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Abstract

levodopa-induced dyskinesia.

healthcare.
Keywords

Levodopa-induced dyskinesia is one of the most difficult problems facing patients with Parkinson’s disease. With more treatment options
available for Parkinson’s disease, physicians need to understand the pathogenetic mechanisms underlying levodopa-induced dyskinesia. Better
understanding of the pharmacological actions of dopaminergic drugs in the basal ganglia will lead to better management of patients with

The therapeutic and preventative strategies for LID include using a lower dosage of levodopa, employing dopamine agonists as initial therapy
in Parkinson's disease, amantadine, atypical neuroleptics, and neurosurgery. LID can adversely affect the quality of life and increase the cost of

Striatum, Basal ganglia, Parkinson’sdisease, Dopamine, Levodopa, Dyskinesia, Electrophysiology, Optogenetics.

Introduction

Levodopa is the most effective drug for treating Parkinson's disease
(PD), but its long-term use is complicated by motor fluctuations and
dyskinesia.Dyskinesia may be mild at the beginning but may progress
to become a disabling symptom and may interfere with quality of life.
Different types of movement disorders are seen in levodopa-induced
dyskinesia (LID) including chorea, ballism, dystonia, myoclonus, or
combination of any of these movements. These dyskinesias are seen in
the neck, facial muscles, jaw, tongue, hip, shoulder, trunk, and limb or
may appear as involuntary flexion of toes.

The average firing rate of medium spiny neurons increased as axial
dyskinesias developed, and both medium spiny neurons and fast
spiking interneurons were modulated around axial dyskinesias. We
also found that delta field potential power increased in the striatum
with dyskinesia, and that this increased delta power coupled with
striatal neurons.

Secondly, we studied the role of the two main types of dopamine
receptors. We pharmacologically inhibited either the D1 or D2
receptors while recording from neuronal ensembles in the striatum and
measuring LIDs in high temporal resolution. We found that inhibiting
the D1, but not the D2, receptor led to a decrease in axial dyskinesias.

Action selection relies on the coordinated activity of striatal direct and
indirect pathway medium spiny neurons (dMSNs and iMSNs,
respectively). Loss of dopamine in Parkinson’s disease is thought to
disrupt this balance. While dopamine replacement with levodopa may
restore normal function, the development of involuntary movements
(levodopa-induced dyskinesia [LID]) limits therapy. How chronic
dopamine loss and replacement with levodopa modulate the firing of
identified MSNs in behaving animals is unknown. Using
optogenetically labeled striatal single-unit recordings, we assess
circuit dysfunction in Parkinsonism and LID. Counter to current
models, we found that following dopamine depletion, iIMSN firing
was elevated only during periods of immobility, while dMSN firing
was dramatically and persistently reduced.
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Most notably, we identified a subpopulation of dMSNs with abnormally
high levodopa-evoked firing rates, which correlated specifically with
dyskinesia. These findings provide key insights into the circuit
mechanisms underlying Parkinsonism and LID, with implications for
developing targeted therapies.

Pathophysiology Of Lid

Despite significant advances, the pathogenesis of LID remains
incompletely understood. It is known that dyskinesias appear only after
dopaminergic therapy and there is a time lag between the start of treatment
and the emergence of LID.

Several possible mechanisms, both peripheral and central, have been
proposed. They include reduced buffering capacity of the remaining intact
neurons, dietary proteins, role of D3 receptors, and the role of glutamate
receptors. While dietary proteins and gastric absorption have some
relevance in producing fluctuations and “wearing off” associated with
chronic levodopa therapy, central mechanisms are of greater importance
for the genesis of LID.

It is suggested that pulsatile (as opposed to a continuous, physiological)
stimulation of the postsynaptic receptors due to intermittent administration
of levodopa leads to downstream changes in proteins and genes, causing
alterations in striatal output in a way that promotes dyskinesias.
Disinhibition of the primary and associated motor cortex secondary to
increased outflow (pallidothalamocortical motor pathway) may account
for LID.

