effects are not delayed. The current prescription for COMT inhibition 
is in advanced PD patients who have developed wearing off or "on-off" swings and require additional levodopa medication. 
[255,256] 
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However, COMT treatment in the earlier stages of PD may also be worthwhile by preventing or delaying motor complications. 
COMT inhibition as a new treatment, strategy for PD has been recently comprehensively reviewed. [257,258] 
Tolcapone and entacapone have undergone extensive testing as COMT inhibitors thus far. While the use of tolcapone or entacapone 
frequently reduces or eliminates motor fluctuations such as "off" periods, peak dose dyskinesias might be exacerbated or triggered, 
necessitating a decrease in levodopa dosage on an individual basis. The patients' quality of life was demonstrated to be enhanced by 
both medications. Due to suspected liver toxicity, tolcapone was recently taken off the market in the majority of nations. But the 
precise connection to drug exposure is still unclear. Entacapone must be taken with every levodopa dose because its short 2-hour 
duration of action necessitates it (or even more frequently). Especially for people being treated with other medications, 
combinations of levodopa, entacapone, and a decarboxylase inhibitor may be advantageous. It might also be beneficial to use 
entacapone's long-acting derivatives or sustained-release formulations. 
 
4) MAO Inhibitors 
Monoamine oxidase inhibitors are what prevent the monoamine oxidase enzyme from working. Neurotransmitters such as 
norepinephrine, serotonin, dopamine, and tyramine are broken down by the monoamine oxidase enzyme. The levels of these 
neurotransmitters are raised by MAOIs, which prevent their breakdown, allowing them to continue to have an effect on the cells that 
have been damaged by depression. [259] 
Monoamine oxidase comes in two varieties: A and B. While MAO B is found in the brain, liver, and platelets, MAO A is mostly 
found in the placenta, gut, and liver. While tryptamine, phenylethylamine, and methylhistamine are substrates of MAO B, serotonin 
and noradrenaline are substrates of MAO A. Both MAO A and B metabolise dopamine and tyramine. Safinamide is a reversible and 
selective MAO B inhibitor while selegiline and rasagiline are irreversible and selective MAO type B inhibitors. [260] 
Selegiline and rasagiline are selective MAO-B inhibitors used in early PD as well as those with motor fluctuations, but these are 
generally weak agents. These drugs reduce the degradation of dopamine thus increasing its CNS concentrations. Selegiline is dosed 
in the morning and afternoon because it has amphetamine-like metabolites which can cause insomnia. A study which evaluated 
whether selegiline had neuroprotective effects showed that patients treated with selegiline needed levodopa later than the control 
group, suggesting disease modification properties [261].  However, the results were confounded by the drug’s mild antiparkinsonian 
and anti-depressant effects [262]. Therefore, it does not have a neuroprotective indication. 
Rasagiline has no current role as a disease-modifying treatment.  
Safinamide is a newer MAO inhibitor that also blocks voltage-gated sodium channels and calcium channels, reducing glutamate 
release and transmission [263]. It is given once daily (50-100 mg/day) and increases an “on” time without troublesome dyskinesias 
[264]. 
 
5) Amantidine 
Amantadine has been used for a very long time for symptomatic amelioration of PD [267]. However, this symptomatic benefit is of 
limited value in early PD [268]. Amantadine is often used to treat dyskinesias because of its antiglutamatergic property. It is also 
thought to block dopamine reuptake, stimulate the release of endogenous stored dopamine, and has a mild anticholinergic effect. 
Anticholinergics 
Anticholinergics have been used for the treatment of PD even before the advent of levodopa and dopamine agonists. Benztropine 
and trihexyphenidyl antagonize acetylcholine at muscarinic receptors postsynaptic to striatal interneurons. They are used primarily 
for the treatment of tremor in PD. There is compelling evidence that the long-term use of anticholinergics in PD contributes to 
dementia even in younger PD patients [265,266]. Therefore, these medications have limited use in modern clinical practice. 
Adenosine A2 receptor antagonist 
Istradefylline is an A2A adenosine receptor antagonist that has been approved by the FDA for motor fluctuations. It reduces the 
excitability of the indirect pathway by modulating GABAergic transmission [269]. It is available in 20 mg and 40 mg formulations 
and is administered once daily. It has been shown to reduce “off” time by about 0.7 hours compared to placebo [270]. 
Botulinum Toxin 
Botulinum toxin inhibits the release of acetylcholine from the presynaptic terminals by affecting SNARE and SNAP proteins [271]. 
Currently, four different preparations are FDA approved in the USA, including onabotulinum toxin Incobotulinum toxin A 
(Xeomin), abobotulinum toxin A (Botox), abobotulinum toxin B, and abobotulinum toxin A (Dysport) (Myobloc). It can be used to 
treat various symptoms associated with advanced PD.otulinum toxin injected into the parotid and submandibular glands is beneficial 
[271,272].  
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Dystonia can occur in about 30% of patients and may be more likely in younger patients. Dystonia can occur in the “off” state as 
well as the “on” state. Botulinum toxin can result in improvement of dystonia and has also been shown to be effective for striatal 
limb deformities [273,274] 
Botulinum toxin can be potentially injected for refractory tremor, but its use is often limited due to causation of limb weakness. 
 

III. RECENT ADVANCEMENT 
A. Fetal nigral transplantation 
Cell-based therapies have been studied based on the notion that transplantation of dopaminergic cells could replace dopamine 
neurons, which degenerate in PD, and restore dopaminergic function in a more physiologic manner than can be achieved with oral 
therapies [11] Fetal nigral transplantation has been the best studied of these approaches to date. Numerous laboratory studies have 
demonstrated that embryonic dopaminergic neurons implanted into the denervated striatum can survive, extend axons, provide 
organotypic innervations of the striatum, produce dopamine, and provide behavioral benefits in the  6-hydroxydopamine (6-OHDA) 
rodent and MPTP-monkey. [12] studies have served as the basis for initiating clinical trials in patients with PD. Many transplant 
variables can influence whether or not implanted cells survive and the likelihood that clinical benefits will ensue. 
These include donor age, number of donors, method of storage, type of tissue transplantation, site of implantation, distribution of 
tissue, the use of immunosuppressants, and the prerequisites for patients. [12] To date, there is no universal agreement on the 
optimal transplant protocol. Open-label clinical trials using a variety of different transplant regimens produced variable clinical 
results. Some reported long-term clinical benefits with improvement in motor function during “off ” time, increased “on” time 
without dyskinesias, and patient entrance requirements, as well as substantially higher striatal FD uptake on PET. [13-16] 

 
B. Infusion Therapies 
Infusion therapies offer a nonsurgical means of potentially reversing established motor complications. The treatment is based on the 
principle that continuous infusion of a dopaminergic agent provides more constant and physiologic activation of striatal dopamine 
receptors than is accomplished with intermittent administration of the same drug, and thereby reduces the risk of motor 
complications. Indeed, in all instances where it has been tested, continuous administration of a short-acting, dopaminergic agent is 
associated with a reduced frequency of motor complications compared with intermittent administration of the same agent. [17,18,19] 
Continuous infusion of either levodopa or a dopamine agonist (apomorphine and lisuride) has been tested in patients with advanced 
PD and consistently been reported to reduce the frequency of motor complications. In one prospective study, patients randomized to 
receive a continuous subcutaneous infusion of lisuride had significant reductions in both “off ” time and dyskinesia compared 
patients receiving common oral dopaminergic drugs [20]. 
Benefits persisted throughout the 4-year duration of follow-up. Similar results have been observed with continuous infusion of 
apomorphine. Dopamine agonists (perhaps with the exception of apomorphine), however, do not provide benefits comparable with 
levodopa, and it would theoretically be preferable to offer continuous infusion of levodopa. However, levodopa must be maintained 
at a low pH to maintain stability, and accordingly must be delivered in large volumes, making continuous subcutaneous or 
intravenous infusion somewhat problematic. Methyl levodopa can be administered in a much smaller volume and can be delivered 
subcutaneously by an insulin mini-pump or by continuous intraintestinal infusion. One study examined the effect of continuous 
intraintestinal infusion of methyl levodopa in patients with advanced PD who;had severe motor complications. When they were 
switched from standard oral formulations of levodopa to continuous infusion of levodopa, they had a marked reduction in both 
“off ”time and dyskinesia [17]. The Duodopa system uses a gel to reduce the volume that must be administered, and is now being 
developed for commercial use. Initial studies demonstrated substantial improvement in both “off ” time and dyskinesia, and many 
patients have continued to experience these advantages after a 4–7 year period of follow-up. [21-23]Double-blind studies to test 
Duodopa infusion in patients with advanced PD in prospective, double-blind trials are now being organized. [17] 

 
C. Gene Therapies 
Gene delivery approaches are also being actively investigated as a possible treatment for PD. In this technology, viruses are used as 
vectors to introduce the DNA of a desired protein into the genome of cells within a specific brain target. Furthermore, promoters can 
ensure that the virus vector infects specific brain cells (e.g., TH promoter targets dopamine cells). This sequence can thus potentially 
result in continuous production of the desired therapeutic protein in the desired target region of the brain. Most human studies have 
used the adeno-associated virus serotype 2 (AAV-2) as the vector, as AAV-2 does not induce an immune response and permits long-
term expression of the transgene.  
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Three different gene therapy approaches are currently being tested in PD. The first delivers AADC to the striatum to promote the 
continuous conversion of levodopa to dopamine. This approach has been shown to provide benefits in MPTP monkeys, and is 
currently being studied in patients with PD.  
A second approach used glutamic acid decarboxylase delivered to the STN to promote the formation of GABA, with the intention of 
inhibiting overactive neuronal firing in this nucleus. An open-label, 12-month trial in 12 patients with PD demonstrated significant 
improvement in UPDRS scores with no serious adverse effects. [24,25] A third approach involves gene delivery of the trophic factor 
neurturin to the striatum.  
Trophic factors have attracted considerable attention as possible therapies for PD based on their capacity to protect in vitro and in 
vivo dopamine neurons from a variety of toxins. Glial-derived neurotrophic factor (GDNF) specifically has been shown to protect 
SNc dopamine neurons in MPTP monkeys even when administered weeks after the toxin. Although an open-label clinical trial 
reported that direct infusion of GDNF into the striatum provided significant benefits, these results were not confirmed in a double-
blind, placebo-controlled trial. This may relate to point source delivery of the trophic factor with inadequate diffusion of the protein 
throughout the target region. Gene therapy offers the potential to provide more diffuse distribution of the therapeutic protein through 
the brain target. In MPTP monkeys, gene delivery of GDNF was diffusely distributed throughout the striatum, and provided motor 
benefits, restoration of striatal TH staining, and protection of SNc dopamine neurons. Neurturin is a trophic factor in the GDNF 
family that has been demonstrated to protect and enhance dopaminergic function neurons in both aged and MPTP-lesioned monkeys 
(figure 26). In these studies, AAV-2-neurturin had an excellent safety profile and was not associated with any toxicity or immune 
reactivity. In a phase 1, open-label study, AAV-2 was used to deliver neurturin to the striatum of 12 patients with advanced PD. 
Significant improvement was observed in UPDRS scores during practically defined “off ” and “on” time without dyskinesia. On the 
basis of these pilot results, a double-blind, placebo-controlled study of AAV-2- neurturin was performed. [26-34] 
 
D. Immunotherapies  
The pathological hallmark of PD is the presence of abnormal aggregates of α-synuclein10. The role of α-synuclein in PD is not clear, 
but it is presumed to play a central pathogenic role Potential pathogenic mechanisms of α-synuclein include dysfunction of vesicular 
transport, perturbations in the lysosome–autophagy system, mitochondrial dysfunction, and oxidative stress, for example. [35] 
Utilizing antibodies to specifically target and destroy extracellular -synuclein and so stop it from "infecting" nearby cells is one 
experimental strategy for limiting the spread of the protein. In animal models, approaches for -synuclein immunisation via passive 
and active immunisation have been demonstrated to have neuroprotective effects, and now preliminary clinical trial data for humans 
is beginning to emerge.  
Antisense oligonucleotide and ribonucleic acid (RNA) interference techniques to decrease its synthesis are two other strategies to 
lower levels of -synuclein, albeit both are still in the preclinical stages of development. [36-38] 
A humanized monoclonal antibody targeting the C-terminus of aggregated α-synuclein (prasinezumab or PRX002, Prothena) has 
been shown to reduce free serum α-synuclein by approximately 97% and to be well tolerated in phase I clinical trials with a phase II 
trial currently underway (NCT03100149). 
Another antibody, BIIB054 (Biogen), targeting the N-terminal portion of α-synuclein reduces the propagation of α-synuclein 
pathology and improves the motor phenotype in a PD model involving injection of α-synuclein pre-formed fibrils into mice. This 
antibody has also been found to be well tolerated in humans and is under investigation in a phase II clinical trial (NCT03318523). 
[39-41] 
The company AFFiRiS are approaching this problem in a different way by investigating a range of treatments consisting of α-
synuclein fragments or α-synuclein-mimicking epitopes designed to induce an active immune response against α-synuclein, with 
phase I trials completed (NCT01568099 and NCT02267434). These products have been administered subcutaneously in early trials 
and seem to be well tolerated. One of these, AFFITOPEPD01A, conveyed a dose-dependent immune response to the peptide itself 
and to α-synuclein and is now being taken forward to phase II trials. 
 
