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 Abstract: Nondopaminergic neurotransmitters such as adenosine, norepinephrine, serotonin, gluta-
mate, and acetylcholine are all involved in Parkinson's disease (PD) and promote its symptoms. 
Therefore, nondopaminergic receptors are key targets for developing novel preparations for the 
management of motor and non-motor symptoms in PD, without the potential adverse events of do-
pamine replacement therapy. We reviewed English-written articles and ongoing clinical trials of 
nondopaminergic treatments for PD patients till 2014 to summarize the recent findings on nondo-
paminergic preparations for the treatment of PD patients. The most promising research area of non-
dopaminergic targets is to reduce motor complications caused by traditional dopamine replacement 
therapy, including motor fluctuations and levodopa-induced dyskinesia. Istradefylline, Safinamide, 
and Zonisamide were licensed for the management of motor fluctuations in PD patients, while novel 
serotonergic and glutamatergic agents to improve motor fluctuations are still under research. Sus-
tained-release agents of Amantadine were approved for treating levodopa induced dyskinesia (LID), 
and serotonin 5HT1B receptor agonist also showed clinical benefits to LID. Nondopaminergic targets 
were also being explored for the treatment of non-motor symptoms of PD. Pimavanserin was ap-
proved globally for the management of hallucinations and delusions related to PD psychosis. 
Istradefylline revealed beneficial effect on daytime sleepiness, apathy, depression, and lower urinary 
tract symptoms in PD subjects. Droxidopa may benefit orthostatic hypotension in PD patients. 
Safinamide and Zonisamide also showed clinical efficacy on certain non-motor symptoms of PD pa-
tients. Nondopaminergic drugs are not expected to replace dopaminergic strategies, but further de-
velopment of these drugs may lead to new approaches with positive clinical implications. 
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1. INTRODUCTION 

Parkinson's disease (PD) is a multi-system disease charac-
terized by bradykinesia, resting tremor, rigidity, abnormal gait 
and posture, as well as non-motor symptoms including olfac-
tory disorder, sleep disorder, autonomic nerve dysfunction, 
cognitive and mental disorder [1]. Dopaminergic neuro-
transmitter system has always been the main target of phar-
macological therapies for PD symptoms since the discovery 
of striatal dopamine degeneration in the substantia striatal 
system of PD patients [2]. Dopamine replacement with levo-
dopa is still the most efficient therapy for the management of 
primary features of PD. However, certain features may be-
come an insufficient response to levodopa and chronic levo-
dopa treatment may lead to motor complications. Due to the  
 
*Address correspondence to this author at the Department of Neurology, 
TongRen Hospital, Shanghai Jiao Tong University School of Medicine, 
No.1111 Xianxia Road, 200336, Shanghai, China; Tel: +86-021-52039999-
72223; Fax: +86-021-52039999-72223; E-mail: x_p_wang@sjtu.edu.cn 

fluctuation of motor behavior and the assumptions of levo-
dopa neurotoxicity, there has been a debate about the use of 
levodopa in the scientific community for many years [3, 4]. 
How to prevent and relieve motor fluctuations and levodopa-
induced dyskinesia (LID) have become an important factor 
to be considered in PD treatment. In addition, adverse effects 
of dopamine receptor agonist (DA) include withdrawal syn-
drome, excessive daily somnolence as well as impulse con-
trol disorders, which considerably limit their clinical applica-
tions [5-7].  

Nondopaminergic neurotransmitters such as serotonin, 
adenosine, glutamate, norepinephrine, as well as acetylcho-
line are all considered to be involved in the regulation of 
basal ganglia and other neural circuits important for move-
ment [8-10] (Figs. 1 and 2). The concept of targeting nondo-
paminergic receptors has been a key point of study for years 
as a possible way to alleviate motor and non-motor symp-
toms of PD, without the potential adverse events of dopa-
mine replacement. Several studies have reported that novel 
anti-PD agents targeting α2-adrenergic receptors, adenosine 
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Fig. (1). Nondopaminergic neurotransmitters including GABA, Glutamate, Acetylcholine, Histamine, Serotonin and Adenosine are distribut-
ed throughout the basal ganglia or related structures and play an important role in the motor and non-motor symptoms of PD patients. Nondo-
paminergic agents targeting on Histamine, Glutamate, Acetylcholine, Serotonin or Noradrenaline systems appear to regulate the direct path-
way through the globus pallidus internus (left). While those targeting on GABA and adenosine systems mainly influence the indirect pathway 
reaching the globus pallidus externus and subthalamic nucleus before the globus pallidus internus (right). GPi: globus pallidus internus. SN: 
substantia nigra. PPN: pedunculopontine nucleus. GPe: globus pallidus externus. LC: locus coeruleus. Th: thalamus. STN: subthalamic nu-
cleus. Str: striatum. (A higher resolution/colour version of this figure is available in the electronic copy of the article). 

 

Fig. (2). Schematic diagram of direct and indirect pathway in basal ganglia, regulation of serotonergic and noradrenergic projections, and 
receptors associated with non-dopaminergic treatments. GPi: globus pallidus internus. SNpc: substantia nigra pars compacta. pedunculopon-
tine nucleus. GPe: globus pallidus externus. STN: subthalamic nucleus. LC: locus coeruleus. SNpr substantia nigra pars reticulata. MRN: 
median raphe nucleus. (A higher resolution/colour version of this figure is available in the electronic copy of the article). 
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A2A receptors, glutamate receptors and monoamine oxidase-
B could improve clinical efficacy, prevent the occurrence of 
motor complications as well as alleviate LID [11-15]. Differ-
ent studies have also evaluated nondopaminergic prepara-
tions as potential therapeutic options for non-motor symp-
toms of PD sufferers. Research and development of novel 
agents that act on nondopaminergic neurotransmitters may 
be a new direction for the treatment of PD in the future.  

Therefore, this review aims to provide a comprehensive 
summary of the emerging findings on nondopaminergic ther-
apy and the role of each compound in the control of motor 
complications and non-motor symptoms. A comprehensive 
knowledge of recent literature evidence would help clini-
cians in the management of nondopaminergic therapy for PD 
patients.  

2. SEARCH STRATEGY AND SELECTION CRITE-
RIA 

 We reviewed English-written articles published in Pub-
Med between January 2014 and November 2021 by using the 
following key terms ‘Parkinson's disease’, ‘nondopaminer- 
gic treatments’, adenosine’, ‘acetylcholine’, ‘histamine’, ‘glu-
tamate’, ‘serotonin’, ‘5HT’, ‘noradrenaline’, ‘�-aminobutyric 
acid’, ‘GABA’, ‘opioid’, ‘cannabinoid’, ‘motor symptoms’, 
‘motor fluctuations’, ‘LID’, ‘dyskinesia’ and ‘non-motor 
symptoms’. Ongoing clinical trials were also searched using 
similar key terms on https://clinicaltrials.gov. In most cases, 
papers were only selected for review when there was an estab-
lished rating scale or well-described measurement of end-
points. Systematic reviews and meta-analysis were included if 
they reported nondopaminergic treatment for PD. Studies with 
insufficient data, duplicated publications, and drugs being 
tested on animals were excluded. Important nondopaminergic 
targets that were previously evaluated were also mentioned if 
no further studies had been performed using this target since 
2014. The text structure is organized based on the different 
nondopaminergic targets. Readers are referred to (Figs. 3-5) 
for categorization of nondopaminergic targets based on symp-
toms. A comprehensive review of the preclinical background 
and scientific principles for the use of nondopaminergic tar-
gets are beyond the scope of this manuscript and readers may 
refer to referenced related reviews in each section. 

3. ADENOSINE A2A RECEPTOR ANTAGONISTS 

Antagonists of adenosine A2A receptors have been re-
ported to moderately improve clinical symptoms in advanced 
PD patients without any impairment to motor symptoms 
[16]. Adenosine A2A receptor is strongly expressed in the 
striatum and can interact with a variety of receptors. Adeno-
sine A2A receptor antagonists can promote the dopamine D2 
receptor signaling pathway and show certain anti-Parkinson 
activity (Figs. 1 and 2) [17]. Interaction with metabotropic 
glutamate receptor subtype 5 (mGluR5) can reduce the re-
lease of excitatory neurotransmitter glutamate or the phos-
phorylation of glutamate receptors, thereby alleviating neu-
rotoxicity [17]. Adenosine A2A receptor antagonists are 
some of the most promising compounds for the management 
of PD by reversing exercise injury and contrasting cell de-
generation. Currently, new antiparkinsonian agents targeting 
adenosine A2A receptors are in clinical trials.  