Results

The standard model also predicts that dopamine loss, as occurs in PD,
causes opposing changes in the activity of MSNSs: persistently reduced
dMSN and increased iMSN firing rates. Indirect support for this model
derives from recordings in downstream basal ganglia nuclei in patients and
parkinsonian primates.

However, direct evidence for bidirectional regulation of striatal MSN
firing by dopamine in awake, behaving parkinsonian animals is lacking.
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As a corollary of this model, dopamine replacement with levodopa is
postulated to improve motor symptoms by rebalancing striatal dMSN
and iMSN activity. In addition, the prevailing hypothesis is that long-
term levodopa treatment causes excessive direct pathway activity.

Dopamine Receptor-Specific Agonists Mimic the
Effects of Levodopa

While these results point toward bidirectional dysregulation of dMSNs
and iMSNs as an underlying feature of LID, levodopa-evoked
dopamine release may directly or indirectly influence dMSN and
iMSN firing through the activation of Di-like (D1R) and Dz-like
(D2R) dopamine receptors located on several microcircuit elements
(Gerfen and Surmeier, 2011). We sought to assess how selective
activation of D1R or D2R compared to combined activation with
levodopa. Remarkably, we found that the administration of the
selective D1R agonist SKF-81297 (SKF) also produced bidirectional
regulation of striatal neurons, much like levodopa (On MSN: 0.10 +
0.05 Hz [Park] versus 2.20 + 0.39 Hz [SKF], n = 23, N =5, p <
0.0001, Wilcoxon; Off MSN: 0.93 + 0.33 Hz [Park] versus 0.19 +
0.08 Hz [SKF], n =9, N =5, p = 0.004, Wilcoxon), while evoking
robust dyskinesia and contralesional rotations A—S2E). Administration
of the selective D2R agonist quinpirole (Quin) also produced
bidirectional regulation of striatal neurons, albeit with more modest
firing rate changes in activated neurons (On MSN: 0.18 + 0.05 Hz
[Park] versus 0.76 + 0.10 Hz [Quin], n = 19, N = 6, p < 0.0001,
Wilcoxon; Off MSN: 1.22 + 0.39 Hz [Park] versus 0.18 + 0.05 Hz
[Quinl, n= 12, N= 6, p< 0.0001, Wilcoxon), while
evoking contralesional rotations and more modest dyskinesia F—S2J).
highlighting the effects of dopamine receptor activation on striatal
microcircuitry through both direct regulation of MSNs and indirect
modulation of synaptic (local inhibitory and/or extrastriatal excitatory)
inputs.

Experimental Model and Subject Details

Animals

Hemizygous BAC transgenic mice expressing Cre recombinase under
the control of the Drdla (D1-Cre, GENSAT BAC transgenic EY217)
or Adora2a (A2a-Cre, GENSAT BAC transgenic KG139) regulatory
elements were used to restrict expression of Cre-dependent constructs
to direct and indirect pathway striatal neurons, respectively. All mice
were on a C57BL/6 background and housed under a 12-h light/dark
cycle with food and water ad libitum. Male and female mice were
used.

Pharmacology

Levodopa (Sigma Aldrich), in combination with benserazide (Sigma
Aldrich), was dissolved in normal saline and administered daily
(5 days per week) by i.p. injection. A dose of 2.5-5.0 mg/kg of
levodopa (plus 1.25-2.5 mg/kg benzeraside) typically elicited
dyskinetic movements and contralesional rotations. Lower doses of
levodopa (0.5-2.5 mg/kg) were administered in some sessions to elicit
therapeutic behavioral responses (defined as increased contralateral
rotations) without dyskinesia (sub-dyskinetic dose; The D1R-selective
agonist SKF-81297 or the D2R-selective agonist Quinipriole.

In Vivo Electrophysiology

During each recording session, the animal was placed in the open-field
while tethered via a lightweight, multiplexed headstage cable
(Triangle Biosystems) attached to a low-torque electrical commutator
(Dragonfly) to allow free movement. The animal’s gross behavior was
recorded by video tracking software (Noldus Ethovision). Fine
behavior was manually scored by the experimenter (AIM score).
Behavioral measurements were synchronized with simultaneous
electrophysiological recordings via TTL pulses triggered by the video
tracking software and recorded by the electrophysiology system (MAP
system, Plexon). Animals were habituated to tethering and i.p.
injections (saline) prior to pharmacological experiments.

