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Zhong et al.: Pathophysiological Mechanism of Dyskinesia in Parkinson’s Disease

This study involves the research progress in pathophysiological mechanism of dyskinesia in Parkinson’s 
disease. Levodopa-induced dyskinesia is a complication characterized by involuntary movements in 
Parkinson’s patients after long-term treatment with levodopa. Dyskinesia is a kind of abnormal movement 
involving the face, neck, arm, leg and axial muscles. It often occurs on the serious side of the disease. It 
may be manifested as variety of phenomenologies, such as choreiform, dystonia, ballism, myoclonus and 
other forms of abnormal movements can manifest as well. At present, the research on the mechanisms 
of levodopa-induced dyskinesia is not yet fully understood. Nigrostriatal degeneration and levodopa 
administration are considered to be the basis of levodopa-induced dyskinesia. There appears to be variety 
mechanisms involved, such as abnormal dopaminergic transmission in presynaptic and postsynaptic 
membrane as well as non-dopaminergic systems. Nigrostriatal degeneration is considered to be the basis 
and premise of levodopa-induced dyskinesia. With the deepening of the research, non-dopaminergic 
systems such as glutamate, serotonin, adenosine, cholinergic and epinephrine have been proved to be 
involved in the occurrence of dyskinesia in animal models and clinical studies. This article is a more 
detailed review of the possible pathophysiological mechanisms of levodopa-induced dyskinesia, especially 
non-dopaminergic systems.
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Levodopa (L-DOPA) has been the "gold standard" for 
the treatment of Parkinson's disease (PD) since it came 
out in the 1960s. However, the enthusiasm for the 
curative effect of L-DOPA has been gradually eroded 
by the complications caused by long-term 
administration. Levodopa induced dyskinesia (LID) is 
a headache type of motor complications, LID is usually 
divided into "peak dose dyskinesia", "Biphasic 
dyskinesia" and "off period dystonia"[1]. For clinicians, 
how to effectively manage dyskinesia is a difficult 
problem. Only a better understanding of the 
pathophysiological mechanisms of dyskinesia can lay 
the foundation for further precise medical treatment. 
This article reviews the literature about the 
pathophysiological mechanisms of LID, looks forward 
to provide reference for daily clinical work. Clinical 
manifestations of dyskinesia are as follows. Dyskinesia 
is a kind of abnormal movement involving the face, 
neck, arm, leg and axial muscles. It often occurs on the 

serious side of the disease. It may be manifested as 
variety of phenomenologies, such as choreiform, 
dystonia, ballism, myoclonus and other forms of 
abnormal movements can manifest as well. The clinical 
manifestation of dyskinesia is closely related to the 
plasma levels of L-DOPA. LID can be classified into 
three kinds of clinical common types, peak dose 
dyskinesia: it is the most common type and may occur 
as typical "head bobbing" and "trunk swaying" 
movements when the head and neck are involved. 
Occasionally, accumulating respiratory muscles may 
cause shortness of breath and irregularity[2]. Biphasic 
dyskinesia: It manifests as a stereotyped repetitive 
seizure of the unilateral leg with the rise and fall of 
levels of L-DOPA. Off-period dystonia: it frequently 
occurs in the early morning or when the effective 
concentration of the Dopamine (DA) is lowest, with 
painful foot flexion and inversion. Pathophysiology of 
dyskinesia is described below. At present, the research 
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on the mechanisms of LID is not yet fully understood. 
Nigrostriatal degeneration and L-DOPA administration 
are considered to be the basis of LID. There appears to 
be variety mechanisms involved, such as abnormal 
dopaminergic transmission in presynaptic and 
postsynaptic membrane as well as non-dopaminergic 
systems. Nigrostriatal degeneration is considered to be 
the basis and premise of LID. Current studies have 
shown that healthy control groups and patients with 
restless legs do not have dyskinesia’s after long-term 
treatment with L-DOPA[3]. The degree of degeneration 
of the substantia nigra striatum is correlated with the 
severity of involuntary movement, which are more 
likely to occur on the affected side[4]. The nigrostriatal 
system has a good compensatory ability in the early 
development of disease. On the one hand, it can increase 
DA conversion and reduce DA reuptake to compensate 
for the decrease of DA. On the other hand, DA is stored 
in presynaptic vesicles to maintain the presynaptic DA 
concentration and the relatively constant stimulation of 
postsynaptic receptors[5]. As the disease progresses, the 
storage and conversion capacity of DA in striatum is 
weakened. The post-synaptic DA receptors are subject 
to fluctuating stimulation and cause changes in the 
postsynaptic membrane signaling pathway, leading to 
the occurrence of LID. Nevertheless, dopaminergic 
denervation is not sole explanation for the development 
of LID. L-DOPA administration is another main factor 
in developing dyskinesia. There is the exact relationship 
between the L-DOPA administration and the clinical 
phenotype of dyskinesia[6]. Peak does dystonia mostly 
occurs when the plasma concentration is the highest, 
biphasic dystonia occurs when L-DOPA just increases 
and decreases, whereas the off-phase dystonia often 
occurs when the level is low. In addition, the 
pharmacokinetics of L-DOPA plays an important role 
in it. L-DOPA has a short half-life (1.5 h) and rapidly 
metabolized in plasma, which makes its blood 
concentration fluctuate greatly. This method destroys 
the initially impaired presynaptic buffering capacity, 
exposing the DA receptors to pulsatile, non-physiologic 
stimulation, which eventually causes the development 
of LID. Presynaptic mechanism is as follow. As 
mentioned above, the L-DOPA is converted into DA in 
the remaining DA neurons and released through vesicles 
in the early stage of the disease. Since the remaining 
neurons can compensate for part of the function, the 
general striatum (sensory nerve conduction (SNC)) 
loses at least 50 % of the dopaminergic neurons before 
the PD motor symptoms appear[7]. With the progression 

of the disease, other cells like endothelial cells, glial 
cells and 5-HT neurons will compensate decarboxylate 
L-DOPA into DA, due to lack of a normal physiological 
regulation mechanism, which will lead to uncontrolled 
DA release and aggravate DA receptor pulses[8]. 