Istradefylline is a selective adenosine A2A receptor an-
tagonist developed by Kyowa Hakko Kogyo Company in 
Japan. A pooled analysis of 723 subjects found that Istrade-
fylline was beneficial to motor symptoms of PD sufferers by 
activating the GABA pathway in the subthalamic nucleus 
[18]. Two randomized clinical studies with a total of 681 PD 
patients showed that Istradefylline reduced OFF time and 
increased ON time without dyskinesia compared to placebo 
[19, 20]. A multicenter, single-group and prospective study 
including 31 PD patients found that Istradefylline could ame-
liorate gait disorder and quality of life in PD sufferers com-
plicated with freezing of gait (FOG) [21]. A pooled analysis 
of 723 PD individuals revealed that in patients over 65 years, 
the use of Istradefylline provided a significant beneficial 
response by reducing OFF time and increasing ON time. 
OFF time reduction was more favorable in patients with 
more than 8-hour daily OFF time at baseline. The improve-
ment in Unified Parkinson’s Disease Rating Scale (UPDRS) 
Part III score was beneficial in PD subjects with UPDRS 
Part III baseline score over 20 [22]. 

Animal experiments reported that adenosine A2A recep-
tor antagonist could inhibit bladder overactivity in PD mouse 
model. In 2016, a clinical study of 13 male PD subjects 
found that Istradefylline could improve the lower urinary 
tract symptoms and relieve urination and storage symptoms 
in PD patients [23]. A 3-month clinical trial including 22 PD 
patients explored the therapeutic effect of Istradefylline on 
sleep disorders, daytime drowsiness, and motor symptoms. 
The results revealed that Istradefylline could significantly 
improve daytime sleepiness in PD patients, which may be 
due to its effect of increasing alertness, while it has no effect 
on sleep disorders [24]. Another open-label trial of 30 PD 
subjects to access the effect of Istradefylline on mood disor-
ders in PD patients found significant improvement in anhe-
donia, apathy, and depression in the Istradefylline treatment 
group [25]. Recently, a sub-analysis of a 1-year observation-
al study including 732 PD patients was performed to evalu-
ate the effect of Istradefylline on non-motor symptoms in 
Istradefylline-naïve Japanese PD individuals. The study 
found no significant improvement in UPDRS part 1 total 
score or any sub-items, or in the PD questionnaire (PDQ-8) 
total score at the end of the 52-week observational period 
[26]. A pilot investigation of 126 inpatients with PD showed 
benefit for PD patients following an inpatient setting in a 
specialized PD unit. The study found that the severity of 
non-motor symptoms also depends on the severity of motor 
symptoms [27]. Therefore, the improvement of non-motor 
symptoms in PD patients may relate to the improvement of 
motor symptoms. Further research is still required to investi-
gate the precise effect of Istradefylline on non-motor symp-
toms in PD patients. Istradefylline was approved as a com-
bined treatment for levodopa in Japan in 2013.  

Preladenant is another potent and selective A2A antago-
nist which has been found to improve motor function in ani-
mal models of PD [28, 29]. A phase II and dose-finding clin-
ical trial of 234 PD subjects found that 5mg and 10mg 
preladenant twice a day had a certain clinical significance in 
reducing OFF time in PD individuals receiving levodopa or 
other antiparkinsonian agents [30]. However, subsequent 
studies did not confirm the effectiveness of reducing OFF 
periods. Another phase II clinical study on 111 Japanese PD 
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Fig. (3). Nondopaminergic preparations for the management of Levodopa-induced dyskenia in PD patients. 
 

 
Fig. (4). Nondopaminergic preparations for the management of motor fluctuations and gait disorder. 
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Fig. (5). Nondopaminergic preparations for the management of non-motor symptoms in PD patients. 
 
patients receiving a stable dose of levodopa showed that 
Preladenant failed to reduce mean OFF time from baseline to 
week 12. The placebo effect, disadvantages of using paper 
diaries as well as the possible confounding factor of caffeine 
are all alleged reasons behind this negative test [31]. In two 
phase III adjunctive studies of 1254 PD patients from multi-
center, Preladenant as an adjunct therapy to levodopa did not 
find significant improvement in OFF time compared to pla-
cebo. However, no statistically significant treatment differ-
ence was found in the active comparator Rasagiline treat-
ment group, thus making the authors speculate that the study 
failed and was insufficient to evaluate the potential effect of 
Preladenant for the treatment of PD [32]. An international 
study with a total of 1,007 PD subjects to explore the effec-
tiveness and tolerability of a series of Preladenant doses as 

monotherapy for newly diagnosed PD individuals who were 
not treated with levodopa or DA also failed to support the 
effectiveness of Preladenant [33]. Preladenant was safe and 
had a good tolerance, with reported side effects including 
constipation, nausea, somnolence and worsening of PD [31, 
32]. Owing to the negative results of the above clinical trials, 
no further research was conducted on Preladenant for the 
treatment of PD. 

Tozadenant is a candidate agent for selective adenosine 
A2A receptor antagonist. A large-scale clinical trial enrolled 
420 PD patients taking levodopa for more than 12 months 
and suffering wearing-off motor fluctuations with an OFF 
period lasting for more than 2.5 h a day [34]. The results 
indicated that Tozadenant 120 mg or 180 mg twice daily was 
safe and had a promising therapeutic effect for reducing the 
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daily OFF period [34]. The common adverse reactions of 
Tozadenant were dyskinesia, nausea, dizziness, and constipa-
tion. Deterioration of PD symptoms has also been reported, 
which should be monitored carefully. Tozadenant is now in 
phase III clinical trial. Unfortunately, the program was 
stopped due to life-threatening blood count changes. 

Studies consistently linked the use of Caffeine, a nonse-
lective antagonist of adenosine receptors, to a lower risk of 
PD, although the mechanism behind this robust finding is 
unclear [35]. Recent studies have evaluated the effect of Caf-
feine on the symptoms of PD. A 6-week open-label study of 
48 PD individuals found that the maximum tolerance of Caf-
feine in PD patients appears to be 200 mg to 400 mg daily, 
and caffeine for 400 mg/day showed potential beneficial 
effects on motor function and excessive daytime sleepiness 
[36]. A small clinical trial of Caffeine in 61 PD patients with 
daytime sleepiness found that Caffeine up to 200 mg twice a 
day for 26 weeks did not significantly improve excessive 
daytime somnolence in PD patients. The study observed im-
provements in total UPDRS score and the objective motor 
component in Caffeine treatment group compared with pla-
cebo [37]. However, a multicenter parallel-group controlled 
trial involving 60 PD patients who received Caffeine and 61 
subjects who received placebo showed that caffeine 400 mg 
per day did not significantly improve motor manifestations 
of PD. The epidemiological link between Caffeine and a 
lower risk of PD did not seem to be explained by sympto-
matic effect [38]. No side effects were more common in Caf-
feine compared with placebo. Whether Caffeine could im-
prove the motor symptoms of PD still needs further research. 

As a class of drugs, the advantage of A2A receptor an-
tagonists over monoamine oxidase B (MAO-B) inhibitor and 
catechol-O-methyltransferase (COMT) inhibitor is that they 
do not interact with narcotics, tyramine, and antidepressants. 
Based on successful preclinical and/or phase I studies, there 
are other A2A receptor antagonists being considered for the 
expected phase II study of PD, such as ST4206, V81444, 
PBF-509 and ST1535.  

4. MONOAMINE OXIDASE-B INHIBITORS 

Brain function depends largely on the neurotransmission 
of biogenic monoamines. Their metabolism utilizes MAO-B 
in neuronal and glial cells and thus, inhibition of MAO-B 
increases the biogenic amine levels [39]. Inhibiting the activ-
ity of MAO-B increases the concentration of dopamine in the 
brain and protect neurons. MAO-B inhibitors can be used 
alone or in combination with levodopa to delay the occur-
rence of motor complications and reduce levodopa dosage in 
PD patients [40, 41]. Safamide and Zonisamide are clinically 
available reversible MAO-B inhibitors that increase dopa-
mine levels via reducing levodopa decomposition. They also 
inhibit glutamate release by blocking voltage-gated sodium 
and calcium channels. 