E. Dopaminergic Neuron Regneration 
Alternatively, the use of astrocytes as the starting cell type for in vivo direct reprogramming to obtain functional neurons has been 
paid extensive attention in recent years due to their ubiquitous distribution in the CNS and their proximity in lineage distance to 
neurons. [44] 
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F. Endogenous Regeneration 
The discovery that neurogenesis still takes place in the SGZ136 and SVZ137 in the adult brain has instigated intensive research into 
whether it is possible to rejuvenate the aging or diseased brain by awakening endogenous regenerative capacity. [45] Changes in the 
proliferation or neurogenesis capability in the SVZ during PD are highly debatable. One study reported a decrease in the number of 
proliferating precursor cells in the SVZ of PD patients. However, other researchers found no appreciable variations in NSC 
proliferation between controls, accidental PD cases, and PD patients in the SVZ. [46] Different studies have shown that DA 
neurogenesis occurs in adults. The earliest evidence was reported by Lie et al., demonstrating that the SN of adult rats contains 
neural progenitor cells (NPCs) that can differentiate into neurons in vitro but only into glial cells in vivo.[47] 

 
G. Transplantation of Dopamine Secreting Cells 
The first cell therapy studies in animal models of PD were performed in late 1970s in rats using fetal rat dopamine-containing 
neurons as donors with the aim of restoring striatal dopamine levels. [48-49 In the initial transplantation of mesencephalic tissue 
from rat embryo to rats, further steps included transplantation of mesencephalic dopaminergic neurons, taken from mouse embryos 
or human fetuses, into dopaminergically denervated striatum of recipient rats or MPTP-monkeys.[50] Among the most promising 
new experimental approaches developed within the last few years is the intrastriatal transplantation of carotid body (CB) tissue. 
Autotransplantation of dopaminergic CB cell aggregates has been reported to effect notable histological and functional recovery in 
parkinsonian rats and MPTP-treated Monkeys. [51,52] 
Transplantation of dopamine-secreting cells in advanced PD patients was initiated in the mid 1980’s. Despite highly variable 
clinical outcomes of these studies, with excellent results reported in selected patients but only modest effects in most cases,  
Clinical trials resulting in higher impact have been those employing adrenal medulla, mesencephalic neurons or carotid body [53] as 
donor tissues.  
The transplantation of adrenal tissue was soon abandoned due to relatively high morbidity/mortality associated with dual 
(abdominal and cranial) surgery and the development of other therapeutic approaches. On the other hand, transplantation of fetal 
mesencephalic neurons constitutes a technology that has dominated clinical trials in cell therapy applied to PD patients for the last 
15-20 years.[54] The CB is a tissue particularly attractive for antiparkinsonian cell therapy because it combines properties necessary 
for both dopamine cell replacement and neuroprotection.  
The CB contains highly dopaminergic neuron-like glomus cells that express tyrosine hydroxylase (TH), the rate-limiting enzyme in 
the synthesis of dopamine. [55] 
A major advantage of CB with respect to fetal mesencephalic neurons is that the former can be used for autotransplant ation since its 
unilateral surgical thus circumventing most limitations of fetal transplants. Favourable results in preclinical studies encouraged the 
realization of   two pilot phase I/II open test to feasibility,safety and clinical efficacy of autotransplantation in PD.[53] CB based cell 
therapy is also trying to take advantage of stem cell technology to improve the efficacy of transplantation treatment.A new 
population of adult CB specific neural progenitors have recently been described within the organ. 
These cells are neural crest-derived and able to form neurospheres in vitro. Moreover, progenitors within these neurospheres 
spontaneously differentiate into dopaminergic glomus cells, which are histologically and functionally similar to those studied in the 
organ in situ. 
However, the CB neurospheres on the amelioration of PD symptoms in animal models of the disease is still under evaluation. CB 
progenitors are also present in adult and elderly human CB parenchyma and they can form neurospheres in vitro.[56] 
 
H. TDO Inhibition as a Therapeutic Surgery 
Age-related a-synuclein toxicity in Caenorhabditis elegans has been found to be inhibited by inhibiting the production of the L-
tryptophan-catabolizing enzyme tryptophan 2,3-dioxygenase (TDO). A brain-permeable, small molecule TDO inhibitor known as 
NTRC 3531-0 was created to test TDO inhibition as a potential therapy approach for Parkinson's disease. In cell-based and 
biochemical studies, this substance effectively suppresses human and mouse TDO. Parallel evaluations were conducted on the 
structurally different TDO inhibitor LM10. Rotenone-induced motor and cognitive impairment, as well as dopaminergic cell death 
and neuroinflammation in the substantia nigra, were all ameliorated by both inhibitors. [57] Consistent with this, mice treated with 
TDO inhibitor showed decreased expression of rotenone-induced glial fibrillary acidic protein, which is a marker of enteric glial 
cells, and decreased a-synuclein accumulation in the enteric plexus.The available data supports TDO inhibition as a potential 
therapeutic strategy to decrease motor, cognitive, and gastrointestinal symptoms in Parkinson’s disease. [57] 
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IV. FUTURE DIRECTIONS FOR PD 
A. Treatment of Early PD 
Symptomatic therapy for the classic motor features found in patients with early PD is usually satisfactory and does not represent a 
major need at this time. Rather, there remains a need for therapies that provide antiparkinsonian benefits that do not induce motor 
complications. An early treatment strategy that prevents the development of motor complications would enhance the quality of life 
of patients with PD and greatly simplify their later management.  Much effort has been directed toward achieving this goal. As 
discussed in detail above, current evidence suggests that motor complications are related, at least in part, to the downstream 
consequences of non-physiologic, pulsatile stimulation of dopamine receptors. On the basis of these observations, it is hypothesized 
that the risk of inducing motor complications would be lower with therapies that provide more CDS. (276). It is now clear that 
starting symptomatic treatment with a long-acting dopamine agonist lowers the risk of motor problems than short-acting 
medications like levodopa. Even when used in conjunction with a dopamine agonist, levodopa—which raises the risk of motor 
complications—is eventually required by patients since dopamine agonists' effectiveness is very limited. Therefore, much work has 
gone into creating dopamine agonists that are more powerful yet cause even less pulsatile stimulation than the currently available 
long-acting drugs.  Transdermal formulations of rotigotine or lisuride, and the extended release formulation of ropinirole, provide 
relatively stable plasma levels of these drugs and should, therefore, be associated with relatively continuous stimulation of dopamine 
receptors and a low risk of dyskinesia. However, existing dopamine agonists have very little tendency to induce motor 
complications, and no additional advantage with respect to dyskinesia has been detected with cabergoline, which has a very long 
half-life (approximately 48 hours). Furthermore, no dopamine agonist has been shown to prevent the need for levodopa. Therefore, 
it remains to be determined if new dopamine agonists and new delivery systems for dopamine agonists can provide any additional 
benefit compared with available agonists. More interest has focused on the possibility that a long-acting formulation of levodopa 
will reduce dyskinesia associated with the standard short-acting form of the drug.(277)Although it has proven difficult to develop 
such a formulation, it has been shown that levodopa administered in combination with a COMT inhibitor at 3-hour intervals 
provides a plasma pharmacokinetic profile that resembles Table 26 Future research directions Treatment of early PD Treatment of 
dyskinesias and motor fluctuations Interventions that restore function for patients with advanced PD Interventions that treat 
nondopaminergic features of PD Neuroprotective treatments PD  Parkinson disease. Neurology 72 (Suppl 4) May 26, 2009 S101 a 
levodopa infusion, and reduces the risk for motor complications in MPTP monkeys compared with levodopa alone.(278) The 
STRIDE-PD study failed to show any advantage of administering levodopa in combination with a COMT inhibitor at 3.5 hour 
intervals. Neurology 72 (Suppl 4) May 26, 2009 S101 a levodopa infusion, and reduces the risk for motor complications. 

