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Parkinson’s disease psychosis as a serotonin-dopamine
imbalance syndrome
Stephen M. Stahl
ISSUE:

Parkinson’s disease psychosis (PDP) is theoretically a serotonin-dopamine
imbalance syndrome due to disruption of the normal balance between the
serotonergic and dopaminergic neurotransmitter systems in key brain circuits.

Take-Home Points
’

Psychosis, especially with visual hallucinations and
delusions, may develop in up to half of patients with
Parkinson’s disease.

’

Parkinson’s disease psychosis (PDP) may be caused in
part by deposition of toxic alpha-synuclein–containing
Lewy bodies in the cerebral cortex that hypothetically
disrupt both serotonin and dopamine neurotransmission,
with upregulation and overstimulation of cortical serotonin 5HT2A receptors and excessive release of down-

delusions characteristic of PDP but who do not have
early Lewy body deposition in substantia nigra nor
motor symptoms of Parkinson’s disease.12–17 Other
causes or contributors to PDP may include Alzheimer
amyloid plaques/tau pathology in the cerebral cortex15
as well as high dosing of dopaminergic drugs used to
treat the motor symptoms of Parkinson’s disease.4,18–21
No matter what the cause, PDP seems to be a serotonindopamine imbalance syndrome due to a ﬁnal common
pharmacologic pathway in which serotonin activity at
5HT2A receptors, dopamine activity at D2 receptors, or
both, become excessive.

stream dopamine in mesolimbic brain circuits.
’

Blocking hypothetically excessive serotonin neurotransmission at serotonin 5HT2A receptors in patients with
PDP theoretically restores the balance between serotonin
and dopamine, reducing visual hallucinations and
delusions without worsening motor symptoms.

Introduction
Parkinson’s disease begins with prominent motor
symptoms caused by deposition of Lewy bodies
containing alpha-synuclein in the substantia nigra,1–3
and then progresses in over half the cases to psychosis
with delusions and hallucinations called Parkinson’s
disease psychosis (PDP).4–7 Several causes are
proposed for PDP, the most prominent theory being
the accumulation of Lewy bodies in the cerebral
cortex.4–13 Lewy body deposition in the cerebral cortex
is also thought to cause Lewy body dementia in
patients who have the same visual hallucinations and

Serotonin-Dopamine Imbalance Due to Cortical
Lewy Bodies
Parkinson’s disease starts as a “substantia nigra
synucleinopathy” with Lewy body deposition in the
substantia nigra that causes motor symptoms.1–3
Parkinson’s disease can progress to a “cortical synucleinopathy” with Lewy body deposition in the cerebral
cortex that hypothetically causes PDP.4–13 Although
Parkinson’s disease is mostly known as a “dopamine
deﬁciency syndrome” in the dorsal striatum due to loss
of substantia nigra neurons thus causing akinesia,
rigidity, and tremor,1–3 it can theoretically progress to
develop a superimposed “serotonin-dopamine excess
syndrome” in the cerebral cortex and ventral striatum
that causes PDP.9,10,22 That is, the normal balance
between serotonin and dopamine (Figure 1) becomes
initially distorted due to loss of substantia nigra
projections to the dorsal striatum, causing dopamine
deﬁciency there (Figure 2) and the classical motor
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Figure 1. Serotonin-dopamine balance. Normally,
serotonin and dopamine are balanced in neuronal circuits.
Shown here are serotonin (5HT) 2A receptors regulating
gamma amino butyric acid (GABA) and glutamate in the
cerebral cortex and dopamine in the downstream ventral
tegmental area and the ventral striatum.
Serotonin-Dopamine Balance

Figure 2. Parkinson’s disease: nigrostriatal dopamine/D2
deﬁciency. In Parkinson’s disease, Lewy bodies accumulate in the substantia nigra, causing them to degenerate
and lose their dopamine in nerve terminals projecting to
the dorsal striatum. This causes a nigrostriatal dopamine/
D2 deﬁciency resulting in the motor symptoms of
Parkinson’s disease, namely akinesia, rigidity, and
tremor.
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symptoms of Parkinson’s disease.
Concomitantly,
serotonin neurons in the raphe are also degenerating
with initial loss of serotonin (Figure 2),22–30 but this is
less prominent than the dopamine loss and not clearly
linked to motor symptoms, but possibly to nonmotor
symptoms.
As Lewy bodies accumulate in the cerebral cortex
with the progression of Parkinson’s disease in some
patients, pyramidal neurons containing serotonin
receptors degenerate, and a well-documented upregulation and thus increase in the number of 5HT2A
receptors occurs in the remaining neurons in the
cerebral cortex.10,22–28 Upregulation of 5HT2A receptors seems to occur in the motor cortex of Parkinson’s
patients whether they have psychosis or not,9 but
upregulation of 5HT2A receptors seems to occur in the
prefrontal and visual/temporal cortex areas only in
patients with PDP,9 although not all observers agree.29
Also in PDP there appears to be an increase in raphe
serotonin levels,22 presumably due to enhanced serotonin turnover despite the loss of serotonergic raphe
neurons (Figure 3). The resulting enhanced activity at
upregulated 5HT2A receptors in the temporal cortex
and in visual pathways hypothetically causes visual
hallucinations.9,10,31 Indeed, hallucinogenic drugs that