Safinamide is a highly selective and reversible MAO-B 
inhibitor developed by Newron. It can block N-type calcium 
channels and voltage-dependent sodium channel as well as 
inhibit the release of excitatory neurotransmitter glutamate 
[42]. Safinamide 100 mg or 200mg/day showed good tolera-
bility as adjunctive therapy for early PD patients receiving 
DA therapy [43]. Borgohain et al. conducted a 24-week mul-

ticenter clinical study including 669 PD individuals to ex-
plore the effectiveness and safety of Safinamide (50, 100 
mg/d) in the treatment of advanced PD patients with dyski-
nesia [44]. The study found that the ON time was prolonged 
by 1.37h in 50 mg/d group, 1.36h in 100 mg/d group and 
0.97h in placebo group. In addition, Safinamide significantly 
improved OFF time, clinical status, and motor function in 
each group compared with placebo, and higher doses also 
improved activities of daily living and quality of life [44]. 
Another clinical study using Safinamide as an adjunctive 
therapy for 549 patients with moderate-to-advanced PD ac-
companied by motor fluctuations showed improvement of 
dyskinesia in patients who suffered moderate dyskinesia at 
the baseline level. This clinical trial also found that Safina-
mide had a significant clinical beneficial effect on OFF-time, 
ON-time, motor symptoms, quality of life and depressive 
symptoms [45].  

The clinical efficacy of Safinamide for non-motor symp-
toms in PD subjects was also evaluated. Two Post hoc anal-
yses with a total of 1021 PD patients found that Safinamide 
100mg significantly improved the Parkinson’s Disease Ques-
tionnaire (PDQ-39) “Emotional well-being” domain scores, 
GRID Hamilton Rating Scale for Depression and health-
related quality of life [46, 47]. In 2018, a post hoc analysis of 
669 PD subjects assessed the long-term efficacy of Safina-
mide on chronic pain in fluctuating PD patients. According 
to the study, a significantly higher proportion of patients in 
the Safinamide group did not receive analgesic treatment 
compared to those in the placebo group (76.1% versus 70%). 
After 2 years of treatment, the proportion of patients in the 
Safinamide group who were not taking the painkiller in-
creased significantly [48]. The secondary analysis of an 
open-label study [49] of 44 PD patients also reported that 
Safinamide was well tolerated and alleviated pain in PD pa-
tients at 6 months [50]. In 2020, an exploratory study involv-
ing 35 PD patients found that the addition of Safinamide 
ameliorated executive dysfunction in PD patients with symp-
tom fluctuations at the end of levodopa dose. Specifically, 
the addition of Safinamide significantly improved attention 
and inhibited cognitive interference [51]. A multicenter ret-
rospective study including 82 PD patients found significant 
improvement on the Hamilton Depression Scale after taking 
safinamide for 3 months, suggesting that Safinamide may be 
an efficacious treatment for depression in PD patients [52]. 
An open-label prospective study of 50 PD individuals found 
that Safinamide was well tolerated and improved non-motor 
symptoms of PD patients, including mood, sleep, daytime 
somnolence, cognition, gastrointestinal as well as urinary 
symptoms at 6 months [49]. Secondary analysis of the study 
also found a significant decrease in Non-Motor Symptoms 
Scale mood/apathy domain, and PDQ-39 emotional well-
being domain [53]. Patients taking Safinamide were more 
likely to report adverse events, including dyskinesia, insom-
nia, dizziness, headache, nausea and falls [15, 43, 44]. The 
safety and efficacy of Safinamide on non-motor symptoms 
should be confirmed in larger randomized controlled trials. 
On February 26, 2015, Safinamide was approved for the first 
time in the European Union as a supplement to a stable dose 
of levodopa (used alone or combined with other anti-PD 
agents) for the treatment of advanced PD patients with motor 
fluctuations [54]. 
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Zonisamide, a clinically available reversible MAO-B in-
hibitor, was introduced as an antiepileptic agent in Japan in 
1989. In vivo evidence suggested that Zonisamide also re-
duced glutamate release. A phase II clinical trial found that 
both 25 mg/day and 50 mg/day of Zonisamide improved 
UPDRS Part III score and were well tolerated [55]. A small 
open-label study of 11 PD patients showed that Zonisamide 
25 mg for 28 weeks was safe and efficient for improving 
motor functions in early-stage PD patients who were already 
receiving small amounts of levodopa [56]. A multicenter, 
parallel-treatment study including 185 advanced PD patients 
reported that Zonisamide 25 mg/day and 50 mg/day were 
efficacious and well tolerated for advanced PD [57]. Another 
clinical trial of 354 PD patients found that 50 mg of Zonis-
amide significantly decreased the OFF time in PD individu-
als with wearing-off phenomena [58]. Recently, a phase II 
study involving 137 subjects discovered that Zonisamide 50 
mg as an adjunctive treatment with levodopa for 12 weeks 
significantly improved the UPDRS part III score in patients 
with dementia with Lewy bodies (DLB) [59]. Another phase 
III study of 346 subjects and a post hoc analysis of two ran-
domized clinical studies also reported that Zonisamide im-
proved parkinsonism in DLB patients and with good tolera-
bility [60, 61]. The results from an open label trial of 20 PD 
patients with motor fluctuation also demonstrated the benefi-
cial effect of Zonisamide 25 and 50 mg/day on motor symp-
toms and sleep disturbances in PD patients with motor fluc-
tuation [62]. Zonisamide may be more efficacious for sleep 
disorders and depressive symptoms in PD patients troubled 
with tremor than in those without tremor [62]. In 2009, Zo-
nisamide 25 mg/day was approved in Japan as adjunctive 
therapy for PD patients with insufficient response to levodo-
pa treatment. 

5. GLUTAMATERGIC PATHWAYS  

5.1. Glutamate Receptor Antagonist 

Glutamate is a crucial excitatory neurotransmitter in the 
brain and mediates its action by acting on ionotropic (N-
methyl-D-aspartate [NMDA]) receptors, α �amino�3�hyd- 
roxy�5�methyl�4�isoxazole propionic (AMPA) and metabo-
tropic glutamate receptors (mGluR1-mGluR8) (Figs. 1 and 
2) [63]. Inhibition of glutamate release can effectively re-
lieve symptoms of PD [64, 65]. NMDA receptors belong to 
ligand-gated subtype of ionotropic glutamate receptors and 
are strongly expressed in dopaminergic neurons of substantia 
nigra, while mGluRs are predominantly expressed in the 
basal ganglia [66]. NMDA receptors play an essential part in 
regulating glutamatergic synaptic transmission and have a 
remarkable curative effect on LID. 

Amantadine immediate release (IR) is a low affinity and 
noncompetitive glutamate receptor antagonist, which is 
efficacious and clinically useful for the treatment of LID [67, 
68]. A study of 46 PD subjects who received subthalamic 
nucleus deep brain stimulation�STN-DBS�found that 
Amantadine IR has clinical benefits on gait and balance in 
PD individuals who received STN-DBS [69]. Data from a 
phase IV washout clinical study of 57 amantadine-treated 
dyskinetic patients with PD emphasize the fact that 
Amantadine IR can be effective for LID in the long term 
while withdrawing of Amantadine significantly aggravated 

LID wihtin a mean time of 7 days. Therefore, clinicians 
should be cautious about the discontinuing of Amantadine 
due to the significant and uncomfortable worsening of LID 
[70].  

ADS-5102 is a long-acting and sustained-release Aman-
tadine hydrochloride capsule formulation. Amantadine alle-
viates parkinsonian symptoms by increasing extracellular 
dopamine levels in the striatum through reuptake inhibition 
and NMDA antagonism [71]. In 2015, a randomized phase 
II/III study of 83 subjects investigated the safety, effective-
ness as well as tolerability of ADS-5102 in the management 
of LID [72]. Patients received three different doses (260 mg, 
340 mg, and 420 mg) of ADS-5102 (amantadine hydrochlo-
ride) or placebo once daily for 8 weeks. The results showed 
that ADS-5102 340 mg per day at bedtime was well tolerated 
and efficacious for relieving dyskinesia in PD patients. In 
addition, ADS-5102 dramatically increased ON time without 
causing dyskinesia according to patient diaries [72]. In 2017, 
a phase III clinical trial involving 77 patients evaluated the 
effectiveness and safety of 274 mg ADS-5102 sustained re-
lease capsule (equivalent to 340 mg Amantadine hydrochlo-
ride) in the management of LID [73]. Results from the study 
showed that ADS-5102 274 mg significantly reduced LID 
and ameliorated OFF time. Another clinical study involving 
126 patients confirmed the value of ADS-5102 274 mg taken 
orally at bedtime in relieving or eliminating LID and OFF 
time [74]. Post hoc analysis of 196 PD patients from two 
randomized clinical trials found that ADS-5102 was effica-
cious for depression and daytime sleepiness in PD patients 
troubled with dyskinesia and the improvement of non-motor 
symptoms was related to the improvement of dyskinesia 
[75]. 