 
B. Treatment of Dyskinesias and Motor Fluctuations 
Levodopa-induced dyskinesia can be an important source of disability for some patients, and perhaps more importantly, limit the 
utility of dopaminergic drugs to optimally control PD symptomatology.  The development of an effective antidyskinetic agent might 
permit dopaminergic agents to be administered in larger doses and thereby provide better control of parkinsonian motor features 
without fear of inducing worsened dyskinesia. CDS-based therapies have attracted attention as a treatment to prevent motor 
complications, but these approaches might also have a role in reversing established motor complications. Improvement in both 
dyskinesias and “off ” time has been observed with continuous delivery of a dopamine agonist or levodopa.(279,280)However, 
infusion therapies are not currently approved in the United States (although they are available in some other countries).  Continuous 
subcutaneous infusion of apomorphine and lisuride are currently being pursued for regulatory approval in the United States. It is 
anticipated that continuous levodopa infusion will provide even greater benefits. Continuous intraintestinal infusion of methyl ester 
levodopa has been shown to dramatically reduce “off ” time and dyskinesias.(279)Continuous intrajejunal infusion of Duodopa, a 
specially formulated levodopa gel, is currently being investigated. Furthermore, Duodopa infusion has been found to be superior to 
optimized combinations of conventional oral and subcutaneous medications in patients with motor fluctuations.  Continuous 
subcutaneous infusion of apomorphine and lisuride are currently being pursued for regulatory approval in the United States. It is 
anticipated that continuous levodopa infusion will provide even greater benefits. Continuous intraintestinal infusion of methyl ester 
levodopa has been shown to dramatically reduce “off ” time and dyskinesias.(279)Continuous intrajejunal infusion of Duodopa, a 
specially formulated levodopa gel, is currently being investigated. Furthermore, Duodopa infusion has been found to be superior to 
optimized combinations of conventional oral and subcutaneous medications in patients with motor fluctuations. [281] 
Continuous infusion of a dopaminergic agent offers an alternative to DBS that avoids the risks associated with intracranial surgery. 
Such treatments, however,use an infusion system that is cumbersome for both patient and caregiver, and in the case of levodopa, a 
surgical intervention is also required.  
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Infusions are also typically only administered during the waking day, and problems of nighttime akinesia and dystonia will have to 
be addressed. A pharmaceutical therapy would be preferable. The development of more compact infusion systems that use insulin 
pumps are being pursued.  
Several new pharmacologic approaches are currently being investigated as possible treatments for dyskinesia. These include 
adenosine A2A antagonists, opioid antagonists, 5HT2A agonists, 5HT2C antagonists, CB-1 antagonists, -2 antagonists, atypical 
neuroleptics, dopamine uptake inhibitors, antagonists of NMDA receptor subunits, selective muscarinic and nicotinic agonists, as 
well as novel and more traditional dopamine agonists 
Adenosine A2A receptors are localized to cholinergic interneurons and cell bodies of D2 receptorbearing striatal output neurons in 
the indirect pathway,(282)and have the capacity to influence acetylcholine, GABA, and dopamine release. In the dopamine-lesioned 
state, adenosine A2A antagonists reduce overactivity in D2-bearing striatal neurons that are thought to contribute to dyskinesia.[283] 
and prevent dyskinesia associated with the introduction of levodopa in the MPTP monkey.(284) The adenosine A2A antagonist 
KW6002 (istradefylline) has now been tested as add on therapy to levodopa in a 12-week, double-blind, placebo-controlled study in 
patients with advanced PD with dyskinesias and motor fluctuations.(285) Surprisingly, istradefylline reduced “off ” time by 0.7 hr/d 
compared with placebo, but did not reduce dyskinesias. 
These disappointing results may reflect that in animal models the drug reduced dyskinesia when it was initiated along with levodopa, 
whereas in the clinical trial the drug was administered only after dyskinesias had already emerged. Other more potent and selective 
A2A antagonists are being developed, and it is hoped that they will provide antidyskinesia and antiparkinsonian benefits if used in a 
manner that more closely replicates studies in animal models. 
Glutamate receptor antagonists and release inhibitors have also attracted attention as possible antidyskinetic agents. The NMDA 
receptor antagonists amantadine and dextromethorphan are associated with reduced dyskinesia in MPTP monkeys, and have been 
reported to improve dyskinesia in PD patients.286,287,288,289) These drugs are, however, associated with cognitive side effects 
that limit their utility as a treatment in patients with PD. Rimantadine is the -methyl derivative of amantadine, and has been shown 
to have motor benefits in PD in an open-label study and to be better tolerated than amantadine.(290,291) It has not yet been studied 
as a treatment for dyskinesia. 
AMPA receptor antagonists are also being studied based on their capacity to block excessive glutamatergic neurotransmission and 
to reduce dyskinesia in MPTP monkeys. Talampanel has been shown to reduce levodopainduced dyskinesias in the MPTP-treated 
monkey model without the toxic effects associated with NMDA receptor antagonists,[292]  and is currently being studied in a phase 
2 clinical trial. Perampanel is another AMPA receptor antagonist that is also being studied in PD. However, a recently completed, 
but as yet unpublished, placebocontrolled, double-blind study testing perampanel as an adjunct to levodopa showed no improvement 
in either “off ” time or dyskinesia compared with placebo.(293)Perampanel was well tolerated with no significant safety issues. Two 
additional phase 3 studies of perampanel in PD are ongoing.   
Striatal opioid binding is reduced in dyskinetic patients with PD patients consistent with the presence of raised enkephalin and 
dynorphin levels.(294) This suggests that opioid antagonists might be effective in the treatment of dyskinesia. Small clinical trials 
showed that the opioid antagonist naloxone,(295,296)but not naltrexone,(297,298) had some antidyskinetic effects, but so far this 
has not been further pursued.  
Nicotine has complex interactions with the basal ganglia, and nicotinic cholinergic activity has been shown to regulate dopamine 
release.(299)In an experimental study in MPTP monkeys, nicotine pretreatment markedly reduced peak and total levodopa-induced 
dyskinesias.(300) This suggests that either nicotine or nicotine agonists may have a role in the prevention of levodopa dyskinesia. 
Alpha 2 adrenergic receptor antagonists are also being explored as possible antidyskinetic agents. Activation of -2 adrenergic 
receptors facilitates movements produced by activation of the direct pathway, and it has been speculated that this might contribute to 
levodopa-induced dyskinesias.(301) 
The -2 adrenergic receptor antagonist fipamezole has been reported to reduce levodopa-induced dyskinesias without counteracting 
the antiparkinsonian effects of levodopa in the MPTP-lesioned marmoset model of PD.(302)This drug is currently in phase 2 
studies. Docosahexaenoic acid (DHA) is an omega-3 essential fatty acid that is found in fish oil. There is some evidence that a 
reduction in DHA may be associated with lowered serotonin levels in the brain and that this might reduce the risk of dyskinesia. In 
one experiment, DHA reduced dyskinesia in MPTPtreated parkinsonian monkeys without diminishing the effect of 
levodopa.(303)These promising results have not yet been tested in clinical trials in patients with PD.Lisuride TTS is currently being 
tested in phase 2 trials in the United States and Europe, with the goal of reducing levodopa-induced dyskinesias. Despite being 
ergot-derived, lisuride is devoid of 5-HT(2B) agonistic activity and to date has not been shown to induce fibrotic changes in heart 
valves as seen with other ergot-derived agonists.(304) 
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C. Interventions that Treat Non-Dopaminergic Features of PD 
The development of nondopaminergic features, such as dementia, postural instability, gait disturbances, and autonomic dysfunction, 
are among the most disabling aspects of PD for many patients. Yet, we have very little in the way of effective treatment for many of 
these important problems. Dementia is perhaps the most important source of disability for patients with advanced PD. 
Cholinesterase inhibitors offer only limited benefit in the treatment of PD-D and DLB.[311,312] 
There is some optimism that treatment of patients with PD with MCI will achieve benefits superior to those obtained for patients 
with MCI in the general aging population, and studies testing this hypothesis are anxiously awaited. Safinamide is the first agent to 
test the potential of a drug to influence the executive dysfunction that characterizes PD, but the magnitude of benefit seems to be 
small and may be common to other dopaminergic therapies. Even cholinesterase inhibitors have yet to be tested in patients with PD 
with executive dysfunction but without frank dementia. Clearly, newer and more effective therapies are required. There are effective 
treatments for the psychosis that frequently precedes PD-D, and this might represent an interesting population in which to test 
agents for treatment of early cognitive impairment. Symptomatic therapies exist for some of the features of autonomic dysfunction 
such as orthostatic hypotension, constipation, and urinary dysfunction, but there are no effective treatments for patients with gait 
dysfunction and postural instability that does not respond to levodopa. Preliminary data with stimulation of the PPN offers some 
promise, and is currently being investigated. More insight into the basis of thelocomotor defect that occurs in PD might provide new 
opportunities for novel therapies. The development of therapies to treat effectively or prevent these nondopaminergic features 
remains one of the major unmet medical needs in the management of PD. To facilitate achieving this goal, an animal model that 
replicates the nondopaminergic features of the disease would be of enormous value. 

 
D. Surgical interventions that Restore Function in Patients with Advanced PD. 
Surgical therapies have now become a part of the routine management of patients with advanced PD who experience disability 
related to levodopa motor complications that cannot be satisfactorily controlled with currently available medical therapy. Striking 
benefits, particularly with respect to dyskinesia, were initially observed with pallidotomy. This procedure has largely been replaced 
by DBS– STN and DBS–GPi, which avoid the need to lesion the brain and thereby avoid side effects associated with bilateral 
ablative procedures  Both DBS–STN and DBS–GPi seem to provide comparable benefits. Formal studies directly comparing 
stimulation of these two targets are being performed and their results should be available shortly. DBS–STN is the more widely 
performed procedure at most centers and may be the more effective, but recent studies suggest that there may be fewer serious 
adverse effects with DBS–GPI.(310)It should be noted that neither of these procedures have demonstrated improvement of “on” 
functions beyond what can be achieved with levodopa, and that their primary role is in the management of uncontrolled motor 
complications. Furthermore, DBS is not a benign procedure, and side effects can occur in relation to the surgical procedure, the 
stimulation system, stimulation itself, and the periodic need to replace the battery. Future research is focusing on new targets for 
stimulation such as the PPN for gait dysfunction and a variety of cortical brain targets that might improve psychiatric problems, 
including depression and compulsive behaviors. 
Transplantation strategies have generated considerable enthusiasm based on their potential to achievephysiologic dopamine 
reinnervation to the striatum without disrupting any component of the basal ganglia system. However, double-blind, controlled trials 
of fetal nigral transplantation failed to demonstrate significant benefit compared with placebo,(308,309) and transplantation was 
complicated by a previously undescribed form of dyskinesia that persisted even after the levodopa dose was lowered or stopped 
(offmedication dyskinesia). Additionally, no benefits of the transplant method have been shown in double-blind studies using foetal 
porcine nigral cells and retinal pigmented epithelial cells. Although these results are discouraging and have largely halted clinical 
trials for the present, post-hoc analyses suggest that transplantation of larger numbers of cells distributed more diffusely throughout 
the striatum, with more prolonged use of immunosuppressants, might lead to improved results in patients who are younger and have 
milder disease.(307) Stem cell therapies have captured the imagination of researchers and the lay public because of the potential of 
stem cells to provide an unlimited supply of optimized dopamine neurons. Although preliminary studies show benefits in dopamine-
lesioned rodents and monkeys, many obstacles remain to be overcome before clinical trials can be considered. These include 
determining the type of stem cell to be used, the ideal characteristics of the dopamine nerve cell to be used in transplants, as well as 
the transplantation procedure. 
In addition, it remains to be determined if transplanted cells can survive in adequate numbers, provide benefits superior to what has 
been achieved with fetal cells, and if stem cell transplantation is associated with a satisfactory safety profile. (306) Furthermore, 
societal concerns regarding the use of embryonic tissues must be resolved. The use of autologous stem cells has provided some 
optimism, but results to date are inferior to what can be obtained with ES cells.  
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Realistically, it does not seem that a cell-based therapy will be available for commercial use in the near term. It is also unreasonable 
to expect that any of the current dopaminergic cell-based therapies will satisfactorily address the many nondopaminergic aspects of 
PD. 

 
E. Neuroprotective Treatments. 
Perhaps the single most important unmet challenge in the management of PD is the development of a neuroprotective therapy that 
slows or stops disease progression. Laboratory clues have provided us with many rational approaches to protecting or restoring 
function to nerve cells that degenerate in PD. Candidate targets include oxidative stress, mitochondrial dysfunction, excitotoxicity, 
and signals associated with apoptosis. 
Proteolytic stress has attracted considerable attention because protein accumulation characterizes PD pathology. This might occur as 
a consequence of the increased production or impaired clearance of misfolded proteins, and may be diminished by agents that 
prevent the formation of misfolded proteins or promote their clearance through the proteasomal or autophage system. 
Genetic studies lend considerable support for the possibility that protein and/or mitochondrial abnormalities play a key role in cell 
death in PD, and thus present additional targets for novel drugs. Recent studies have also focused attention on the potential of 
calcium channel blockers to provide neuroprotection in PD. They demonstrate that dopamine neurons have an unusual reliance on 
L-type Ca(v)1.3 calcium channels to drive their pacing, which increases with age and makes them vulnerable to 
neurodegeneration.(305)Blocking these channels induces a reversion of these neurons to a more juvenile form of pacemaking and 
protects them in both in vitro and in vivo models of PD. This provides another exciting new target for development of a 
neuroprotective drug. 
 

V. CONCLUSIONS 
On the above studies and approaches the conclusion of this review article is that the new approaches are very efficient and effective 
as well in the Parkinson disease as compared to the long-term treatment management by drugs used in earlier. Future aspects are 
bright belief for patients that are suffers from pd. This review is a promising approach to every suffered patient of pd. 

 
REFERENCES 

[1] Parkinson J. An Essay on the Shaking Palsy. London: Whittingham and Rowland for Sherwood, Neely and Jones; 1817. 
[2] de Lau LM, Breteler MM. Epidemiology of Parkinson’s disease. Lancet Neurol 2006;5:525–535. 
[3] Lilienfeld DE, Perl DP. Projected neurodegenerative disease mortality in the United States, 1990–2040. Neuroepidemiology 1993;12:219 –228. 
[4] Kalia LV, Lang AE: Parkinson’s disease. Lancet. 2015; 386(9996): 896–912. 
[5] Dickson DW: Parkinson’s disease and parkinsonism: Neuropathology. Cold Spring Harb Perspect Med. 2012; 2(8): a009258 
[6] Selikhova M, Williams DR, Kempster PA, et al.: A clinico-pathological study of subtypes in Parkinson’s disease. Brain. 2009; 132(Pt 11): 2947–57. 
[7] Huot P, Johnston TH, Koprich JB, et al.: The pharmacology of L-DOPA-induced dyskinesia in Parkinson’s disease. Pharmacol Rev. 2013; 65(1): 171–222.8.  
[8] Jenner P: Dopamine agonists, receptor selectivity and dyskinesia induction in Parkinson’s disease. Curr Opin Neurol. 2003; 16 Suppl 1: S3–S7. 
[9] Braak H, Tredici KD, Rüb U, et al.: Staging of brain pathology related to sporadic Parkinson’s disease. Neurobiol Aging. 2003; 24(2): 197–211. 
[10] Cotzias GC, van Woert MH, Schiffer LM: Aromatic amino acids and modification of parkinsonism. N Engl J Med. 1967; 276(7): 374–9. 
[11] Lindvall O, Bjo¨rklund A. Cell therapy in Parkinson’s disease. NeuroRx 2004;1:382–393. 
[12] Olanow CW, Kordower JH, Freeman TB. Fetal nigral transplantation as a therapy for Parkinson’s disease. Trends Neurosci 1996;19:102–109. 
[13] Lindvall O, Sawle G, Widner H, et al. Evidence for longterm survival and function of dopaminergic grafts in progressive Parkinson’s disease. Ann Neurol 

1994;35:172–180. 
[14] Freeman TB, Olanow CW, Hauser RA, et al. Bilateral fetal nigral transplantation into the postcommissural putamen in Parkinson’s disease. Ann Neurol 

1995;38:379–388. 
[15] Peschanski M, Defer G, N Guyen JP, et al. Bilateral motor improvement and alteration of L-dopa effect in 2 patients with Parkinson’s disease following 

intrastriatal transplantation of foetal ventral mesencephalon. Brain 1994;117:487– 499. 
[16] Hauser RA, Freeman TB, Snow BJ, et al. Long-term evaluation of bilateral fetal nigral transplantation in Parkinson’s disease. Arch Neurol 1999;56:179 –187. 
[17] Stocchi F, Vacca L, Ruggieri S, Olanow CW. Intermittent vs continuous levodopa administration in patients with advanced Parkinson disease: a clinical and 

pharmacokinetic study. Arch Neurol 2005;62:905–910. 
[18] Blanchet PJ, Calon F, Martel JC, et al. Continuous administration decreases and pulsatile administration increases behavioral sensitivity to a novel dopamine 

D2 agonist (U-91356A) in MPTP-exposed monkeys. J Pharmacol Exp Ther 1995;272:854–859. 
[19] Bibbiani F, Costantini LC, Patel R, Chase TN. Continuous dopaminergic stimulation reduces risk of motor complications in parkinsonian primates. Exp Neurol 

2005; 192:73–78. 
[20] Stocchi F, Ruggieri S, Vacca L, Olanow CW. Prospective randomized trial of lisuride infusion versus oral levodopa in PD patients. Brain 2002;125:2058 –2066. 
[21] Antonini A, Isaias IU, Canesi M, et al. Duodenal levodopa infusion for advanced Parkinson’s disease: 12- month treatment outcome. Mov Disord 

2007;22:1145–1149. 
[22] Nilsson D, Nyholm D, Aquilonius SM. Duodenal levodopa infusion in Parkinson’s disease–long-term experience. Acta Neurol Scand 2001;104:343–348. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue X Oct 2022- Available at www.ijraset.com 
     

 
1272 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

[23] Muenter MD, Sharpless NS, Tyce GM, Darley FL. Patterns of dystonia (“I-D-I” and “D-I-D”) in response to L-dopa therapy for Parkinson’s disease. Mayo 
Clin Proc 1977;52:163–174. 