Postsynaptic mechanism is as follow. It is currently 
believed that the nigrostriatal degeneration and L-DOPA 
administration change the function and anatomical 
structure of the striatum, which cause hypersensitivity 
to medium spiny neurons (MSN) in the striatum[9]. 
Increasing evidence suggests that spines dynamically 
change their density and morphology and that these 
changes are closely related to synaptic plasticity. It is 
reported that spine head size increase in the induction 
of long-term potentiation (LTP) and decrease with 
long-term depression (LTD)[10]. Therefore, it is 
speculated that the change in the head of the spine 
process may be the structural basis for the occurrence 
of LID. In addition, the hypersensitivity of dopamine 
D1 receptor has gradually received more and more 
attention in the development of LID. The sensitization 
of D1 receptor change the coupling efficiency of 
corresponding G proteins, activation of downstream 
intracellular signaling molecules, which lead the 
abnormal gene expression and protein synthesis[11]. 
Moreover, studies have found that the activation of the 
dopamine D3 receptor can reduce the accumulation of 
α-synuclein and regulate the intracellular signal 
transduction mediated by the D1 receptor to participate 
in the occurrence of dyskinesia’s[12]. More and more 
evidences have proved that complex neurotransmitter 
networks play an important role in LID. Non-
dopaminergic neurotransmitters are recognized as 
being involved in modulation of the basal ganglia and 
other neural circuits important for movement, which 
include glutamatergic, 5-HT, adenosine, acetylcholine, 
adrenaline and cannabis histamines, etc. these additional 
neurotransmitters have emerged as promising targets 
for novel treatments. Abnormal activity of glutamate 
pathway appears to be a main factor in PD patients with 
LID[13]. Glutamate is the main excitatory neurotransmitter 
of the central nervous system, among which the 
ionotropic receptor N-methyl-D-aspartate (NMDA) 
receptor, alpha-amino-3-hydroxy-5-methyl-4-isoxazole 
propionic acid (AMPA) receptor and metabotropic 
receptor (metabotropic glutamate receptor (mGluR)) 
are closely related to dyskinesia. Further studies have 
found that the abnormal phosphorylation of striatum 
NMDA receptor subunits, mainly involves ionotropic 
glutamate receptors (GluN2A) and (GluN2B) subunits, 
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which enhance glutamatergic excitatory transmission 
and involve in the development of LID[14]. Amantadine 
is a classic low-affinity, non-competitive NMDA 
antagonist. ADS-5102, amantadine sustained-release 
capsule, has shown obvious anti-dyskinesia effects and 
better tolerance in clinical trials[15]. In addition, it was 
found that IEM 1460, the AMPA receptor antagonist, 
alleviated the symptoms of dyskinesia in animal 
models, suggesting that selective splicing of AMPA 
receptor subunits leads to the change of striatal plasticity 
and promotes the occurrence of LID[16]. Moreover, 
activation of metabotropic glutamate receptor 5 
(mGlu5) receptors can enhance NMDA receptor signal 
transduction and interact with D1/D5 DA receptors to 
jointly activate downstream signaling pathways[17]. 
AFQ056, a negative allosteric regulator of mGlu5 
receptor, significantly reduced the abnormal involuntary 
movement scale (AIMS) compared with the placebo 
group and did not worsen the motor symptoms in a 13 
w double-blind controlled trial[18]. As mentioned above, 
serotonergic neurons can produce and release DA when 
degeneration of nigrostriatal neurons occurs. However, 
DA is released in a non-physiological and uncontrolled 
manner, causing irregular stimulation of striatal DA 
receptors[7].This kind of "false transmitter" has been 
widely studied for the drug intervention of 5-HT. 