ADS-5102, as a sustained-release Amantadine prepara-
tion, provides a more continuous and higher plasma concen-
tration of Amantadine than immediate-release preparations 
[76, 77]. ADS-5102 only needs to be administered once daily 
at bedtime, which simplifies the sometimes rather complex 
drug intake regimen, especially for patients with advanced 
PD who have well-known compliance issues [76, 78]. The 
application of ADS-5102 is more convenient and simpler 
than deep brain stimulation or an infusion regimen [76]. Re-
ported adverse effects included constipation, nausea, dizzi-
ness, and dry mouth [14, 73, 74, 76]. ADS-5102 for 274 mg, 
taken once a day at bedtime, has been approved by FDA for 
the treatment of LID [79]. 

Memantine is another non-selective NMDA receptor an-
tagonist primarily used for the management of Alzheimer's 
disease (AD). The anti-dyskinetic effects of Memantine on 
PD patients have been studied before, while the results  
have not provided convincing evidence for the treatment of 
LID. In a small clinical trial of 25 PD patients, Memantine 
20 mg/day for 90 days was associated with improved axial 
motor symptoms and lower Dyskinesia Rating Scale score 
[80]. Another small clinical trial of 15 PD subjects observed 
that Memantine 20 mg/day for 3 weeks significantly reduced 
the daytime duration of dyskinesia in PD patients, although 
the study failed to reach the primary endpoint of dyskinesia 
severity [81]. These two small clinical trials indicated that 
Memantine may have therapeutic effects on dyskinesia in PD 
subjects and a larger clinical study with a longer observation 
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time is warranted. A double-blind clinical trial of 51 subjects 
(30 with Parkinson's disease dementia (PDD) and 21 with 
dementia with Lewy bodies (DLB) found that Memantine at 
20 mg improved choice reaction time, immediate and de-
layed word recognition in both PDD and DLB groups [82]. 
So far, there has been no further study of Memantine in the 
treatment of PD.  

Dextromethorphan (combined with a low dose of 
CYP2D6 inhibitor quinidine to increase bioavailability) has 
been licensed for the administration of pseudobulbar affect. 
Dextromethorphan has been studied for the treatment of LID 
owing to its major NMDA antagonist activity and effect on 
serotonin and norepinephrine reuptake inhibitors. A phase 
IIa clinical study of 13 PD patients found that Dextrome-
thorphan/quinidine 45 mg/10 mg twice a day for 2 weeks 
significantly reduced the severity of dyskinesia compared 
with placebo [83]. A larger clinical trial is needed to confirm 
this conclusion, while no further research is currently 
planned.  

5.2. AMPA Receptor Antagonists  

Topiramate is a commonly used antiepileptic with a vari-
ety of mechanisms, such as inhibition of glutamatergic activ-
ity via AMPA and kainic acid receptors. Preclinical studies 
showed that Topiramate significantly reduced LID and may 
synergize with Amantadine [84, 85]. However, clinical trials 
did not find that topiramate could improve LID. A clinical 
study involving 13 PD patients showed that topiramate 100 
mg/day for 4 weeks worsened LID and was poorly tolerated 
by PD patients [86]. Another clinical trial including 21 PD 
patients also found that topiramate 25-150 mg/day in combi-
nation with Amantadine over 8 weeks failed to improve dys-
kinesia [87]. Reported adverse events included worsening 
dyskinesia, hallucinations, dry eyes/mouth and breathing 
problems. Other AMPA antagonists such as Perampanel and 
Remacemide have been discussed in previous studies for the 
lack of efficacy and poor tolerance in relieving motor symp-
toms and LID in PD sufferers [88, 89]. AMPA receptor an-
tagonists do not seem to be very promising in the treatment 
of PD based on the results of previous studies. 

5.3. mGluR4 Receptor Positive Allosteric Modulators 

mGluR4 negatively regulates the release of �-amino- 
butyric acid (GABA) and glutamate in the indirect pathway 
of basal ganglia and is therefore considered to be a potential 
target for the treatment of motor symptoms in PD patients 
[90]. Animal study found that Foliglurax, a positive alloster-
ic modulator of mGluR4 could ameliorate motor symptoms 
and motor complications in macaque models of PD [91]. A 
28-day phase IIa study involving 157 PD individuals with 
motor fluctuations was conducted to explore the efficacy of 
Foliglurax. A recent press release reported that there had 
been no significant improvement of dyskinesia and OFF 
time, and no tolerance problems were found. Full details of 
the phase IIa study are still pending, and no further develop-
ment of such agents has been reported. 

5.4. mGluR5 Receptor Antagonists 

In preclinical studies, increased specific binding of 
mGluR5 in the posterior putamen and globus pallidus of 
primates is related to LID [92, 93]. Therefore, there is con-

vincing evidence to further study the role of mGluR5 antag-
onist in LID treatment. AFQ056 is a novel and effective se-
lective inhibitor of mGluR5 subtype. Two randomized clini-
cal studies involving 59 PD individuals revealed that 
AFQ056 25-150 mg twice daily for 16 days improved dyski-
nesia severity scores without exacerbating parkinsonian 
symptoms [94]. In another dose-finding clinical trial, a total 
of 197 PD subjects troubled with LID who were not taking 
Amantadine were randomly divided into 6 groups to receive 
AFQ056 (20 mg, 50 mg, 100 mg, 150 mg and 200 mg daily) 
or placebo for 12 weeks. The results found significant im-
provement on the modified Abnormal Involuntary Move-
ments Scale (mAIMS) in subjects randomized to AFQ056 
200 mg per day [95]. A small clinical study including 14 PD 
individuals showed a slight improvement of mAIMS score in 
AFQ056 treatment group (200 mg/day) while a slight deteri-
oration of Unified Dyskinesia Rating Scale (UDysRS) parts 
III and IV score compared to placebo. The results of this 
study were considered inconclusive due to conflicting results 
and fewer patients [96]. Two phase II randomized clinical 
studies of 207 PD patients who received immediate-release 
AFQ056 200 mg/day or received modified-release AFQ056 
300 mg/day or 400 mg/day for 12 weeks both failed to show 
improvement of dyskinesia [97]. Common adverse events of 
AFQ056 included hallucinations, fatigue, dizziness and na-
sopharyngitis. A recent meta-analysis including six random-
ized clinical studies with a total of 485 PD patients revealed 
that current evidence did not support the effectiveness of 
AFQ056 in the management of LID in PD patients and the 
use of AFQ056 for LID treatment was not recommended 
[98].  

Dipraglurant (ADX48621) is a novel and efficacious 
negative allosteric modulator of mGluR5. Animal experi-
ments indicated that Dipraglurant mitigated the severity of 
LID in the macaque PD model in a dose-dependent manner 
without affecting the efficacy of levodopa [99]. A random-
ized phase IIa clinical study enrolled 76 patients to explore 
the effectiveness and tolerability of Dipraglurant [13]. The 
initial dose of Dipraglurant was 50 mg once a day and in-
creased to 100 mg 3 times a day after 2 weeks. The results 
showed that Dipraglurant had good safety and tolerability. 
This study also found that Dipraglurant could mitigate peak 
dose dyskinesia, and its effect of relieving LID deserves fur-
ther explorations in larger-scale clinical tests. Unfortunately, 
the phase IIb study of Dipraglurant did not meet the primary 
end-point and the program was terminated. 