[24] Svendsen C. The first steps towards gene therapy for Parkinson’s disease. Lancet Neurol 2007;6:754 –756. 
[25] Bankiewicz KS, Forsayeth J, Eberling JL, et al. Long-term clinical improvement in MPTP-lesioned primates after gene therapy with AAV-hAADC. Mol Ther 

2006;14:564–570. 
[26] Gash DM, Zhang Z, Ovadia A, et al. Functional recovery in parkinsonian monkeys treated with GDNF. Nature 1996;380:252–255. 
[27] Gill SS, Patel NK, Hotton GR, et al. Direct brain infusion of glial cell line-derived neurotrophic factor in Parkinson disease. Nat Med 2003;9:589 –595. 
[28] Lang AE, Gill S, Patel NK, et al. Randomized controlled trial of intraputamenal glial cell line-derived neurotrophic factor infusion in Parkinson disease. Ann 

Neurol 2006; 59:459–466. 
[29] Salvatore MF, Ai Y, Fischer B, et al. Point source concentration of GDNF may explain failure of phase II clinical trial. Exp Neurol 2006;202:497–505. 
[30] Kordower JH, Emborg ME, Bloch J, et al. Neurodegeneration prevented by lentiviral vector delivery of GDNF in primate models of Parkinson’s disease. 

Science 2000;290:767–773. 
[31] Kotzbauer PT, Lampe PA, Heuckeroth RO, et al. Neurturin, a relative of glial-cell-line-derived neurotrophic factor. Nature 1996;384:467– 470. 
[32] Herzog CD, Dass B, Holden JE, et al. Striatal delivery of CERE-120, an AAV2 vector encoding human neurturin,enhances activity of the dopaminergic 

nigrostriatal system in aged monkeys. Mov Disord 2007;22:1124 –1132. 
[33] Kordower JH, Herzog CD, Dass B, et al. Delivery of neurturin by AAV2 (CERE-120)-mediated gene transfer provides structural and functional 

neuroprotection and neurorestoration in MPTP-treated monkeys. Ann Neurol 2006;60:706 –715. 
[34] Marks WJ Jr, Ostrem JL, Verhagen L, et al. Safety and tolerability of intraputaminal delivery of CERE-120 (aden-associated virus serotype 2-neuroturin) to 

patients with idiopathic Parkinson’s disease: an open label, phase I trial. Lancet Neurol 2008;7:400–408. 
[35] Fields CR, Bengoa-Vergniory N, Wade-Martins R: Targeting Alpha-Synuclein as a Therapy for Parkinson’s Disease. Front Mol Neurosci. 2019; 12: 299. 
[36] Sapru MK, Yates JW, Hogan S, et al.: Silencing of human alpha-synuclein in vitro and in rat brain using lentiviral-mediated RNAi. Exp Neurol. 2006; 198(2): 

382–90. 
[37] Lewis J, Melrose H, Bumcrot D, et al.: In vivo silencing of alpha-synuclein using naked siRNA. Mol Neurodegener. 2008; 3: 19. 
[38] McCormack AL, Mak SK, Henderson JM, et al.: Alpha-synuclein suppression by targeted small interfering RNA in the primate substantia nigra. PLoS One. 

2010; 5(8): e12122. 
[39] Schenk DB, Koller M, Ness DK, et al.: First-in-human assessment of PRX002, an anti-α-synuclein monoclonal antibody, in healthy volunteers. Mov Disord. 

2017; 32(2): 211–8. 
[40] Jankovic J, Goodman I, Safirstein B, et al.: Safety and Tolerability of Multiple Ascending Doses of PRX002/RG7935, an Anti-α-Synuclein Monoclonal 

Antibody, in Patients With Parkinson Disease: A Randomized Clinical Trial. JAMA Neurol. 2018; 75(10): 1206–14. Faculty Opinions Recommendation 
[41] Weihofen A, Liu Y, Arndt JW, et al.: Development of an aggregate-selective, human-derived α-synuclein antibody BIIB054 that ameliorates disease 

phenotypes in Parkinson’s disease models. Neurobiol Dis. 2019; 124: 276–88. 
[42] Chambers, S. M., and Studer, L. (2011) Cell fate plug and play: direct reprogramming and induced pluripotency. Cell 145, 827− 830. 
[43] Robel, S., Berninger, B., and Gotz, M. (2011) The stem cell potential of glia: lessons from reactive gliosis. Nat. Rev. Neurosci. 12, 88−104 
[44] Amamoto, R., and Arlotta, P. (2014) Development-inspired reprogramming of the mammalian central nervous system. Science 343, 1239882. 
[45] Lindvall, O., and Kokaia, Z. (2015) Neurogenesis following Stroke Affecting the Adult Brain. Cold Spring Harbor Perspect. Biol. 7, a019034. 
[46] van den Berge, S. A., van Strien, M. E., Korecka, J. A., Dijkstra, A. A., Sluijs, J. A., Kooijman, L., Eggers, R., De Filippis, L., Vescovi, A. L., Verhaagen, J., 

van de Berg, W. D., and Hol, E. M. (2011) The proliferative capacity of the subventricular zone is maintained in the parkinsonian brain. Brain 134, 3249−3263. 
[47] Lie, D. C., Dziewczapolski, G., Willhoite, A. R., Kaspar, B. K., Shults, C. W., and Gage, F. H. (2002) The adult substantia nigra contains progenitor cells with 

neurogenic potential. J. Neurosci. 22, 6639−6649. 
[48] Bjorklund A, Stenevi U. Reconstruction of the nigrostriatal dopamine pathway by intracerebral nigral transplants. Brain Res 1979; 177:555-560. 
[49] Perlow MJ, Freed WJ, Hoffer BJ et al. Brain grafts reduce motor abnormalities produced by destruction of nigrostriatal dopamine system. Science 1979; 

204:643-647. 
[50] Redmond DE, Sladek JR Jr, Roth RH et al. Fetal neuronal grafts in monkeys given methylphenyltetrahydropyridine. Lancet 1986; 1:1125-1127. 
[51] Espejo EF, Montoro RJ, Armengol JA et al. Cellular and functional recovery of Parkinsonian rats after intrastriatal transplantation of carotid body cell 

aggregates. Neuron 1998; 20:197-206.  
[52] Toledo-Aral JJ, Mendez-Ferrer S, Pardal R et al. Trophic restoration of the nigrostriatal dopaminergic pathway in long-term carotid body-grafted parkinsonian 

rats. J Neurosci 2003; 23:141-148. 
[53] Arjona V, Minguez-Castellanos A, Montoro RJ et al. Autotransplantation of human carotid body cell aggregates for treatment of Parkinson’s disease. 

Neurosurgery 2003; 53:321-328; discussion 328-330.  
[54] Lindvall O, Brundin P, Widner H et al. Grafts of fetal dopamine neurons survive and improve motor function in Parkinson’s disease. Science 1990; 247:574-

577. 
[55] Villadiego J, Mendez-Ferrer S, Valdes-Sanchez T et al. Selective glial cell line-derived neurotrophic factor production in adult dopaminergic carotid body cells 

in situ and after intrastriatal transplantation. J Neurosci 2005; 25:4091-4098. 
[56] Pardal R, Ortega-Saenz P, Duran R et al. Glia-like stem cells sustain physiologic neurogenesis in the adult mammalian carotid body. Cell 2007; 131:364-377. 
[57] Perez‐Pardo, P., Grobben, Y., Willemsen‐Seegers, N., Hartog, M., Tutone, M., Muller, M., … Kraneveld, A. D. (2021). Pharmacological validation of TDO as 

a target for Parkinson’s disease. The FEBS Journal, 288(14), 4311–4331. doi:10.1111/febs.15721 
[58] Carter J. Exercise. In: Johnson A, ed. Young Parkinson’s Handbook. New York: The American Parkinson Disease Association; 1995:29–33. 
[59] Comella CL, Stebbins GT, Brown-Toms N, Goetz CG. Physical therapy and Parkinson’s disease: a controlled clinical trial. Neurology 1994;44:376–378.  
[60] Kuroda K, Tatara K, Takatorige T, Shinsho F. Effect of physical exercise on mortality in patients with Parkinson’s disease. Acta Neurol Scand 1992;86:55–59 
[61] Ashburn A, Fazakarley L, Ballinger C, Pickering R, McLellan LD, Fitton C. A randomised controlled trial of a home based exercise programme to reduce the 

risk of falling among people with Parkinson’s disease. J Neurol Neurosurg Psychiatry 2007;78:678–684. 
[62] Trail M, Fox C, Ramig LO, Sapir S, Howard J, Lai EC. Speech treatment for Parkinson’s disease. NeuroRehabilitation 2005;20:205–221. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue X Oct 2022- Available at www.ijraset.com 
     

 
1273 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

[63] Ramig L, Sapir S, Fox C, Countryman S. Changes in vocal intensity following intensive voice treatment (LSVT) in individuals with Parkinson disease: a 
comparison with untreated patients and normal age-matched controls. Mov Disord 2001;16:79–83. 

[64] Spielman J, Ramig LO, Mahler L, Halpern A, Gavin WJ. Effects of an extended version of the lee silverman voice treatment on voice and speech in 
Parkinson’s disease. Am J Speech Lang Pathol 2007;16:95–107 

[65] Ramig LO, Sapir S, Countryman S, et al. Intensive voice treatment (LSVT®) for individuals with Parkinson disease: a two-year follow-up. J Neurol Neurosurg 
Psychiatry 2001;71:493–498. 

[66] Farley BG, Koshland GF. Training BIG to move faster: the application of the speed-amplitude relation as a rehabilitation strategy for people with Parkinson’s 
disease. Exp Brain Res 2005;167:462–467 

[67] Beyer PL, Palarino MY, Michalek D, Busenbark K, Koller WC.. Weight change and body composition in patients with Parkinson’s disease. J Am Diet Assoc 
1995; 95:979–983. 

[68] Nutt JG, Carter JH. Dietary Issues in the Treatment of Parkinson’s Disease. In: Koler WC, Paulson G, eds. Therapy of Parkinson’s Disease. New York: Marcel 
Dekker, Inc; 1990:531–556. 

[69] N Tuovinen, K Seppi, F de Pasquale, C Müller… - Parkinsonism & related …, 2018 – Elsevier 
[70] S Sveinbjornsdottir - Journal of neurochemistry, 2016 - Wiley Online Library. 
[71] Chung K. K., Zhang Y., Lim K. L. et al. (2001) Parkins upbiquitinatethe alpha-synuclein-synphilin-1: implications for Lewy-bodyformation in Parkinson0s 

disease. Nat. Med. 7, 1144–1504. 
[72] Hughes A. J., Daniel S. E., Kilford L. and Lees A. J. (1992) Accuracy ofclinical diagnosis of idiopathic study of 100 cases. J. Neurol.Neurosurg. Psychiatry 55, 

181–184. 
[73] Jankovic J. (2008) Parkinson’s disease: clinical features and diagnosis. J.Neurol. Neurosurg. Psychiatry 79, 368–376. 
[74] Reichmann H. (2010) Clinical criteria for the diagnosis of Parkinson’sdisease. Neurodegener. Dis. 7, 284–290. 
[75] Virmani T., Moskowitz C. B., Vonsattel J.-P. and Fahn S.(2015)Clinicopathological characteristics of freezing of gaitinautopsy-confirmed Parkinson0s disease. 