In parkinsonian animals, a typical recording session consisted of a
30 minute baseline period during which animals displayed ipsilesional
biased rotations, followed by i.p. injection of levodopa.
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Contralesional rotations and levodopa-induced dyskinesia (LID) typically
began within 10 minutes of injection, lasted between 30-120 minutes and
terminated spontaneously.

Discussion

In routine clinical practice, attempts should be made to prevent LID. This
is possible, particularly in younger and biologically fit older patients by
using dopamine receptor agonists as initial monotherapy to control
symptoms of Parkinson's disease. This strategy may work for a long time
in some patients. However, a proportion of patients do not tolerate
dopamine agonists and the majority of patients eventually need levodopa
for symptom control. Levodopa should not be withheld in patients with
late- onset Parkinson's disease with significant symptoms, as the risk of
LID is substantially low in these patients.

Conclusion

Dyskinesias, such as those seen in levodopa-treated patients with
Parkinson’s disease, represent the abnormal release of fragments of
movements that quite often resemble or are within the normal motor
repertoire. It is therefore interesting and conceptually appealing to think
that prefrontal areas that are normally involved in the initiation of
voluntary actions could also participate in LIDs.

References

1. Cotzias G C, Papavasiliou P S, Gellene R. Modification of
Parkinsonism — chronic treatment with L- dopa. N Engl J Med
1969280337-345.

2. Duvoisin R C. Hyperkinetic responses with L- DOPA. In: Yahr MD,
ed. Current concepts in the treatment of parkinsonism. New York:
Raven Press, 1974203-210.

3. Parkinson's Study Group Impact of deprenyl and tocopherol
treatment on Parkinson's disease in DATATOP patients requiring
levodopa. Parkinson Study Group. Ann Neurol 19963937-45. 4.
Kumar N, Van Gerpen J A, Bower J H. et al Levodopa- dyskinesia
incidence by age of Parkinson's disease onset. Mov Disord
200520342344,

5. Sossi V, de la Fuente- Fernandez R, Schulzer M. et al Age- related
differences in levodopa dynamics in Parkinson's: implications for
motor complications. Brain 2006129(Pt 4)1050-1058. 6. Markham C
H. The choreoathetoid movement disorder induced by levodopa. Clin
Pharmacol Ther 197112340-343.

7. Chase T N, Holden E M, Brody J A. Levodopa- induced dyskinesias.
Comparison in Parkinsonism- dementia and amyotrophic lateral
sclerosis. Arch Neurol 197329328-333.

8. Di Monte D A, McCormack A, Petzinger G. et al Relationship
among nigrostriatal denervation, parkinsonism, and dyskinesias in the
MPTP primate model. Mov Disord 200015459-466.

9. Sacks O W, Kohl M, Schwartz W. et al Side- effects of L- dopa in
postencephalic parkinsonism. Lancet 1970i1006.

10. Ballard P A, Tetrud J W, Langston J W. Permanent human
parkinsonism due to
1- methyl- 4- phenyl- 1,2,3,6- tetrahydropyridine (MPTP): seven
cases. Neurology 198535949-956.

11. Nutt J G, Woodward W R, Carter J H. et al Effect of long- term
therapy on the pharmacodynamics of levodopa. Relation to on- off
phenomenon. Arch Neurol 1992491123-1130.

12. Sharma J C, Macnamara L, Hasoon M. et al Cascade of levodopa
dose and weight- related dyskinesia in Parkinson's disease
(LD- WD- PD cascade). Parkinsonism Relat Disord. 2006 Aug 24;
[Epub ahead of print]

13. Oliveri R L, Annesi G, Zappia M. et al Dopamine D2 receptor gene
polymorphism and the risk of levodopa- induced dyskinesias in PD.
Neurology 1999531425

14. Bibbiani F, Costantini L C, Patel R. et al Continuous dopaminergic
stimulation reduces risk of motor complications in parkinsonian
primates. Exp Neurol 200519273-78.