5.5. Glutamate Release Inhibitor 

Naftazone, a drug widely used to treat varicose veins and 
venous insufficiency, also presented with some anti-glutama- 
tergic properties. A small study of 7 PD patients showed that 
Naftazone 120 mg/day for 28 days could improve trouble-
some dyskinesia compared with placebo [100]. A phase IIa 
study including 16 PD patients found Naftazone 160 mg/day 
for 2 weeks was safe and generally well tolerated. Although 
the levodopa challenge test is well designed and allows low 
variability in motor symptoms and dyskinesia scores, the test 
failed to demonstrate the efficacy of Naftazone on LID 
[101]. Further exploration of Naftazone should be conducted 
in a larger clinical trial with a longer observation period. 
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6. SEROTONINERGIC AGENTS 

5-Hydroxytryptamine (5-HT) receptors regulate a variety 
of biological and neurological processes, including cogni-
tion, learning, memory, emotion, anxiety, appetite, nausea, 
sleep and thermoregulation [102]. 5-HT neurons in the brain 
mainly originate from the dorsal raphe nuclei in brainstem 
with their nerve fibers stimulating various components of the 
basal ganglion circuit, which acts a pivotal part in regulating 
the excitability of neurons and modulating behavior and 
movement of the body (Figs. 1 and 2) [102]. The regulation 
of 5-HT system has been widely studied as a potential path-
way to alleviate PD psychosis and LID. 

6.1. 5�HT1A Receptor Agonists 

Presynaptic 5-HT1A receptor agonists reduce the release 
of dopamine from serotonergic striatal terminals, potentially 
reducing dyskinesia [103]. Therefore, some clinically availa-
ble antidepressants acting on 5-HT1A receptor were evaluated 
in PD subjects. Buspirone improved dyskinesia without ex-
acerbating PD symptoms in a small study of 10 PD subjects 
[104]. To date, a phase II clinical trial using Buspirone in PD 
subjects as adjunctive therapy to Amantadine (https:// clini-
caltrials. gov. identifier: NCT02589340) was terminated due 
to slow enrollment. A phase III clinical study on Buspirone 
in advanced PD individuals has passed its completion date 
while status was not verified for more than 2 years 
(https://clinicaltrials.gov. identifier: NCT02617017). A re-
cent clinical study including 21 PD individuals was designed 
to assess the safety and tolerability of Buspirone for anxiety 
in PD patients. The study found that Buspirone treatment 
was intolerable with 7 of 17 patients discontinuing Buspi-
rone treatment before the completion of this 12-week study, 
and 9 of 17 patients experiencing deterioration in motor 
function [105]. Sarizotan, a selective 5-HT1A receptor ago-
nist, has been reported to be unable to extend ON time with-
out dyskinesia, and higher dose was related to longer OFF 
times compared to placebo [106, 107]. Eltoprazine is a selec-
tive partial agonist of 5-HT1A and 5-HT1B receptors and has 
shown anti-dyskinetic effect in animal models of LID [108]. 
A dose-finding clinical study of 22 PD patients showed that 
Eltoprazine 5mg/day had a beneficial anti-dyskinetic effect 
without altering the normal motor response to levodopa 
[109]. Subsequent phase II clinical study on Eltoprazine  
has passed its completion date while status was not verified 
for more than 2 years (https://clinicaltrials.gov.identifier: 
NCT02439125). JM-010 is a combination of zolmitriptan 
and buspirone [110]. A 2-way crossover study of 30 PD in-
dividuals with moderate to severe LID to assess the efficacy, 
tolerability, and pharmacokinetics of JM-010 has been com-
pleted while the results are still pending (https://clinicaltrials. 
gov. identifier: NCT02439203)� Another placebo-controlled 
study of JM-010 is still under recruiting (https://clinicaltrials. 
gov. identifier: NCT03956979).�Other two agents based on 
5HT1A receptor under preparation for the treatment of LID 
are NLX-112 [111, 112] and F15599 [113]. 

6.2. 5-HT2A/2C Antagonists 

Clozapine, a dibenzodiazepine, is weak antagonistic to 
D2 receptors and has significant activity against dopamine 
D4 and 5-HT2 receptors, particularly in the treatment of PD 
at a low dose [114, 115]. Clozapine is the only antipsychotic 

agent that has been shown in clinical trials to be efficacious 
for PD patients with mental disorders and without exacerbat-
ing motor symptoms in PD patients [116, 117]. The average 
daily effective dose for PD patients is usually 25-50 mg/day 
and the therapeutic benefit can be achieved when the daily 
dose is as low as 6.25 mg [116]. Clinical investigations have 
also confirmed the efficacy of Clozapine for Parkinson's 
tremor compared with Pimavanserin [118, 119]. A clinical 
study involving 38 patients with severe PD found that 
Clozapine at 25-50 mg/day improved LID in PD patients 
without worsening PD symptoms [120]. Non-dose-depen- 
dent agranulocytosis related to Clozapine may be fatal with 
an incidence of 0.38% [121] hence frequent blood tests are 
mandatory to monitor the absolute count of neutrophil, pref-
erably in a specialized center. Other reported adverse effects 
included seizures [122], postural hypotension and drowsiness 
[115]. The clinical application of Clozapine is limited con-
sidering its side effects. 

As a highly selective 5-HT2A inverse agonist with no af-
finity for 5-HT2B receptors, Pimavanserin is an effective 
therapy for mental disorders of PD patients [123]. A 6-week, 
phase III trial containing 199 PD individuals investigated the 
tolerability and effectiveness of Pimavanserin in PD patients 
with psychosis [124]. Pimavanserin for 40mg/day reflected a 
significant improvement of psychosis in subjects with mod-
erate or severe PD, and PD patients in Pimavanserin group 
also showed improvements in nocturnal sleep and daytime 
wakefulness compared with placebo [124]. Pimavanserin 
was also found to be well-tolerated with no deterioration of 
parkinsonism or other safety concerns. The common adverse 
reactions of Pimavanserin included nausea, headache, uri-
nary tract infection and peripheral edema [124]. In a random-
ized clinical study of 383 PD patients, the antipsychotic ef-
fect of Pimavanserin was relatively strong in PD patients 
with cognitive impairment, and its antipsychotic effect could 
be enhanced by cognitive enhancement drugs [125]. Pima-
vanserin may benefit patients with PD psychosis, especially 
for those with few other valuable treatment options [126]. 
On April 29, 2016, Pimavanserin was approved globally for 
the first time in the United States for the management of 
hallucinations and delusions related to PD psychosis [127].  

7. ACETYLCHOLINE AGENTS 

7.1. Cholinesterase Inhibitors 

Acetylcholine (ACh) produce neurons in the peduncu-
lopontine tegmental nucleus (PPN) and nucleus basalis (Fig. 
1) [128]. PPN is directly involved in the control of gait and 
posture, while nucleus basalis contributes to the attention 
process required for these tasks [2, 129, 130]. Therefore, 
strategies to increase ACh levels in the brain were supposed 
to alleviate axial motor symptoms of PD. Rivastigmine and 
donepezil are clinically available cholinesterase inhibitors 
licensed for the management of cognitive dysfunction or 
dementia. Clinical studies revealed that Rivastigmine and 
Donepezil may help prevent falls in PD sufferers.  

A phase II clinical study including 114 PD patients with-
out cognitive impairment revealed that Rivastigmine (from 3 
mg/day to a target dose of 12 mg/day) for 12 weeks signifi-
cantly improved step time variability in simple cognitive 
dual task during normal walking. While for complex cogni-
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tive dual tasks, there was no difference in the improvement 
of step time variability between different groups [131]. A 
prospective clinical study including 176 PD patients was 
conducted to evaluate the effects of Rivastigmine (6 mg/day) 
on cognitive impairment and falls in PD patients. After 12 
months, the number of falls per person as well as the inci-
dence of falls in Rivastigmine group was much lower com-
pared to control group. The Montreal Cognitive Assessment 
(MoCA) score was also significantly higher in the Rivastig-
mine treatment group than in the control group, indicating 
that the incidence of falls may be closely associated with the 
degree of cognitive impairment [132]. A recent study ran-
domized 19 patients with Parkinson's disease dementia 
(PDD) to transdermal or oral Rivastigmine (9.5 mg/10 cm2 
daily or 12 mg/day) group. The study found a significant 
15.8% reduction in the mean velocity of the center of pres-
sure after 6 months in the transdermal group compared to 
placebo. However, the difference was not significant in the 
oral treatment group. This phenomenon may be explained as 
there were more fallers in the transdermal group than that in 
the oral group at baseline, potentially meaning a more seri-
ous disease. It should also be noted that there was no signifi-
cant change in total Matisse Dementia Rating Scale scores 
and the attention subscores [133]. Although Rivastigmine 
may help improve certain markers of postural instability, the 
cognitive correlation between gait and posture needs to be 
further studied. More recently, a multicenter placebo-
controlled trial of 168 PD individuals to evaluate whether the 
treatment of minor visual hallucinations in PD patients with 
Rivastigmine could delay the progression of psychosis was 
terminated early due to slow enrollment. Limited data of the 
study failed to show benefit for cognition and non-motor 
symptoms in Rivastigmine treatment group [134]. A post 
hoc analysis of 1047 individuals with PDD showed that Ri-
vastigmine treatment had clinical benefits on cognition func-
tion. The study also found that the cognitive benefit of Ri-
vastigmine was greater in PDD patients with OH, which may 
be mediated by direct antihypertensive effects [135]. 