Mov. Disord. 30, 1874–1884. 
[76] Williams D. R., Watt H. C. and Lees A. J. (2006) Predictors of falls and fractures in bradykinetic rigid syndromes: retrospective study. J.Neurol. Neurosurg. 

Psychiatry 77, 468–473. 
[77] Stolze H., Klebe S., Zechlin C. et al. (2004) Falls in frequentneurological diseases. Prevalence, risk factors and aetiology. J.Neurol. 251, 79–84 
[78] Wood B. H., Bilclough J. A., Bowron A. and Walker R. W. (2002)Incidence and prediction o f falls in Parkinson’s disease: aprospective multidisciplinary study. 

J. Neurol. Neurosurg.Psychiatry 72, 721–725. 
[79] Holroyd S., Currie L. and Wooten G. F. (2001) Prospective study ofhallucinations and delusions in Parkinson’s disease. J. Neurol.Neurosurg. Psychiatry 70, 

734–738. 
[80] Perez-Lloret S., Negre-Pages L., Ojero-Senard A. et al. for theCOPARK Study Group. (2012). Oro-buccal symptoms (dysphagia, dysarthria, and sialorrhea) in 

patients withParkinson’s disease: preliminary analysis from the FrenchCOPARK cohort. Eur. J. Neurol. 19:28–37. 
[81] Kalf J. G., Borm G. F., de Swart B. J. et al. (2011) Reproducibility andvalidity of patient-rated assessment of speech, swallowing, andsaliva control in 

Parkinson’s disease. Arch. Phys. Med. Rehabil. 92,1152–1158. 
[82] Tolosa E. and Compta Y. (2006) Dystonia in Parkinson’s disease. J.Neurol. 253(Suppl 7), VII/7–VII/13. 
[83] Jankovic J. and Tintner R. (2001) Dystonia and parkinsonism.Parkinsonism Relat. Disord. 8, 109–121. 
[84] Poewe W. H. and Lees A. J. (1987) The pharmacology of foot dystoniain Parkinsonism. Clin. Neuropharmacol. 10, 47–56. 
[85] Poewe W. H., Lees A. J. and Stern G. M. (1988) Dystonia in Parkinson’sdisease: clinical and pharmacological features. Ann. Neurol. 23,73–78. 
[86] Doherty K. M., van de Warrenburgh B. P., Peralta M. C. et al. (2011)Postural deformities in Parkinson’s disease. Lancet Neurol. 10,538–549. 
[87] Schrag A., Horsfall L., Walters K. et al. (2015) Prediagnositcpresentations of Parkinson0s disease in primary care: a case-control study. Lancet Neurol. 14, 57–

64. 
[88] O’Sullivan S. S., Williams D. R., Gallagher D. A. et al. (2008) Mov.Disord. 23, 101–106. 
[89] Pont-Sunyer C., Hotter A., Gaig C. et al. (2015) The onset of nonmotorsymptoms in Parkinson’s disease (The ONSET PD Study). Mov.Disord. 30, 229–237. 
[90] Chen H., Burton E. A., Webster R. G. et al. (2013) Research on thepremotor symptoms of Parkinson’s disease: clinical and etiologicalimplications. A review. 

Environ. Health Perspect. 121, 11–12.doi:10.1289/ehp.1306967 
[91] Koike Y. and Takahashi A. (1997) Autonomic dysfunction inParkinsons’s disease. Eur. Neurol. 38(Suppl 2), 8–12. 
[92] Jost W. H. and Eckardt V. F. (2003) Constipation in idiopathicParkinson’s disease. Scand. J. Gastroenterol. 38, 681–686. 
[93] Lahrmann H., Cortelli P., Hilz M. et al. (2006) EFNS guidelines on thediagnosis and management of orthostatic hypotension. Eur. J.Neurol. 13, 930–936. 
[94] Jost W. H. and Augustis S. (2015) Severity of orthostatic hypotension inthe course of Parkinson’s disease: no correlation with the durationof the disease. 

Parkinsonism Relat. Disord. 21, 314–316. 
[95] Iodice V., Low D. A., Vichayanrat E. and Mathias C. J. (2011)Cardiovascular autonomic dysfunction in MSA and Parkinson’sdisease: similarities and 

differences. J. Neurol. Sci. 310, 133–138. 
[96] Mathers S. E., Kempster P. A., Law P. J. et al. (1989) Anal sphincterdysfunction in Parkinson’s disease. Arch. Neurol. 46, 1061–1064. 
[97] Jost W. H. (2010) Gastrointestinal dysfunction in Parkinson’s disease. J.Neurol. Sci. 289, 69–70 
[98] Yeo L., Singh R., Gundeti M. et al. (2012) Urinary tract dysfunction inParkinson’s disease: a review. Int. Urol. Nephrol. 44, 415–42 
[99] Sakakibara R., Kishi M., Ogawa E. et al. (2011) Bladder, bowel andsexual dysfunction in Parkinson’s disease. Parkinsons Dis. 2011,924605. doi 

10.4061/2011/924605. 
[100] Hirayama M. (2006) Sweating dysfunctions in Parkinson’s disease. J.Neurol. 253(Suppl 7), VII/42–VII/47. 
[101] Cersosimo M. G., Tumilasci O. R., Raina G. B. et al. (2009)Hyposialorrhea as an early manifestation of Parkinson disease.Auton. Neurosci. 150, 150–151. 
[102] Fischer M., Gemende I., Ch March. W. and Fischer P. A. (2001) Skinfunction and skin disorders in Parkinson’s disease. J. Neural.Transm. 108, 205–213. 
[103] Larsen J. P. and Tandberg E. (2001) Sleep disorders in patients withParkinson’s disease: epidemiology and management. CNS Drugs15, 267–275. 
[104] Monderer R. and Thorpy M. (2009) Sleep disorders and daytimesleepiness in Parkinson’s disease. Curr. Neurol. Neurosci. Rep. 9,173–180 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue X Oct 2022- Available at www.ijraset.com 
     

 
1274 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

[105] Mehta S. H., Morgan J. C. and Sethi K. D. (2008) Sleep disordersassociated with Parkinson’s disease: role of dopamine,epidemiology and clinical scales of 
assessment. CNS Spectr. 13(3 Suppl 4), 6–11. 

[106] Porter B., Macfarlane R. and Walker R. (2008) The frequency and natureof sleep disorders in a community based population of patients withParkinson’s 
disease. Eur. J. Neurol. 15, 50–54. 

[107] Yong M.-H., Fook-Chong S., Pavanni R. et al. (2011) Case controlpolysomnographic studies of sleep disorders in Parkinson’sdisease. PLoS ONE 6, e22511. 
[108] Lees A. J., Blackburn N. A. and Campbell V. L. (1988) The nigttimeproblems of Parkinson’s disease. Clin. Neuropharmcol. 11, 512–519. 
[109] Knie B., Mitra M. T., Logishetty K. and Chaudhury K. R. (2011)Excessive daytime sleepiness in patients with Parkinson’s disease.CNS Drugs 25, 203–212. 
[110] Hickey M. G., Demaerschalk B. M., Caselli R. J. et al. (2007)“Idiopathic” rapid-eye-movement sleep behavior disorder isassociated with future development of 

neurodegenerativediseases. Neurologist 13, 98–101. 
[111] Zeng J., Wei M., Li T. et al. (2013) Risk of obstructive sleep apnea inParkinson’s disease: a metal-analysis. PLoS ONE 8, e82091. 
[112] Brodsky M. A., Godbold J., Roth T. and Olanov C. W. (2003)Sleepiness in Parkinson’s disease: a controlled study. Mov. Disord.18, 668–672. 
[113] Onofrj M., Thomas A. and Bonanni L. (2007) New approaches tounderstanding hallucinations in Parkinson’s disease: phenomenol-ogy and possible origin. 

Expert Rev. Neurother. 173, 1–50 
[114] Pagonabarraga J., Martinez-Horta S., Fernandes de Bobadilla R. et al.(2016) Minor hallucinations occur in drug-naive Parkinson’sdisease, even from the 

premotor phase. Mov. Dis. 31, 45–52. 
[115] McAuley J. H. and Gregory S. (2012) Prevalence and clinical course ofolfactory hallucinations in idiopathic Parkinson’s disease. J.Parkinsons Dis. 3, 199–205. 
[116] Inzelberg R., Kipervasser S. and Korczyn A. D. (1998) Auditoryhallucinations in Parkinson’s disease. J. Neurol. Neurosurg.Psychiatry 64, 533–535. 
[117] Fenelon G., Thobois S., Bonnet A.-M., Broussolle E. and Tison F.(2002) Tactile hallucinations in Parkinson’s disease. J. Neurol.249, 1699–1703. 
[118] Papapetropoulos S. and Heather Katzen A. (2008) A questionnaire-based(UM-PDHQ) study of hallucinations in Parkinson’s disease. BMCNeurol. 8, 

21.doi:10.1186/1471-2377-8-21. 
[119] Fenelon G. and Alves G. (2010) Epidemiology of psychosis inParkinson’s disease. J. Neurol. Sci. 289, 12–17 
[120] Thanvi B. R., Lo T. C. N. and Harsh D. P. (2005) Psychosis inParkinson’s disease. Postgrad. Med. J. 81, 644–646 
[121] O’Sullivan S. S., Evans A. H. and Lees A. J. (2009) Dopaminedysregulation syndrome. An overview of its epidemiology,mechanisms and management. CNS 

Drugs 23, 157–170 
[122] Evans A. H. and Lees A. J. (2004) Dompamine dysregulation syndromein Parkinson’s disease. Curr. Opin. Neurol. 17, 1350–7540. 
[123] Ceravolo R., Frosini D., Rossi C. and Bonuccelli U. (2010) Spectrum ofaddictions in Parkinson’s disease: from dopamine dysregulationsyndrome to impulse 

control disorders. J. Neurol. 257(Suppl 2),S276–S283 
[124] Irwin D. J., White M. R., Toledo J. B. et al. (2012) Neuropathologicsubstrates of Parkinson disease dementia. Ann. Neurol. 72, 587–598. 
[125] Aarsland D., Bronnick K., Larsen J. P., Tysnes O. B. and Alves G. forthe Norwegian Park West Study Group. (2009). Cognitiveimpairment in incident 

untreated Parkinson disease. Neurology72:1121–1126 
[126] Aarsland D., Kvaloy J. T., Andersen K. et al. (2007) The effect of age ofonset of PD on risk of dementia. J. Neurol. 254, 38–45. 
[127] Riedel O., Klotsche J., Spottke A. et al. (2008) Cognitive impairment in873 patients with idiopathic Parkinson’s disease. Results from theGerman study on 

epidemiology of Parkinson’s disease withdementia (GEPAD). J. Neurol. 255, 255–264 
[128] Pigott K., Rick J., Zie S. et al. (2015) Longitudinal study of normalcognition in Parkinson’s disease. Neurology 85, 1276–1282 
[129] Reijnders J. S. A. M., Ehrt U., Weber W. E. J., Aarsland D. andLeentjens A. F. G. (2008) A systematic review of prevalence studies of depression in 

Parkinson’s disease. Mov. Disord. 23, 183–189. 
[130] Schrag A., Jahanshahi M. and Quinn N. P. (2001) What contributes to depression in Parkinson’s disease? Psychol. Med. 31, 65–73. 
[131] Doty R. L., Deems D. A. and Stellar S. (1988) Olfactory dysfunctionin parkinsonism: a general deficit unrelated to neurologicsigns, disease stage, or disease 

duration. Neurology 38, 1237–1244. 
[132] Bayulkemand K. and Lopez G. (2011) Clinical approach to nonmotorsensory fluctuations in Parkinson’s disease. J. Neurol. Sci. 310,82–85. 
[133] Broen M. P. G., Braaksma M. M., Patijin J. and Weber W. E. J. (2012)Prevalence of pain in Parkinson’s disease: a systematic reviewusing the modified 

QUADAS tool. Mov. Dis. 27, 480–484. 
[134] Waseem S. and Gwinn-Hardy K. (2001) Pain in Parkinson’s disease.Common yet seldom recognized symptom is treatable. Postgrad.Med. 110, 33–46. 
[135] Del Tredici K, Rüb U, Vos RAI de, Bohl JRE, Braak H (2002)Where does Parkinson disease pathology begin in the brain? JNeuropathol Exp Neurol 61:413–