15. Rascol O, Sabatini U, Brefel C. et al Cortical motor overactivation in
parkinsonian patients with L- dopa- induced peak- dose dyskinesia.
Brain 1998121 (Pt 3)527-533.


http://www.auctoresonline.org/
https://www.nejm.org/doi/full/10.1056/NEJM196902132800701
https://www.nejm.org/doi/full/10.1056/NEJM196902132800701
https://www.nejm.org/doi/full/10.1056/NEJM196902132800701
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.410390107
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.410390107
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.410390107
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.20360
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.20360
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.20360
https://academic.oup.com/brain/article-abstract/129/4/1050/371225
https://academic.oup.com/brain/article-abstract/129/4/1050/371225
https://academic.oup.com/brain/article-abstract/129/4/1050/371225
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1002/cpt1971122part2340
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1002/cpt1971122part2340
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1002/cpt1971122part2340
https://jamanetwork.com/journals/jamaneurology/article-abstract/572496
https://jamanetwork.com/journals/jamaneurology/article-abstract/572496
https://jamanetwork.com/journals/jamaneurology/article-abstract/572496
https://jamanetwork.com/journals/jamaneurology/article-abstract/592008
https://jamanetwork.com/journals/jamaneurology/article-abstract/592008
https://jamanetwork.com/journals/jamaneurology/article-abstract/592008
https://www.sciencedirect.com/science/article/pii/S1353802006001507
https://www.sciencedirect.com/science/article/pii/S1353802006001507
https://www.sciencedirect.com/science/article/pii/S1353802006001507
https://www.sciencedirect.com/science/article/pii/S1353802006001507
http://n.neurology.org/content/53/7/1425.short
http://n.neurology.org/content/53/7/1425.short
http://n.neurology.org/content/53/7/1425.short
https://www.sciencedirect.com/science/article/pii/S0014488604004479
https://www.sciencedirect.com/science/article/pii/S0014488604004479
https://www.sciencedirect.com/science/article/pii/S0014488604004479
https://academic.oup.com/brain/article/121/3/527/360239/
https://academic.oup.com/brain/article/121/3/527/360239/
https://academic.oup.com/brain/article/121/3/527/360239/

16.

17.

18.

19.

20.

21.

22.

23.

24,

Auctores Publishing — Volume1-10029 www.auctoresonline.org

J Neuroscience and Neurological Surgery

Chase T N, Bibbiani F, Oh J D. Striatal glutamatergic
mechanisms and extrapyramidal movement disorders. Neurotox
Res 20035(1-2)139-146.

Calon F, Morissette M, Rajput A H. et al Changes of GABA
receptors and dopamine turnover in the postmortem brains of
parkinsonians with levodopa- induced motor complications. Mov
Disord 200318241-253.

Blanchet P J, Metman L V, Mouradian M M. et al Acute
pharmacologic blockade of dyskinesias in Parkinson's disease.
Mov Disord 199611580-581.

Brotchie J M. Nondopaminergic mechanisms in
levodopa- induced dyskinesia. Mov Disord 200520919-931.
Calon F, Grondin R, Morissette M. et al Molecular basis of
levodopa- induced dyskinesias. Ann Neurol 200047(4 Suppl
1)S70-S78.

Fahn S. The spectrum of levodopa- induced dyskinesias. Ann
Neurol. 2000;47: S2-9; discussion S9-11, (4 Suppl 1)

Marsden C D, Parkes J D, Quinn N. Fluctuations of disability in
Parkinson's disease: clinical aspects. In: Marsden CD, Fahn S,
eds. Movement disorders. London: Butterworth, 198196-122.
Pechevis M, Clarke C E, Vieregge P, Trial Study Group et al
Effects of dyskinesias in Parkinson's disease on quality of life
and health- related costs: a prospective European study. Eur J
Neurol 200512956-963.

Fahn S, Elton R L. UPDRS Development Committee. Unified
Parkinson's disease Rating Scale. In: Fahn Marsden CD, Clane
DB, Goldstein M, eds, Recent developments in Parkinson's
disease. Florham Park, New Jersey: Macmillan 1987153-163.