Previous clinical studies on Donepezil (5-10 mg) found 
improvement in cognition, executive function in PDD pa-
tients [136]. Recent studies evaluated the efficacy of Done- 
pezil in gait and balance of PD patients. A randomized clini-
cal study of 23 PD individuals with advanced postural insta-
bility found that Donepezil 5 mg/day for 6 weeks significant-
ly reduced the incidence of fall compared to placebo [137]. 
A recent clinical trial including 45 PD patients reported that 
Donepezil 10 mg/day for 6 weeks failed to improve static or 
dynamic balance in PD individuals [138]. A phase IV clini-
cal trial exploring the effects of Donepezil on brain networks 
for gait and postural in PD patients has passed its completion 
date, while the status has not been verified for more than 3 
years�(https://clinicaltrials.gov.identifier: NCT03011476). So 
far, there seem to be conflicting results regarding the role of 
cholinesterase inhibitors in preventing falls in PD patients 
and further research is still needed. 

Pyridostigmine, a peripheral inhibitor of acetylcholines-
terase, was thought to strengthen both limbs of the baroreflex 
without causing supine hypertension in a study of PD pa-
tients with orthostatic hypotension (OH) [139]. A phase II 
crossover study of 9 participants was conducted to compare 
the effectiveness of Pyridostigmine and Fludrocortisone on 

OH control in PD patients. Pyridostigmine was found to 
have no positive effect on the subjective severity of OH 
symptoms in PD individuals [140]. There has been no further 
study on Pyridostigmine for the treatment of OH in PD pa-
tients to date. 

7.2. Acetylcholine Receptor Agents 

ACh interacts with two different receptor types: musca-
rinic and nicotinic. Muscarinic receptors are distributed in 
the postsynaptic regions of cholinergic interneurons and 
GABA-containing neurons in striatum, while nicotinic recep-
tors are distributed in presynaptic sites, including nigrostria-
tal dopaminergic terminals in which the α6β2* subtype ap-
pears to modulate dopamine release in the striatum. These 
receptors are thought to be more selective targets for PD 
with less possibility of cholinergic side effects. 

7.3. Nicotinic Receptor Agonists 

A growing body of research suggests that nicotine and 
other agents acting on nicotinic acetylcholine receptors (nA-
ChRs) may be beneficial to motor symptoms of PD patients 
[104, 141]. A phase II study of 40 PD subjects reported that 
high dose of nicotine transdermal absorption was tolerable. 
However, the trial did not find significant improvements in 
UPDRS motor score among PD subjects who received high 
doses of nicotine for over 6 months. The improvement of 
UPDRS-II and UPDRS-IV score, along with a reduction in 
the dose of levodopa equivalents, showed possible benefits 
in patients receiving nicotine therapy, while it should be con-
firmed in larger clinical trials [142]. Common adverse reac-
tions were nausea and dizziness. A post-hoc analysis of 
phase I/II study involving 65 PD subjects treated with nico-
tine tablets (NC001or NP002) for LID found that nicotine 
tablets administered for 10 weeks significantly improved 
FOG and falls in PD individuals compared to placebo [143]. 
A pilot clinical trial of 6 patients to explore the pulsatile de-
livery of trans-nasal nicotine was already completed, while 
the result was still pending (https://clinicaltrials.gov. identi-
fier: NCT03865121). 

As a novel selective α7 nAChR partial agonist, AQW051 
has been proved to effectively reduce the expression of LID 
in PD animal models [144]. A phase II clinical study involv-
ing 67 patients reported that AQW051 administered 10 or 50 
mg once daily for 28 days failed to reduce LID and parkin-
sonian severity measured by mAIMS and UPDRS part III 
scores, while post hoc exploratory analysis found a possible 
cognitive benefit from AQW051. AQW051 at 10 or 50 mg 
once daily was safe and well tolerated, with common adverse 
effects including fatigue, nausea, dyskinesia, and falls [145]. 

7.4. Muscarinic Receptor Antagonists 

Glycopyrrolate is a competitive muscarinic receptor an-
tagonist and is currently available for the treatment of sialor-
rhea. A randomized clinical study of 23 PD individuals 
found that Glycopyrrolate 1 mg three times a day for 4 
weeks significantly reduced the mean sialorrhea score com-
pared to placebo [146]. A recent 12-week clinical trial of 28 
PD subjects showed that Glycopyrrolate was effective in 
controlling sialorrhea-related disability in PD patients, with 
the most common adverse effect being dry mouth [147]. 
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Tropicamide is a short acting muscarinic receptor antag-
onist with a similar pharmacodynamic characteristic to Atro-
pine but a better tolerance. A pilot clinical trial of 19 PD 
subjects reported that intra-oral slow dissolving thin films 
containing tropicamide (NH004) were safe and efficient for 
the treatment of sialorrhea [148]. However, there was no 
other further exploration on the anti-sialorrhea effects of 
NH004. 

7.5. Botulinum Toxin 

Botulinum toxin (BoNT) reduces cholinergic effects by 
decreasing the release of acetylcholine in the muscle end-
plate. Focal injection of BoNT is the most effective therapy 
for focal dystonia, blepharospasm as well as eyelid apraxia 
in PD patients (level A recommendation) [149]. 

Several studies have explored the efficacy of BoNT in-
jection in controlling PD tremor. A 38-week clinical study 
evaluated 28 PD individuals who received upper limbs injec-
tion of BoNT-A at weeks 0, 16 and 32. The study found a 
significant reduction in the severity of rest tremor (UPDRS 
item 20) in treated arms from 2.7 ± 0.6 at week 0 to 2.0 ± 0.8 
at week 16 and to 2.1 ± 0.7 at week 32. Action tremor (UP-
DRS item 21) also improved while the difference was not 
statistically significant. Reported adverse effects included 
mild muscle weakness without interfering with daily life 
[150]. A phase II clinical study of 30 PD patients was con-
ducted to explore the tolerability and effectiveness of BoNT-
A injection for PD tremor. The results showed that clinical 
rating scores of rest tremor and tremor severity were signifi-
cantly ameliorated at 4 and 8 weeks after injection of BoNT-
A, action tremor was also significantly improved at 8 weeks, 
the incidence of significant hand weakness was low [151]. 

A randomized clinical study of 12 advanced PD patients 
to assess the efficacy of BoNT-A injection for limb pain in 
advanced PD has been completed. The results found that 
BoNT-A injection significantly reduced the numeric rating 
scale (NRS) score in PD patients at week 4 while the differ-
ence was not statistically significant compared with placebo. 
PD patients with dystonia pain showed a greater decrease in 
NRS score after 4 weeks of treatment of BoNT-A injection. 
Further studies may focus on evaluating the efficacy of 
BoNT-A, especially for dystonia pain [152]. 

BoNT injection was thought to be an effective therapy 
for overactive bladder in PD patients[149]. A phase IV clini-
cal study of 10 PD patients with neurogenic lower urinary 
tract dysfunction found that 200 IU BoNT-A injection was a 
safe and efficient therapy for PD patients with neurogenic 
lower urinary tract dysfunction. Urodynamic, bladder diary 
parameters and international consultation on incontinence 
questionnaire in PD subjects were improved after 200 IU 
BoNT-A injections [153]. A recent clinical study of 24 PD 
individuals reported that intradetrusor injection of BoNT-A 
100 U is an efficient and safe therapy for PD patients with 
overactive bladder symptoms [154]. Further research was 
still needed to confirm the importance of these findings. 