426 
[136] Braak H, Del Tredici K, Rüb U, Vos RAI de, Jansen Steur ENH,Braak E (2003a) Staging of brain pathology related to sporadicParkinson’s disease. Neurobiol 

Aging 24:197–211 
[137] Pearce RK, Hawkes CH, Daniel SE (1995) The anterior olfactorynucleus in Parkinson’s disease. Mov Disord 10:283–287 
[138] Mesulam MM (1998) From sensation to cognition. Brain 121:1013–1052 
[139] Hawkes CH, Shephard BC, Daniel SE (1999) Is Parkinson’s diseasea primary olfactory disorder? Q J Med 92:473–480 
[140] Doty RL (2001) Olfaction. Annu Rev Psychol 52:423–452 
[141] Hawkes C (2003) Olfaction in neurodegenerative disorder. MovDisord 18:364–372 
[142] Price JL (2004) Olfaction. In: Paxinos G, Mai JM (eds) The humannervous system, 2nd edn. Elsevier, San Diego, pp 1198–1212 
[143] Del Tredici K, Braak H (2004) Idiopathic Parkinson’s disease:staging an α-synucleinopathy with a predictable pathoanatomy.In: Kahle P, Haass C (eds) 

Molecular mechanisms inParkinson’s disease. Landes Bioscience, Georgetown, pp 1–32 
[144] Huang XF, Törk I, Paxinos G (1993) Dorsal motor nucleus of thevagus nerve: a cyto- and chemoarchitectonic study in thehuman. J Comp Neurol 330:158–182 
[145] Hopkins DA, Bieger D, Vente J de, Steinbusch HWM (1996) Vagalefferent projections: viscerotopy, neurochemistry and effects ofvagotomy. Prog Brain Res 

107:79–96 
[146] Saha AR, Hill J, Utton MA, Asuni AA, Ackerley S, Grierson AJ,Miller CC, Davies AM, Buchman VL, Anderton BH, HangerDP (2004) Parkinson’s disease α-

synuclein mutations exhibitdefective axonal transport in cultured neurons. J Cell Sci117:1017–102 
[147] Wakabayashi K, Takahashi H, Obata K, Ikuta F (1992) Immuno-cytochemical localization of synaptic vesicle-specific protein inLewy body-containing neurons 

in Parkinson’s disease. Neuro-sci Lett 138:237–240 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue X Oct 2022- Available at www.ijraset.com 
     

 
1275 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

[148] Wakabayashi K, Takahashi H, Ohama E, Takeda S, Ikuta F (1993)Lewy bodies in the visceral autonomic nervous system inParkinson’s disease. Adv Neurol 
60:609–612 

[149] Iwanaga K, Wakabayashi K, Yoshimoto M, Tomita I, Satoh H,Takashima H, Satoh A, Seto M, Tsujihata M, Takahashi H(1999) Lewy body-type degeneration 
in cardiac plexus inParkinson’s and incidental Lewy body diseases. Neurology52:1269–1271 

[150] Saper CB (1987) Diffuse cortical projection systems: anatomicalorganization and role in cortical function. In: Plum F (ed)Handbook of physiology. The 
nervous system. AmericanPhysiology Society, Bethesda, pp 169–210 

[151] Saper CB, Sorrentino DM, German DC, Lacalle S de (1991)Medullary catecholaminergic neurons in the normal humanbrain and in Parkinson’s disease. Ann 
Neurol 29:577–584 

[152] Holstege G (1996) The somatic motor system. Prog Brain Res107:9–26 
[153] Holstege G, Mouton LJ, Gerrits NM (2004) Emotional motorsystem. In: Paxinos G, Mai JK (eds) The human nervoussystem, 2nd edn. Elsevier, San Diego, pp 

1306–1325 
[154] Nieuwenhuys R (1996) The greater limbic system, the emotionalmotor system and the brain. Prog Brain Res 107:551–580 
[155] Braak H, Rüb U, Sandmann-Keil D, Gai WP, Vos RAI de, JansenSteur ENH, Arai K, Braak E (2000)Parkinson’s disease:affection of brain stem nuclei 

controlling premotor and motorneurons of the somatomotor system. Acta Neuropathol 99:489–495 
[156] Koutcherov Y, Huang X-F, Halliday G, Paxinos G (2004) Organi-zation of human brain stem nuclei. In: Paxinos G, Mai JK (eds)The human nervous system, 

2nd edn. Elsevier, San Diego, pp273–321 
[157] Braak H, Braak E (1986) Nuclear configuration and neuronal typesof the nucleus niger in the brain of the human adult. HumNeurobiol 5:71–82 
[158] Gibb WRG, Lees AJ (1991) Anatomy, pigmentation, ventral anddorsal subpopulations of the substantia nigra, and differentialcell death in Parkinson’s disease. 

J Neurol Neurosurg Psychi-atry 54:388–396 
[159] Sims KS, Williams RS (1990) The human amygdaloid complex: acytologic and histochemical atlas using Nissl, myelin, acetyl-cholinesterase and nicotinamide 

adenine dinucleotide phos-phate diaphorase staining. Neuroscience 36:449–472 
[160] Bohus B, Koolhaas JM, Luiten PGM, Korte SM, Roozendaal B,Wiersma A (1996) The neurobiology of the central nucleus ofthe amygdala in relation to 

neuroendocrine and autonomicoutflow. Prog Brain Res 107:447–460 
[161] Garcia-Rill E (1991) The pedunculopontine nucleus. Prog Neurobiol36:363–389 
[162] Inglis WL, Winn P (1995) The pedunculopontine tegmental nucleus:where the striatum meets the reticular formation. Prog Neuro-biol 47:1–29Insausti R, 

Amaral 
[163] Rye DB (1997) Contributions of the pedunculopontine region tonormal and altered REM sleep. Sleep 29:757–78 
[164] Pahapill PA, Lozano AM (2000) The pedunculopontine nucleus andParkinson’s disease. Brain 123:1767–1783 
[165] Dickson DW, Schmidt ML, Lee VMY, Zhao ML, Yen SH,Trojanowski JQ (1994) Immunoreactivity profile of hippocam-pal CA2/3 neurites in diffuse Lewy 

body disease. ActaNeuropathol 87:269–276 
[166] Thal DR, Del Tredici K, Braak H (2004) Neurodegeneration innormal brain aging and disease. SAGE KE 23:pe26 
[167] Zola-Morgan S, Squire LR (1993) Neuroanatomy of memory. AnnRev Neurosci 16:547-563 
[168] Dubois B, Pillon B (1997) Cognitive deficits in Parkinson’s disease.J Neurol 244:2–8 
[169] Azuma T, Cruz RF, Bayles KA, Tomoeda CK, Montgomery EB(2003) A longitudinal study of neuropsychological change inindividuals with Parkinson’s 

disease. Int J GeriatrPsychiatry18:1115–1120 
[170] Carter JH, Stewart BJ, Archbold PG, et al. Living with aperson who has Parkinson’s disease: the spouse’s perspec-tive by stage of disease. Mov Disord 

1998;13:20–28. 
[171] Pillemer K, Suitor JJ. “It takes one to help one”: effects osimilar others on the well-being of caregivers. J GerontolSoc Sci 1996;51:S250–S257. 
[172] Martínez-Martín P, Forjaz MJ, Frades-Payo B, et al.Caregiver burden in Parkinson’s disease. Mov Disord2007;22:924–931 
[173] Dressen C, Brandel JP, Schneider A, Magar Y, Renon D,Zie´gler M.. Effects of Parkinson’s disease on quality-of-life of patients’ spouses: a qualitative survey. 

Rev Neurol(Paris) 2007;163:801–807. 
[174] Vernon GM, Jenkins M. Health maintenance behaviorsin advanced Parkinson’s disease. J Neurosci Nurs 1995;27:229–235. 
[175] Montastruc JL, Brefel-Courbon C, Senard JM, et al.Sleep attacks and antiparkinsonian drugs: a pilot prospec-tive pharmacoepidemiologic study. Clin 

Neuropharma-col 2001;24:181–183. 
[176] Vitaliano PP, Scanlan JM, Krenz C, Schwartz RS, Mar-covina SM. Psychological distress, caregiving, and meta-bolic variables. J Gerontol B Psychol Sci Soc 

Sci 1996;51:290–299. 
[177] Gonyea JG. Alzheimer’s disease support groups: an anal-ysis of their structure, format, and perceived benefits.SocWork Health Care 1989;14:61–72. 
[178] Mittelman MS, Ferris SH, Shulman E, et al. A compre-hensive support program: effect on depression in spouse-caregivers of AD patients. Gerontologist 

1995;35:792–802. 
[179] O’Reilly F, Finnan F, Allwright S, Smith GD, Ben-Shlomo Y. The effects of caring for a spouse with Parkin-son’s disease on social, psychological and 

physical well-being. Br J Gen Pract 1996;46:507–512. 
[180] Hagestuen R, Harris S. The Workplace. In: Johnson A,ed. Young Parkinson’s Handbook. The American Parkinson Disease Association; 1995:89–97. 
[181] Hammerstad JP, Carter JH. Movement Disorders. In:Rosenberg NL, ed. Occupational and Environmental Neu-rology. Boston: Butterworth-Heinemann; 

1995:139–174. 
[182] Hughes AJ, Ben-Shlomo Y, Daniel SE, Lees AJ. Whatfeatures improve the accuracy of clinical diagnosis in Par-kinson’s disease: a clinicopathologic study. 

Neurology1992;42:1142–1146. 
[183] Hughes AJ, Ben-Shlomo Y, Daniel SE, Lees AJ. Whatfeatures improve the accuracy of clinical diagnosis in Par-kinson’s disease: a clinicopathologic study. 

Neurology1992;42:1142–1146. 
[184] Olanow CW. Magnetic resonance imaging in parkinson-ism. Neurol Clin 1992;10:405–420. 
[185]  Hughes AJ, Daniel SE, Ben-Shlomo Y, Lees AJ. The ac-curacy of diagnosis of parkinsonian syndromes in a spe-cialist movement disorder service. Brain 

2002;125:861–870. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue X Oct 2022- Available at www.ijraset.com 
     

 
1276 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

[186] Jankovic J, McDermott M, Carter J, et al; Parkinson’sStudy Group. Variable expression of Parkinson’s disease:a base-line analysis of the DATATOP cohort. 
Neurology1990;40:1529–1534. 

[187] Langston JW. The Parkinson’s complex: parkinsonism isjust the tip of the iceberg. Ann Neurol 2006;59:591–596. 
[188] Wenning GK, Ben-Shlomo Y, Hughes A, Daniel SE,Lees A, Quinn NP. What clinical features are most usefulto distinguish definite multiple system atrophy 

from Par-kinson’s disease? J Neurol Neurosurg Psychiatry 2000;68:434–440. 
[189] Litvan I, Agid Y, Calne D, et al. Clinical research criteriafor the diagnosis of progressive supranuclear palsy (Steele-Richardson-Olszewski syndrome): report 

of the NINDS-SPSP international workshop. Neurology 1996;47:1–9. 
[190] Uchikado H, DelleDonne A, Ahmed Z, Dickson DW.Lewy bodies in progressive supranuclear palsy representan independent disease process. J Neuropathol 

Exp Neu-rol 2006;65:387–395. 
[191] Schneider JA, Watts RL, Gearing M, Brewer RP, MirraSS. Corticobasal degeneration: neuropathologic and clin-ical heterogeneity. Neurology 1997;48:959–

969. 
[192] Jenner P. Factors influencing the onset and persistence ofdyskinesia in MPTP treated primates. Ann Neurol 2000;47(4 suppl 1):90–99. 
[193] Agid Y, Ahlskog E, Albanese A, et al. Levodopa in thetreatment of Parkinson’s disease: a consensus meeting.Mov Disord 1999;14:911–913.. 
[194] Brooks DJ. The early diagnosis of Parkinson’s disease.Ann Neurol 1998;44(suppl 1):10–18. 
[195] Vingerhoets FJ, Snow BJ, Lee CS, Schulzer M, Mak E,Calne DB. Longitudinal fluorodopa positron emissiontomographic studies of the evolution of idiopathic 

par-kinsonism. Ann Neurol 1994;36:759–764 
[196] Seibyl JP, Marek K, Sheff K, et al. Iodine-123---CIT andiodine-123-FPCIT SPECT measurement of dopaminetransporters in healthy subjects and Parkinsons 

patients.J Nucl Med 1998;39:1500–1508. 
[197] Mozley PD, Schneider JS, Acton PD, et al. Binding of [99mTcTRODAT-1 to dopamine transporters in pa-tients with Parkinson’s disease and in healthy 

volunteers.J Nucl Med 2000;41:584–589. 
[198] Chou KL, Hurtig HI, Stern MB, et al. Diagnostic accuracy of 99mTcTRODAT-1 SPECT imaging in earlyParkinson’s disease. Parkinsonism Relat Disord 

2004;10:375–379. 
[199] Frey KA, Wieland DM, Kilbourn MR. Imaging ofmonoaminergic and cholinergic vesicular transporters inthe brain. Adv Pharmacol 1998;42:269–272. 
[200] Marek K, Innis R, van Dyck C, et al. [123]beta-CITSPECT imaging assessment of the rate of Parkinson’s dis-ease progression. Neurology 2001;57:2089–2094. 
[201] Pate BD, Kawamata T, Yamada T, et al. Correlation ofstriatal fluorodopa uptake in the MPTP monkey withdopaminergic indices. Ann Neurol 1993;34:331–

338. 
[202] Snow BJ, Tooyama I, McGeer EG, et al. HumanPositron Emission Tomographic18F-Fluorodopa stud-ies correlate with dopamine cell counts and levels. 