Page - 03

25.

26.

27.

28.

29.

30.

31.

Langston J W, Quik M, Petzinger G. et al Investigating
levodopa- induced dyskinesias in the parkinsonian primate. Ann
Neurol 200047 (4 Suppl 1)S79-S89.

Liu X, Carroll C B, Wang S Y. et al Quantifying drug- induced
dyskinesias in the arms using digitised spiral- drawing tasks. J
Neurosci Methods 200514447-52.

Block G, Liss C, Reines S. et al Comparison of immediate- release
and controlled release carbidopa/levodopa in Parkinson's disease. A
multicenter 5- year study. The CR First Study Group. Eur Neurol
19973723-27.

Nyholm D, Nilsson Remahl A I, Dizdar N. et al Duodenal levodopa
infusion monotherapy vs oral polypharmacy in advanced Parkinson
disease. Neurology 200564216-223.

Djaldetti R, Melamed E. Levodopa ethylester: a novel rescue therapy
for response fluctuations in Parkinson's disease. Ann Neurol
199639400-404.

Schuh L A, Bennett J P., Jr Suppression of dyskinesias in advanced
Parkinson's disease. |. Continuous intravenous levodopa shifts dose
response for production of dyskinesias but not for relief of
parkinsonism in patients with advanced Parkinson's disease.
Neurology 1993431545-1550.

Marin C, Aguilar E, Obeso J A. Coadministration of entacapone with
levodopa attenuates the severity of dyskinesias in hemiparkinsonian
rats. Mov Disord 200621646—653.


http://www.auctoresonline.org/
https://link.springer.com/article/10.1007/BF03033378
https://link.springer.com/article/10.1007/BF03033378
https://link.springer.com/article/10.1007/BF03033378
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.10343
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.10343
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.10343
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.10343
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.870110516
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.870110516
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.870110516
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.20612
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.20612
https://www.researchgate.net/profile/Frederic_Calon/publication/12554655_Molecular_basis_of_levodopa-induced_dyskinesias/links/5a45199f458515f6b0547022/Molecular-basis-of-levodopa-induced-dyskinesias.pdf
https://www.researchgate.net/profile/Frederic_Calon/publication/12554655_Molecular_basis_of_levodopa-induced_dyskinesias/links/5a45199f458515f6b0547022/Molecular-basis-of-levodopa-induced-dyskinesias.pdf
https://www.researchgate.net/profile/Frederic_Calon/publication/12554655_Molecular_basis_of_levodopa-induced_dyskinesias/links/5a45199f458515f6b0547022/Molecular-basis-of-levodopa-induced-dyskinesias.pdf
http://psycnet.apa.org/record/2000-15296-001
http://psycnet.apa.org/record/2000-15296-001
https://www.sciencedirect.com/science/article/pii/B9780407022959500126/
https://www.sciencedirect.com/science/article/pii/B9780407022959500126/
https://www.sciencedirect.com/science/article/pii/B9780407022959500126/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1468-1331.2005.01096.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1468-1331.2005.01096.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1468-1331.2005.01096.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1468-1331.2005.01096.x
https://europepmc.org/abstract/med/10762135
https://europepmc.org/abstract/med/10762135
https://europepmc.org/abstract/med/10762135
https://europepmc.org/abstract/med/10762135
https://europepmc.org/abstract/med/10762135
https://europepmc.org/abstract/med/10762135
https://www.karger.com/Article/Abstract/117399
https://www.karger.com/Article/Abstract/117399
https://www.karger.com/Article/Abstract/117399
https://www.karger.com/Article/Abstract/117399
http://n.neurology.org/content/64/2/216.short
http://n.neurology.org/content/64/2/216.short
http://n.neurology.org/content/64/2/216.short
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.410390321
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.410390321
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.410390321
http://n.neurology.org/content/43/8/1545.short
http://n.neurology.org/content/43/8/1545.short
http://n.neurology.org/content/43/8/1545.short
http://n.neurology.org/content/43/8/1545.short
http://n.neurology.org/content/43/8/1545.short
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.20780
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.20780
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.20780