Recently, BoNT injection has been shown to be an effec-
tive and safe therapy for sialorrhea in PD patients [149, 155, 
156]. An 8-year follow-up study of 65 patients (33 PD pa-
tients and 32 amyotrophic lateral scleroses) with severe si-
alorrhea and received at least two ultrasound-guided intrasal-

ivary glands abobotulinumtoxinA 250 U or rimabotuli-
numtoxinB 2500 U injections found that both serotypes pro-
duced a significant beneficial effect in 89% of treatments 
compare to baseline, with a mean benefit period of 87 days 
and PD subjects showed a longer duration of benefit [157]. A 
phase III study of 184 patients (130 PD patients) found a 
significant reduction in mean unstimulated salivary flow rate 
at week 4 after incobotulinumtoxin A 100 U injection com-
pared to placebo. Incobotulinumtoxin A 100 U is efficacious 
and safe therapy for adult chronic sialorrhea [158]. Data 
from a clinical study of 173 patients (123 PD patients) sup-
ported the long-term efficacy and safety of repeated incobot-
ulinumtoxinA treatment for sialorrhea over 64 weeks, with 
common adverse events being dysphagia and dry mouth 
[159]. Recently, another clinical study containing 122 PD 
patients found that injection of rimabotulinumtoxinB (2500 
U and 3500 U) in adults was well tolerated and significantly 
improved unstimulated salivary flow rate at week 4 com-
pared to placebo. The therapeutic effect appeared as early as 
1 week after injection and remained for about 13 weeks over 
the treatment cycle [160].  

8. ADRENERGIC RECEPTOR AGENTS 

Noradrenergic neurotransmission in the locus coeruleus 
plays a part in the pathophysiology of FOG and akinetic-
rigid phenotype in PD by influencing the release of dopa-
mine and glutamate (Figs. 1 and 2) [161]. Supplementation 
of norepinephrine with selective adrenergic receptor ago-
nists, presynaptic α2 adrenergic receptor antagonists or with 
noradrenergic reuptake inhibitors such as methylphenidate 
may improve FOG and motor symptoms in PD patients 
[162]. 

8.1. Adrenergic Receptor Agonists 

Droxidopa is a precursor of noradrenaline that has been 
used for the treatment of neurogenic OH. A small explorato-
ry study of 51 PD subjects designed to investigate the effica-
cy of Droxidopa for controlling neurogenic OH in PD pa-
tients found that the orthostatic hypotension questionnaire 
composite score showed no beneficial change compared to 
placebo at week 8. However, the study found improvement 
of dizziness, reduction in falls and lightheadedness, deserv-
ing further study in larger clinical trials [163]. Another study 
of 171 PD individuals found an improvement in the primary 
neurogenic OH symptoms of dizziness/lightheadedness from 
baseline to week 1 as measured by Orthostatic Hypotension 
Symptom Assessment (OHSA) item 1 [164]. Therefore, the 
study provided evidence for the short-term efficacy of Drox-
idopa for neurogenic OH in PD patients. Studies also report-
ed that droxidopa reduced falls in PD patients with neuro-
genic OH, and authors attributed the reduction in falls in 
Droxidopa treatment group to the improvement of OH, 
which should be confirmed in larger clinical trials [165, 
166]. Droxidopa was well-tolerated without significant ad-
verse reactions. A randomized clinical study of 219 PD indi-
viduals reported improvements in motor function and activi-
ties of daily living in patients with moderate to severe PD 
who received 600 mg/day of Droxidopa as an adjunct to 
levodopa and/or DA for 8 weeks [167]. A double-blind clini-
cal study involving 21 subjects was designed to evaluate the 
effectiveness of Droxidopa on gait speed, kyphosis, and 
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functional reach of PD patients. Medication was titrated from 
300 mg/day to 1800 mg/day until it was intolerable. The 
preliminary results showed that there was no significant im-
provement in gait and posture. 

8.2. α2-adrenergic Receptor Antagonist 

α2-noradrenergic receptors are strongly expressed in 
GABA neurons of striatum and promote involuntary move-
ment. Several compounds targeting α2-noradrenergic recep-
tors were studied for the suppression of LID [168]. Fipama-
zole is a novel non- selective α2-adrenergic receptor antago-
nist. An investigation of 10 subjects who took Fipamazole at 
doses up to 90 mg showed good tolerance and inhibition of 
LID without aggravating parkinsonism. A 28-day multicenter 
trial involving 179 subjects with advanced PD was designed to 
assess the efficacy of Fipamazole against LID [11]. The initial 
doses of Fipamazole were increased from 30 mg/day to 90 
mg/day, 180 mg/day, and 270 mg/day. The results found that 
90 mg/day group could significantly reduce LID. The adverse 
reaction was a slight increase in blood pressure, while the pa-
tients showed good tolerance [166]. 

8.3. Noradrenergic Reuptake Inhibitor 

Methylphenidate blocks the reuptake of dopamine and 
norepinephrine by inhibiting presynaptic dopamine and 
norepinephrine transporters and has been investigated for 
gait therapy in PD with inconsistent results. A randomized 
clinical trial involving 17 PD patients reported that 
Methylphenidate at 80 mg/day for 12 weeks failed to im-
prove gait while tended to exacerbate motor function, sleepi-
ness, and quality of life [169]. A multicenter clinical trial of 
65 PD patients with severe gait disorders or FOG found that 
Methylphenidate improved FOG and gaits in advanced PD 
patients who received STN-DBS [170]. Another clinical 
study investigated 24 PD patients who were randomly as-
signed to Methylphenidate (1 mg/kg/D) or placebo in a 1:1 
ratio for 3 months. The primary outcome was that Methyl- 
phenidate failed to improve gait hypokinesia in patients who 
received dopaminergic treatment, and FOG severity was not 
improved in Methylphenidate treatment group compared to 
placebo [171]. 

9. GABA RECEPTOR AGONISTS 

GABA is the main inhibitory neurotransmitter in the cen-
tral nervous system and is assumed to be the pathophysiolog-
ical basis of PD (Figs. 1 and 2) [63]. Owing to the extensive 
distribution of the GABA receptors in the non-basal ganglia 
areas, targeting GABA receptors is still not an effective 
method to alleviate PD symptoms. However, recent studies 
suggest that selective regulation of GABA receptors may 
improve motor symptoms in PD patients [172]. 

Zolpidem is an imidazopyridine agent which acts on 
GABA receptor and is commonly used for the treatment of 
insomnia [173]. Preclinical study showed that Zolpidem 
ameliorates motor impairments in PD animal models, and 
Zolpidem sensitive GABAA receptor may be a new target for 
the treatment of motor symptoms of PD. Zolpidem has been 
reported to have unexpected effects on motor dysfunction 
and neuropsychiatric symptoms in PD patients [174-176]. A 
phase II study aiming to investigate the effectiveness of 

Zolpidem on motor function of PD has been completed while 
the results are still pending. (https://clinicaltrials.gov. identi-
fier: NCT03621046).  

Zulanolone is an oral neuroactive steroid GABAA recep-
tor positive allosteric modulator and has been studied for its 
tolerability and effectiveness in PD patients. An open label 
exploratory study involving 14 subjects showed that Zulano-
lone as an adjuvant to dopaminergic therapy for 7 days could 
improve tremor in PD patients compared to baseline values 
measured by the UPDRS Part II/III total tremor score. In 
addition, Zulanolone treatment improved overall motor 
symptoms of PD patients and motor and non-motor experi-
ences in daily life. Common adverse reactions were sedation, 
drowsiness as well as dizziness [177]. Due to the limited 
number of PD patients and short duration, Zulanolone for the 
treatment of tremor in PD patients deserves further study. A 
phase II study evaluating the efficacy and tolerability of Zu-
lanolone on motor symptoms of PD has been completed 
while the results are still pending (https://clinicaltrials.gov. 
identifier: NCT03000569).  

10. CANNABINOID RECEPTOR AGONISTS 

Cannabinoid acts primarily through cannabinoid type 1 
(CB1) receptors in the central nervous system. CB1 receptors 
are widely distributed in the basal ganglia area in which en-
dogenous cannabinoids exert complex effects on motor ac-
tivity through interactions with dopamine, glutamate, GABA 
and other neurotransmitters (Fig. 1) [178]. Several studies 
have assessed the therapeutic potential of Cannabinoid for 
PD patients. 