AnnNeurol 1993;34:324–330. 
[203] Seibyl JP, Marchek KL, Quinlan D, et al. Decreasedsingle-photon emission computed tomographic [123]beta-CIT striatal uptake correlates with symptom 

severityin Parkinson’s disease. Ann Neurol 1995;38:589–598. 
[204] Brooks DJ. Monitoring neuroprotection and restorativetherapies in Parkinson’s disease with PET. J Neural Transm Suppl 2000;60(suppl):125–137. 
[205] Ahlskog JE. Slowing Parkinson’s disease progression: re-cent dopamine agonist trials. Neurology 2003;60:381–389. 
[206] Ravina B, Eidelberg D, Ahlskog JE, et al. The role ofradiotracer imaging in Parkinson disease. Neurology2005;64:208–215. 
[207] Parkinson Study Group. A multicenter assessment of do-pamine transporter imaging with DOPASCAN/SPECTin parkinsonism. Neurology 2000;55:1540–

1547. 
[208] Ghaemi M, Hilker R, Rudolf J, Sobesky J, Heiss WD.Differentiating multiple system atrophy from Parkinson’sdisease: contribution of striatal and midbrain 

MRI volu-metry and multi-tracer PET imaging. J Neurol Neurosurg Psychiatry 2002;73:517–523. 
[209] Berg D, Seifker C, Becker G. Echogenicity of the sub-stantia nigra in Parkinson’s disease and its relation to clin-ical findings. J Neurol 2001;248:684–689. 
[210] Berg D, Merz B, Reiners K, Naumann M, Becker G.Five-year follow-up study of hyperechogenicity of thesubstantia nigra in Parkinson’s disease. Mov 

Disord2005;20:383–385. 
[211] Drayer BP, Olanow W, Burger P, Johnson GA, HerfkensR, Riederer S. Parkinson plus syndrome: diagnosis usinghigh field MR imaging of brain iron. 

Radiology 1986;159:493–498. 
[212] Bhattacharya K, Saadia D, Eisenkraft B, et al. Brain mag-netic resonance imaging in multiple system atrophy andParkinson disease: a diagnostic algorithm. 

Arch Neurol2002;59:835–842. 
[213] Olanow CW. Manganese-induced parkinsonism and Par-kinson’s disease. Ann NY Acad Sci 2004;1012:209–223 
[214] Hardy J, Cai H, Cookson MR, Gwinn-Hardy K, Single-ton A. Genetics of Parkinson’s disease and parkinsonism.Ann Neurol 2006;60:389–398. 
[215] Gilks WP, Abou-Sleiman PM, Gandhi S, et al. A com-mon LRRK2 mutation in idiopathic Parkinson’s disease.Lancet 2005;365:415–416. 
[216] Ozelius LJ, Senthil G, Saunders-Pullman R, et al.LRRK2 G2019S as a cause of Parkinson’s disease in Ash-kenazi Jews. N Engl J Med 2006;354:424–425. 
[217] Lesage S, Du¨rr A, Tazir M, et al. LRRK2 G2019S as acause of Parkinson’s disease in North African Arabs.N Engl J Med 2006;354:422–423. 
[218] Kay DM, Bird TD, Zabetian CP, et al. Validity and util-ity of a LRRK2 G2019S mutation test for the diagnosisof Parkinson’s disease. Genet Test 

2006;10:221–227. 
[219] Aharon-Peretz J, Rosenbaum H, Gershoni-Baruch R. Mu-tations in the glucocerebrosidase gene and Parkinson’s dis-ease in Ashkenazi Jews. N Engl J Med 

2004;351:1972–1977. 
[220] Scherzer CR, Eklund AC, Morse LJ. Molecular markersof early Parkinson’s disease based on gene expression inblood. PNAS 2007;104:955–960. 
[221] Horstink MW, Morrish PK. Preclinical diagnosis of Par-kinson’s disease. Adv Neurol 1999;80:327–333. 
[222] Abbott RD, Petrovitch H, White LR, et al. Frequency ofbowel movements and the future risk of Parkinson’s Disease. Neurology 2001;57:456–462. 
[223] Albin RL, Koeppe RA, Chervin RD. Decreased striataldopaminergic innervation in REM sleep behavior disor-der. Neurology 2000;55:1410–1412. 
[224] Schenck CH, Bundlie SR, Mahowald MW. Delayedemergence of a parkinsonian disorder in 38% of 29 oldermen initially diagnosed with idiopathic rapid 

eyemovement sleep behaviour disorder. Neurology 1996;46:388–393. 
[225] Olson EJ, Boeve BF, Silber MH. Rapid eye movementsleep behaviour disorder: demographic, clinical and labo-ratory findings in 93 cases. Brain 

2000;123:331–339. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue X Oct 2022- Available at www.ijraset.com 
     

 
1277 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

[226] Doty RL, Deems DA, Stellar S. Olfactory dysfunction inparkinsonism: a general deficit unrelated to neurologicsigns, disease stage, or disease duration. 
Neurology 1988;38:1237–1244. 

[227] Ponsen MM, Stoffers D, Booij J, van Eck-Smit BL,Wolters ECh, Berendse HW. Idiopathic hyposmia as apreclinical sign of Parkinson’s disease. Ann Neurol 
2004;56:173–181. 

[228] Siderowf A, Stern MB. Preclinical diagnosis of Parkin-son’s disease: are we there yet? Curr Neurol Neurosci Rep2006;6:295–301 
[229] S.H. Fox, R. Katzenschlager, S.Y. Lim, et al.International Parkinson and movement disorder society evidence-based medicine review: update on treatments for 

the motor symptoms of Parkinson's diseaseMov.Disord., 33 (2018), pp. 1248-1266 
[230] B.S. Connolly, A.E. LangPharmacological treatment of Parkinson disease: a reviewJAMA, 311 (16) (2014), p. 1670 
[231] Parkinson's disease in adults.: National Institute for Health and Care Excellence (NICE); 2017 [cited 2021 September 30].  
[232] S. SveinbjornsdottirThe clinical symptoms of Parkinson's diseaseJ. Neurochem., 139 (Suppl 1) (2016), pp. 318-324 
[233] P. Troncoso-Escudero, D. Sepulveda, R. Pérez-Arancibia, et al.On the right track to treat movement disorders: promising therapeutic approaches for 

Parkinson's and Huntington's DiseaseFront. Aging Neurosci., 12 (2020), Article 571185 
[234] van Laar T. Levodopa-induced response fluctuations in patients with Parkinson's disease: strategies for management. CNS Drugs 2003; 17(7): 475– 489. 
[235] Chase TN. The significance of continuous dopaminergic stimulation in the treatment of Parkinson's disease. Drugs 1998; 55(Suppl 1): 1– 9. 
[236] Stowe R, Ives N, Clarke CE, et al. Meta-analysis of the comparative efficacy and safety of adjuvant treatment to levodopa in later Parkinson's disease. Mov 

Disord 2011; 26(4): 587– 598. 
[237] Ahlskog JE, Muenter MD. Frequency of levodopa-related dyskinesias and motor fluctuations as estimated from the cumulative literature. Mov 

Disord 2001; 16(3): 448– 458. 
[238] Antonini A, Chaudhuri KR, Martinez-Martin P, Odin P. Oral and infusion levodopa-based strategies for managing motor complications in patients with 

Parkinson's disease. CNS Drugs 2010; 24(2): 119– 129. 
[239] Antonini A, Odin P. Pros and cons of apomorphine and L-dopa continuous infusion in advanced Parkinson's disease. Parkinsonism Relat 

Disord 2009; 15(Suppl 4): S97– S100. 
[240] Deleu D, Northway MG, Hanssens Y. Clinical pharmacokinetic and pharmacodynamic properties of drugs used in the treatment of Parkinson's disease. Clin 

Pharmacokinet 2002; 41(4): 261– 309. 
[241] Lundqvist C. Continuous levodopa for advanced Parkinson's disease. Neuropsychiatr Dis Treat 2007; 3(3): 335– 348. 
[242] Olanow CW, Obeso JA, Stocchi F. Continuous dopamine-receptor treatment of Parkinson's disease: scientific rationale and clinical implications. Lancet 

Neurol 2006; 5(8): 677– 687. 
[243] Espay AJ, Morgante F, Merola A, et al. Levodopa-induced dyskinesia in Parkinson disease: current and evolving concepts. Ann Neurol 2018; 84(6): 797– 811. 
[244] Chaudhuri KR, Rizos A, Sethi KD. Motor and nonmotor complications in Parkinson's disease: an argument for continuous drug delivery? J Neural Transm 

(Vienna) 2013; 120(9): 1305– 1320. 
[245] Nyholm D, Askmark H, Gomes-Trolin C, et al. Optimizing levodopa pharmacokinetics: intestinal infusion versus oral sustained-release tablets. Clin 

Neuropharmacol 2003; 26(3): 156– 163. 
[246] Nyholm D, Nilsson Remahl AI, Dizdar N, et al. Duodenal levodopa infusion monotherapy vs oral polypharmacy in advanced Parkinson 

disease. Neurology 2005; 64(2): 216– 223. 
[247] Montastruc JL,Rascol OSenard JM, et al.(1994) A randomised controlled study comparing bromocriptine to which levodopa was later added, with levodopa 

alone in previously untreated patients with Parkinson's disease: a five year follow up. J Neurol Neurosurg Psychiatry 57:1034–1038. 
[248] Rinne UK,Bracco F,Chouza C, et al. (1998) Early treatment of Parkinson's disease with cabergoline delays the onset of motor complications. Results of a 

double-blind levodopa controlled trial. The PKDS009 Study Group. Drugs 55:23–30 
[249] Quinn N(1995) Drug treatment of Parkinson's disease. BMJ 310:575–579. 
[250] Schwab RS,Amador LV, Lettvin LY (1951) Apomorphine in Parkinson's disease. Trans Am Neurol Assoc 76:251–253. 
[251] Maggio R,Barbier P, Corsini GU (1995) Apomorphine continuous stimulation in Parkinson's disease: receptor desensitization as a possible mechanism of 

reduced motor response. J Neural Transm Suppl 45:133–136 
[252] Lees AJ, Stern GM(1983) Sustained low-dose levodopa therapy in Parkinson's disease: a 3-year follow-up. Adv Neurol 37:9–15. 
[253] Stocchi F, Hersh BP, Scott BL, Nausieda PA, Giorgi L, Ease PDMSI (2008). Ropinirole 24-hour prolonged release and ropinirole immediate release in early 

Parkinson's disease: a randomized, double-blind, non-inferiority crossover study. Curr Med Res Opin, 24:2883-2895. 
[254] Poewe W, Rascol O, Barone P, Hauser RA, Mizuno Y, Haaksma M, et al. (2011). Extended-release pramipexole in early Parkinson disease: a 33-week 

randomized controlled trial. Neurology, 77:759-766 
[255] RajputAH.MartinW.Saint HilaireMH.et al.Tolcapone improves motor function in parkinsonian patients with the “wearing off” phenomenon: a double-blind, 

placebo-controlled multicenter trial.Neurology.199749106610719339691  
[256] BrooksDJ.SagarH.UK-Irish Entacapone Study Group. Entacapone is beneficial in both fluctuating and non-fluctuating patients with Parkinson's disease: a 

randomized, placebo-controlled, double-blind, six-month study.J Neurol Neurosurg Psychiatry.2003741071107912876237  
[257] KorczynAD.COMT inhibitors in Parkinson's disease. In: Factor SA, Weiner WJ, eds.Parkinson's Disease. New York, NY: Demos2002379397  
[258] OlanowCW.StucchiF.COMT inhibitors in Parkinson's disease: can they prevent and/or reverse levodopa-induced motor 

complications?Neurology.200462S74S82  
[259] Baker GB, Coutts RT, McKenna KF, Sherry-McKenna RL. Insights into the mechanisms of action of the MAO inhibitors phenelzine and tranylcypromine: a 

review. J Psychiatry Neurosci. 1992 Nov;17(5):206-14. 
[260] Müller T, Riederer P, Grünblatt E. Determination of Monoamine Oxidase A and B Activity in Long-Term Treated Patients With Parkinson Disease. Clin 

Neuropharmacol. 2017 Sep/Oct;40(5):208-211. 
[261] Parkinson Study G (1993). Effects of tocopherol and deprenyl on the progression of disability in early Parkinson's disease. N Engl J Med, 328:176-183. 
[262] Parkinson Study G (1993). Effects of tocopherol and deprenyl on the progression of disability in early Parkinson's disease. N Engl J Med, 328:176-183. 
[263] Caccia C, Maj R, Calabresi M, Maestroni S, Faravelli L, Curatolo L, et al. (2006). Safinamide: from molecular targets to a new anti-Parkinson 

drug. Neurology, 67:S18-23. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue X Oct 2022- Available at www.ijraset.com 
     

 
1278 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

[264] Schapira AH, Fox SH, Hauser RA, Jankovic J, Jost WH, Kenney C, et al. (2017). Assessment of Safety and Efficacy of Safinamide as a Levodopa Adjunct in 
Patients With Parkinson Disease and Motor Fluctuations: A Randomized Clinical Trial. JAMA Neurol, 74:216-224. 