F13714 and F15599, two highly selective "bias 
agonists" of 5-HT1A receptor, can reduce the 5-HT 
level in the striatum on both sides of the rat brain 
without worsening the Parkinson’s symptoms. It is 
speculated that 5-HT1A receptor can weaken the peak 
of DA level and mediate the anti-dyskinesia effect, 
which provides a new idea for the treatment of peak 
dose dyskinesia[19]. It has been further discovered that 
adenosine receptors are mainly involved in the 
regulation of dyskinesia. Studies have shown that A2A 
receptors are highly expressed on (gamma-aminobutyric 
acid (GABA)) GABAergic neurons and interact with 
dopamine D2, mGluR5 and NMDA receptors to inhibit 
D2 receptor-mediated signaling pathways to regulate 
motor behavior[20]. Istradefylline, A2A receptor 
antagonist, can reduce the "off time" of patients with 
dyskinesia’s, however its efficacy against dyskinesia is 
still controversial. It is worth noting that it can be 
effective in combination with low-dose L-DOPA to 
improve PD motor symptoms[21]. A cholinergic system 
is a significant factor in mediating striatal function. 
They modulate striatal output via muscarinic 
acetylcholine receptors (mAChRs) and nicotinic 
acetylcholine receptors (nAChRs). MAChRs directly 
regulate the activity of spinous neurons through M1 

and M4 receptors and participate in the expression of 
dyskinesia. Activation of M1 receptors depresses K+ 
currents and enhances Na+ currents, which increases 
MSN excitability. By contrast, M4 receptor decreases 
the excitability of spinous neurons and promotes the 
formation of LTD. Enhanced cholinergic system is 
considered to be a main factor in the development of 
LID[22]. A number of studies have found that the 
activation of nAChRs is the main contributor to striatal 
DA release. In addition, increasing evidence has 
confirmed that β2* nAChRs and α7nAChRs play a 
major role in functional activity. On the one hand, β2* 
nAChRs are highly expressed in dopaminergic 
terminals, on the other hand, α7nAChRs is preferentially 
expressed on glutamatergic afferents. Therefore, 
nAChRs not only regulate the release of DA from 
striatum, but also indirectly regulate the activity of 
MSN to induce the formation of dyskinesia[23]. Nicotine 
is a kind of nonselective nAChR agonist, which shows 
obvious anti-dyskinesia effect in rodents and primates 
with dyskinesia. It is speculated that nicotine reduces 
LID via β2* and α7 nAChRs[24]. However, the direct 
mechanism between cholinergic receptors and LID is 
still unclear, which needs further experimental study. 
Anatomically, the adrenergic system originates from 
locus coeruleus. It directly stimulates the substantia 
nigra striatum and affects the release of DA in the basal 
ganglia. In particular, α2 receptors are highly expressed 
in GABA neurons, regulating GABA release and 
activating direct pathways[25]. Fipamezole, a clinical 
potential of selective α2-adrenergic receptor antagonist, 
can reduce LID of primates with 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP) lesions without 
affecting its anti-Parkinson's disease effect. Fipamezole 
(90 mg) significantly reduced dyskinesia in US subjects 
in a subgroup specific analysis in a multicenter, double-
blind, randomized clinical study in the United States 
and India. In addition, fipamezole can cause transient 
elevated blood pressure and its adverse reactions are 
acceptable[26]. In addition to the above mechanisms, 
non-dopamine systems such as cannabinoid receptors, 
histamines and opioids are also involved in the 
formation of LID. Cannabinoid can directly (through 
cannabinoid receptor on nigrostriatal neurons) and 
indirectly (by regulating GABA and glutamate release) 
regulate DA transmission in basal ganglia[27]. Preclinical 
experiments have shown that the cannabinoid type 1 
receptor (CB1) may be a potential approach for treatment 
of LID. It is speculated that the activation of the CB1 
reduces the release of glutamate and inhibits the direct 
pathway to produce anti-dyskinesia effects[28]. 
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Histamine receptor H2 is highly expressed in striatum 
pallidum and substantia nigra, which can up-regulate 
the excitability of cholinergic system and participate in 
the regulation of LID[29]. Ramotidine, a clinically 
available histamine receptor H2 antagonist, has shown 
anti-dyskinesia properties in rodent models, however 
its efficacy has not been proven in clinical trials[30]. The 
opioid peptides and opioid receptors have been linked 
to the development of LID. Mu-opioid receptor 
antagonist (ADL5510), can reduce LID in primates at 
low and moderate doses but failure in higher dose due 
to loss of selectivity[31]. On the other hand, the activation 
of μ and δ receptors can change normal activation 
extracellular signal regulated kinase (ERK1/2) and 
participate in the development of dyskinesia[32]. The 
pathophysiological mechanism of LID is complex and 
still remains unclear. Nigrostriatal degeneration and 
chronic L-DOPA administration plays the basis role of 
dyskinesia’s. Recently, it has been recognized that non-
dopaminergic systems play an important role of LID. 
Positive results of non-dopaminergic drugs have been 
founded by large number of pre-clinical studies. 
However, these results have not yet been translated into 
clinical trials. On one hand, the reason of failure may be 
the poor tolerance and side effects shown in the drug 
clinical trials, on the other hand, it may be caused by 
the difference between the animal model and the clinical 
reality. With the continuous in-depth study of the 
pathophysiological mechanism of LID, more precise 
and individualized treatments can be provided for LID 
in the future. 
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