So far, two old studies on Cannabinoid therapy for dys-
kinesia have shown conflicting results [179, 180]. Oral Can-
nabinoid was not considered to be helpful in LID treatment 
due to the inconsistent results of the two studies [181]. An 
ongoing phase II randomized clinical trial of 60 PD patients 
will evaluate tolerance and efficacy of Cannabinoid on motor 
symptoms in PD patients, with efficacy of Cannabinoid on 
dyskinesia to be a possible secondary outcome indicator 
(https://clinicaltrials.gov.identifier: NCT03582137). A recent 
randomized clinical study involving 24 PD individuals found 
that acute administration of Cannabidiol 300 mg reduced 
anxiety in PD patients induced by a simulated public speak-
ing test and reduced the amplitude of tremor in anxiogenic 
situations [182]. The results should be confirmed in a larger 
clinical study. A phase II clinical study of 13 PD patients 
received a purified form of Cannabinoid, GWP42003-P oral 
solution for 20 mg/kg/day. The preliminary results showed 
that a total of 10 patients completed the clinical study. After 
5 weeks of medication, the total UPDRS score reduced by an 
average of 7.7 points and the UPDRS III tremor score de-
creased by 0.4 points on average. Common adverse reactions 
include fatigue, weight gain, diarrhea, abdominal pain, 
drowsiness, and dizziness (https://clinicaltrials.gov. identifi-
er: NCT02818777). In summary, the application of Canna-
binoid in PD still needs further exploration. 

11. HISTAMINE RECEPTOR ANTAGONISTS 

Histaminergic innervation of basal ganglia plays an im-
portant part in regulating the release of glutamate, GABA, 
dopamine, and acetylcholine through abundant inhibitory 
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presynaptic H3 receptors and excitatory postsynaptic H2 
receptors in the striatum (Fig. 1). Animal studies suggested 
that histamine H2 and H3 receptors may be potential targets 
for LID treatment [183, 184]. 

Famotidine is a selective histamine H2 receptor antago-
nist, which is applicable to various gastrointestinal condi-
tions. Preclinical study also found that famotidine enhanced 
the anti-parkinsonian effects of levodopa and reduced peak-
dose LID without producing disabling dyskinesia. However, 
a proof-of-concept study including 7 PD individuals failed to 
find that Famotidine reduced LID. There was no significant 
improvement in UDysRS part III, UDysRS part I and 
UDysRS part II scores compared with placebo. Famotidine 
was well tolerated without significant adverse effects [185]. 
To date, there has been no further study on famotidine in the 
treatment of LID. 

12. OPIOIDS 

Opioids are well known to play an indispensable part in 
the pathophysiology of pain. Recent studies have assessed 
the effectiveness of opioid preparations on PD-related pain. 
A phase II clinical study of 202 PD patients with chronic or 
severe pain aimed to access the analgesic effects of oxyco-
done–naloxone prolonged-release (OXN PR), a combination 
of oxycodone (opioid analgesic) and naloxone (opioid recep-
tor antagonist). The results showed that OXN PR failed to 
improve mean 24-h pain scores at 16 weeks. However, the 
per-protocol analysis found that appropriate adherence led to 
significant improvement of mean 24-h pain scores at 16 
weeks in OXN PR treatment group compared to placebo 
[186]. Common adverse events of OXN PR are constipation 
and nausea. A small clinical study of 16 PD subjects showed 
significant pain relief at a low dose of OXN-PR, as measured 
by numerical rating scale and brief pain inventory (BPI) 
score [187]. The efficacy of OXN PR on PD related pain 
needs to be further investigated in large clinical trials. 

Opioid-binding agents may also be beneficial to the man-
agement of impulse control disorders (ICDs). A recent study 
of 50 PD patients with ICDs aimed to investigate the clinical 
efficacy of Naltrexone, a nonselective, competitive opioid 
receptor antagonist in the treatment of ICDs. The study re-
vealed that naltrexone for 50-100 mg/day failed to alleviate 
the severity of ICDs in PD patients using a clinical global 
impression scale. However, results from a PD-specific ICD 
rating scale supported further research on naltrexone for 
ICDs treatment in PD patients [188]. 

CONCLUSION 

A series of nondopaminergic agents and candidate com-
pounds have been developed or under development mainly 
targets motor fluctuations and dyskinesia in PD individuals. 
Adenosine A2A receptor antagonist Istradefylline, mixed 
MAO-B inhibitor and glutamate release inhibitors, Zonisam-
ide and Safinamide were licensed for the management of 
motor fluctuations in PD patients. Long-acting glutamate 
receptor antagonist ADS-5102 improved LID in PD patients 
while adverse effects should be monitored. Although meta- 
botropic glutamate receptor targets seem to have strong sci-
entific validity for PD, different trials showed that both 
mGluR5 antagonists and mGluR4 positive allosteric modula-

tors have minimal or no effect on LID. The clinical study of 
other glutamatergic agents, such as Topiramate, Dextrome-
thorphan, Memantine and Naloxone have not shown signifi-
cant clinical efficacy, and there was no further development 
or research planned. Preliminary studies found that 5HT1A 
agonists Buspirone and Eltoprazine showed clinical benefits 
to dyskinesia and further studies are underway. Studies have 
consistently linked smoking and coffee drinking to a lower 
risk of PD, while recent studies on Caffeine and Nicotine 
failed to show overall benefits for motor symptoms of PD 
patients. GABAA receptor positive allosteric modulator Zu-
lanolone showed clinical efficacy to tremor and overall mo-
tor symptoms of PD, meriting further study. Off-label use of 
Rivastigmine revealed clinical efficacy to gait and balance in 
PD patients. However, the effects of Donepezil and 
Methylphenidate on gait and balance are inconsistent. 

 Concomitantly, studies also evaluated nondopaminergic 
agents as treatment options for non-motor symptoms in PD 
patients. Istradefylline as an adenosine A2A receptor antag-
onist improved daytime sleepiness, apathy, depression, and 
lower urinary tract symptoms in PD patients. Pimavanserin 
acting on 5-HT2A receptor was approved globally for the 
management of hallucinations and delusions related to PD 
psychosis. According to recent studies, Droxidopa mainly 
targets adrenergic receptor should be a potential option for 
the management of OH in PD patients, although the benefits 
were short-term. Highly selective MAO-B inhibitor Safina-
mide showed prominent clinical beneficial effects on chronic 
pain, executive function, depression, sleep, and mood disor-
ders of PD individuals. As a clinically available MAO-B 
inhibitor, Zonisamide also showed clinical efficacy for de-
pressive symptoms and sleep disorders in PD patients with 
tremor. Clinical use of muscarinic receptor antagonists, such 
as Glycopyrrolate and Tropicamide improved sialorrhea in 
PD patients without causing central adverse effects. Focally 
injection of BoNT remains an effective therapeutic option 
for focal dystonia, blepharospasm, bladder overactivity, si-
alorrhea and eyelid apraxia in PD patients. Opioid-binding 
agents may be beneficial to the pain control and impulse 
control disorders in PD patients while requiring further ex-
ploration.  

In conclusion, nondopaminergic preparations continue to 
be extensively researched and remain a useful treatment op-
tion for motor and nonmotor symptoms of PD patients. To 
date, no single nondopaminergic drug can replace levodopa, 
considering efficacy and tolerance. The best use of nondo-
paminergic medication appears to be a promising strategy to 
reduce the required levodopa doses thus motor complications 
of dopamine replacement therapy, as well as symptoms that 
nondopaminergic systems may mediate. 

LIST OF ABBREVIATIONS 

5-HT = 5-Hydroxytryptamine 
ACh = Acetylcholine 
AD = Alzheimer Disease  
AMPA =  α�amino�3�hydroxy�5�methyl�4�isoxazole 

propionic 
BoNT = Botulinum Toxin 
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BPI = Brief Pain Inventory 
COMT = Catechol-O-methyltransferase  
DA = Dopamine Receptor Agonists 
DLB = Dementia with Lewy Bodies  
FOG = Freezing of Gait 
GABA  = �-aminobutyric Acid  
ICDs = Impulse Control Disorders  
iGluRs = Inotropic Glutamate Receptors 
IR = Immediate Release  
LID = Levodopa Induced Dyskinesia  
mAIMS = Modified Abnormal Involuntary Movements 

Scale 
MAO-B = Monoamine Oxidase-B 
mGluRs = Metabotropic Glutamate Receptors 
MoCA = Montreal Cognitive Assessment  
nAChRs = Nicotinic Acetylcholine Receptors  
NMDA = N-methyl-D-Aspartate 
NRS = Numeric Rating Scale 
OH = Orthostatic Hypotension 
PD = Parkinson's Disease 
PDD = Parkinson's Disease Dementia 
PPN = Pedunculopontine Tegmental Nucleus  
STN-DBS = Subthalamic Nucleus Deep Brain Stimula-

tion 
UDysRS = Unified Dyskinesia Rating Scale 
UPDRS = Unified Parkinson’s Disease Rating Scale  
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