[265] Hong CT, Chan L, Wu D, Chen WT, Chien LN (2019). Antiparkinsonism anticholinergics increase dementia risk in patients with Parkinson's 
disease. Parkinsonism Relat Disord, 65:224-229. 

[266] Rajan R, Saini A, Verma B, Choudhary N, Gupta A, Vishnu VY, et al. (2020). Anticholinergics May Carry Significant Cognitive and Gait Burden in 
Parkinson's Disease. Movement Disorders Clinical Practice, 7:803-809.  

[267] Schwab RS, England AC Jr, Poskanzer DC, Young RR (1969). Amantadine in the treatment of Parkinson's disease. JAMA, 208:1168-1170. 
[268] Kuhn W, Müller T 2020. Amantadine for Treating Parkinson’s Disease. In NeuroPsychopharmacotherapy. Riederer P, Laux G, Mulsant B, Le W, and Nagatsu 

T, editors. Cham: Springer International Publishing. 1-6. 
[269] Jenner P, Mori A, Hauser R, Morelli M, Fredholm BB, Chen JF (2009). Adenosine, adenosine A 2A antagonists, and Parkinson's disease. Parkinsonism Relat 

Disord, 15:406-413. 
[270] Mizuno Y, Kondo T, Japanese Istradefylline Study G (2013). Adenosine A2A receptor antagonist istradefylline reduces daily OFF time in Parkinson's 

disease. Mov Disord, 28:1138-1141. 
[271] Ferrari A, Manca M, Tugnoli V, Alberto L (2018). Pharmacological differences and clinical implications of various botulinum toxin preparations: a critical 

appraisal. Funct Neurol, 33:7-18.  
[272] Lagalla G, Millevolte M, Capecci M, Provinciali L, Ceravolo MG (2006). Botulinum toxin type A for drooling in Parkinson's disease: a double-blind, 

randomized, placebo-controlled study. Mov Disord, 21:704-707. 
[273] Mancini F, Zangaglia R, Cristina S, Sommaruga MG, Martignoni E, Nappi G, et al. (2003). Double-blind, placebo-controlled study to evaluate the efficacy and 

safety of botulinum toxin type A in the treatment of drooling in parkinsonism. Mov Disord, 18:685-688. 
[274] Giladi N, Meer J, Honigman S (1994). The use of botulinum toxin to treat "striatal" toes. J Neurol Neurosurg Psychiatry, 57:659. 
[275] Pacchetti C, Albani G, Martignoni E, Godi L, Alfonsi E, Nappi G (1995). "Off" painful dystonia in Parkinson's disease treated with botulinum toxin. Mov 

Disord, 10:333-336.  
[276] Olanow CW, Obeso JA, Stocchi F. Continuous dopa-mine receptor stimulation in the treatment of Parkinson’sdisease: scientific rationale and clinical 

implications. Lan-cet Neurol 2006;5:677–687. 
[277] Olanow CW. Levodopa—current use and future direc-tions. Mov Disord 2007;22(suppl 17):S335–S342. 
[278] Smith LA, Jackson MJ, Al-Barghouthy G, et al. Multiplesmall doses of levodopa plus entacapone produces contin-uous dopaminergic stimulation and reduces 

dyskinesiainduction in MPTP-treated drug naïve primates. MovDisord 2005;20:306–314. 
[279] Stocchi F, Vacca L, Ruggieri S, Olanow CW. Intermit-tent vs continuous levodopa administration in patientswith advanced Parkinson disease: a clinical and 

pharma-cokinetic study. Arch Neurol 2005;62:905–910. 
[280] Stocchi F, Ruggieri S, Vacca L, Olanow CW. Prospectiverandomized trial of lisuride infusion versus oral levodopain PD patients. Brain 2002;125:2058–2066 
[281] Nyholm D, Nilsson Remahl AI, Dizdar N, et al. Duode-nal levodopa infusion monotherapy vs oral polypharmacyin advanced Parkinson disease. Neurology 

2005;64:216–223. 
[282] Martinez-Mir MI, Probst A, Palacios JM. Adenosine A2areceptors: selective localization in the human basal gan-glia and alterations with disease. Neuroscience 

1991;42:697–706. 
[283] Kase H. New aspects of physiological and pathophysi-ological functions of adenosine A2A receptor in basalganglia. Biosci Biotechnol Biochem 

2001;65:1447–1457. 
[284] Kanda T, Jackson MJ, Smith LA, et al. Adenosine A2aantagonist: a novel antiparkinsonian agent that does notprovoke dyskinesia in parkinsonian monkeys. 

Ann Neu-rol 1998;43:507–513 
[285] Hauser RA, Hubble JP, Truong DD; Istradefylline US-001 Study Group. Randomized trial of the adenosineA(2A) receptor antagonist istradefylline in advanced 

PD.Neurology 2003;61:297–303 
[286] Papa SM, Chase TN. Levodopa-induced dyskinesias im-proved by a glutamate antagonist in Parkinsonian mon-keys. Ann Neurol 1996;9:574–578. 
[287] .erhagen Metman L, Del Dotto P, van den Munckhof P,Fang J, Mouradian MM, Chase TN. Amantadine astreatment for dyskinesias and motor fluctuations in 

Par-kinson’s disease. Neurology 1998;50:1323–1326. 
[288] Blanchet PJ, Metman LV, Mouradian MM, Chase TN.Acute pharmacologic blockade of dyskinesias in Parkin-son’s disease. Mov Disord 1996;11:580–581. 
[289] Verhagen Metman L, Del Dotto P, Natte R, van denMunckhof P, Chase TN. Dextromethorphan improveslevodopa-induced dyskinesias in Parkinson’s 

disease.Neurology 1998;51:203–206. 
[290] Evidente VGH, Adler C, Caviness JN, Gwinn-Hardy K.A pilot study on the motor effects of rimatadine inParkinson’s disease. Clin Neuropharmacol 

1999;22:30–32. 
[291] Singer C, Papapetropoulos S, Gonzalez MA, Roberts EL,Lieberman A. Rimantadine in Parkinson’s disease pa-tients experiencing peripheral adverse effects 

from aman-tadine: report of a case series. Mov Disord 2005;20:873–877. 
[292] Konitsiotis S, Blanchet PJ, Verhagen L, Lamers E, ChaseTN. AMPA receptor blockade improves levodopa-induced dyskinesia in MPTP monkeys. Neurology 

2000;54:1589–1595. 
[293] Merrill J. Eisai’s Perampanel Filing Set Back On Phase IIIEfficacy Data In Parkinson’s Disease. PharmAsia News,November 2007 
[294] Piccini P, Weeks RA, Brooks DJ. Opioid receptorbinding in Parkinson’s patients with and withoutlevodopa-induced dyskinesias. Ann Neurol 1997;42:720–726. 
[295] Trabucchi M, Bassi S, Frattola L. Effects of naloxone onthe “on-off ” syndrome in patients receiving long-termlevodopa therapy. Arch Neurol 1982;39:120–

121. 
[296] . Sandyk R, Snider SN. Naloxone treatment of L-dopa-induced dyskinesias in Parkinson’s disease. Am J Psychia-try 1986;143:118. 
[297] Rascol O, Fabre N, Blin O, et al. Naltrexone, an opiateantagonist, fails to modify motor symptoms in patientswith Parkinson’s disease. Mov Disord 

1994;9:437–440. 
[298] Nutt JG, Rosin AJ, Eisler T, Calne DB, Chase TN. Effectof an opiate antagonist on movement disorders. ArchNeurol 1978;35:810–811 
[299] Zhou FM, Liang Y, Dani JA. Endogenous nicotinic cho-linergic activity regulates dopamine release in the stria-tum. Nat Neurosci 2001;41:1224–1229 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue X Oct 2022- Available at www.ijraset.com 
     

 
1279 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

[300] Quik M, Cox H, Parameswaran N, O’Leary K, LangstonJW, Di Monte D. Nicotine reduces levodopa-induced dys-kinesias in lesioned monkeys. Ann Neurol 
2007;62:588–596 

[301] Hill MP, Brotchie JM. The adrenergic receptor agonist,clonidine, potentiates the anti-parkinsonian action of the se-lective kappa-opioid receptor agonist, 
enadoline, in themonoamine-depleted rat. Br J Pharmacol 1999;128:1577–1585. 

[302] Savola JM, Hill M, Engstrom M, et al. Fipamezole (JP-1730) is a potent alpha2 adrenergic receptor antagonistthat reduces levodopa-induced dyskinesia in the 
MPTP-lesioned primate model of Parkinson’s disease. Mov Dis-ord 2003;18:872–883. 

[303] Samadi P, Gregoire L, Rouillard C. Docosahexaenoicacid reduces levodopa-induced dyskinesias in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine monkeys. 
AnnNeurol 2006;59:282–288 

[304] Hofmann C, Penner U, Dorow R, et al. Lisuride, adopamine receptor agonist with 5-HT2B receptor an-tagonist properties: absence of cardiac 
valvulopathyadverse drug reaction reports supports the concept of acrucial role for 5-HT2B receptor agonism in cardiacvalvular fibrosis. Clin Neuropharmacol 
2006;29:80–86 

[305] Chan CS, Guzman JN, Ilijic E, et al. “Rejuvenation” pro-tects neurons in mouse models of Parkinson’s disease.Nature 2007;447:1081–1086. 
[306] Snyder BJ, Olanow CW. Stem cell treatment for Parkin-son’s disease: an update for 2005. Curr Opin Neurol2005;18:376–385. 
[307] Olanow CW, Fahn S. Fetal Nigral Transplantation for Par-kinson’s Disease: Current Status and Future Directions. In:Brundin P, Olanow CW, eds. Restorative 

Therapies in Par-kinson’s Disease. New York: Springer Publishers; 2006:93–118. 
[308] Olanow CW, Goetz CG, Kordower JH, et al. A doubleblind controlled trial of bilateral fetal nigral transplanta-tion in Parkinson’s disease. Ann Neurol 

2003;54:403–414.509. Hallett M.Freed CR, Greene PE, Breeze RE, et al. Transplantationof embryonic dopamine neurons for severe Parkinson’sdisease. N 
[309] Engl J Med 2001;344:710–719 
[310] Hariz MI, Rehncrona S, Quinn NP, Speelman JD,Wensing C; Multicentre Advanced Parkinson’s DiseaseDeep Brain Stimulation Group. Multicenter study 

ondeep brain stimulation in Parkinson’s disease: an inde-pendent assessment of reported adverse events at 4 years.Mov Disord 2008;23:416–421. 
[311] Emre M, Aarsland D, Brown R, et al. Clinical diagnosticcriteria for dementia associated with Parkinson’s disease.Mov Disord 2007;22:1689–1707. 
[312] Burn DJ. Cortical Lewy body disease and Parkinson’sdisease dementia. Curr Opin Neurol 2006;19:572–579. 
 
 
 
 
  
 
 
 



 