stimulate these same 5HT2A receptors also cause
striking visual hallucinations.31–33 Thus, there is robust
pharmacologic rationale to explain why stimulation of
5HT2A receptors causes visual hallucinations, and why
blocking hypothetically overstimulated 5HT2A receptors in PDP with the selective 5HT2A antagonist
pimavanserin34–37 or the nonselective 5HT2A antagonists quetiapine and clozapine38,39 reduces visual
hallucinations.
Upregulated 5HT2A receptors in the prefrontal
cortex hypothetically lead to downstream changes in
the cortical-striatal and cortical-brainstem projections
regulating dopamine release in the ventral striatum in
patients with PDP (Figure 3).9,10,31 When dopamine
release is enhanced there, positive symptoms of
psychosis are thought to be the consequence, namely
delusions and auditory hallucinations.40,41 This is the
same pathophysiology long postulated for psychotic
symptoms of schizophrenia in the so-called dopamine
hypothesis.40,41 Overall, this formulation comprises
robust pharmacologic rationale to explain why
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Figure 3. Parkinson’s disease psychosis: cortical serotonin/5HT2A and mesolimbic dopamine/D2 excess superimposed upon nigrostriatal dopamine D2 deﬁciency.
After the development of nigrostriatal dopamine/D2
deﬁciency and the motor symptoms of Parkinson’s
disease shown in Figure 2, some patients progress to
having Lewy bodies accumulate in cerebral cortex,
upregulating 5HT2A receptors, resulting in their excessive activation and the development of visual hallucinations of PDP in visual and temporal brain circuits and
downstream enhancement of ventral striatal dopamine,
also causing delusions and auditory hallucinations
of PDP.

Figure 4. L-DOPA psychosis: dorsal to ventral shift and
dopamine overdose. In some patients with Parkinson’s
disease, psychosis develops because of a dorsal to ventral
shift in the sensitivity of the striatum to dopaminergic
treatments. This results in over-activity of the ventral
striatum, just like that postulated to occur in schizophrenia,
and the production of psychotic symptoms such as
delusions and auditory hallucinations, also just like those
seen in schizophrenia.
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blocking hypothetically overstimulated 5HT2A receptors in PDP would improve serotonin-dopamine
imbalance, and thereby stop psychotic symptoms.

Serotonin-Dopamine Imbalance Due to
Dopamine Treatments
Psychosis in Parkinson’s disease can also be associated
with dopaminergic therapeutics, since it can correlate
with dosing and blood levels of the drugs and improve
with dose reduction.18–21 This may not necessarily
occur only in Parkinson patients with Lewy body
accumulation the cortex (Figure 3), but also for various
additional and unknown reasons in certain other
vulnerable patients (Figure 4).4,18–21 That is, in the
usual patient with Parkinson’s disease (Figure 2),

administration of L-DOPA and similar dopamine
stimulating agonists and agents appears to improve
motor symptoms without causing psychosis. In these
patients, stimulation of dopamine terminals in the
dorsal striatum thus provides therapeutic beneﬁt for
motor symptoms but any concomitant stimulation of
dopamine terminals in the ventral striatum does not
cause psychosis, presumably due to the presence of a
therapeutic window in these patients.1–4,18–21
However, in vulnerable Parkinson patients who may
have early age of onset of their Parkinson’s disease,
have a long duration of illness, or are in the later stages
of the illness with severe motor symptoms, the
improvement of motor symptoms by dopaminergic
therapy can come at the expense of inducing concomitant positive psychotic symptoms such as delusions
and hallucinations.4,18–21 These same patients hypothetically have a dorsal to ventral shift in their sensitivity
to exogenous dopamine administration such that both
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the dorsal and the ventral striata now respond to
stimulation by dopamine.20 Too much dopamine
stimulation of the dorsal striata may manifest as
unwanted movement disorders such as dyskinesias or
the on-off phenomenon whereas too much dopamine
stimulation in the ventral striatum hypothetically
manifests as positive symptoms of psychosis just as
postulated to occur when this area of the brain is
overstimulated in patients with these same symptoms
who have schizophrenia. Dose reduction of dopaminergic stimulants or administration of D2 dopamine
antagonists traditionally utilized for the treatment of
schizophrenia may improve the psychosis of excessive
dopaminergic therapy in Parkinson’s disease, but often
at the expense of worsening motor behavior.

Summary
PDP is associated with upregulated 5HT2A receptors in
the cerebral cortex that presumably are the result of
cortical Lewy body deposition and that theoretically
set off a serotonin-dopamine imbalance syndrome
associated with visual hallucinations and delusions.
Blocking 5HT2A receptors improves PDP without
worsening motor symptoms, hypothetically restoring
balance in serotonin and dopamine neurotransmitter
systems. Since 5HT2A receptors are also upregulated in
dementia with Lewy bodies, it is possible that pimavanserin will also be effective in treating the visual
hallucinations of Lewy body dementia.
R e f e r en c e s :

Pharmacologic Mechanism of Action of 5HT2A
Antagonism in PDP: No Longer Between a Rock
and a Hard Place
Traditional treatments for PDP included dose reduction
of dopaminergic therapy if that was a contributing
factor, or administration of antipsychotics, especially
quetiapine or clozapine, assumed initially to work by
blocking D2 dopamine receptors just as they do in
schizophrenia.18–21,38,39 However, this often put both
PDP patients and their clinicians between a rock and a
hard place when trying to balance simultaneously the
treatment of both PDP and motor symptoms of
Parkinson’s disease, since what was good for psychotic
symptoms was generally bad for motor symptoms.
Pimavanserin is a potent antagonist at 5HT2A
receptors without any D2 dopamine antagonist
properties.34 It is the ﬁrst agent with proven antipsychotic actions for PDP and is effective for psychotic
symptoms worsening motor symptoms.34–37 This
antipsychotic efﬁcacy of pimavanserin in PDP was at
ﬁrst surprising because longstanding dogma about the
pharmacology of psychosis assumed that psychosis
was due to excessive dopamine activity (such as that
shown in Figure 4),40,41 and the only way to treat
psychosis was therefore to reduce dopamine activity
directly either by dose reduction of dopamine stimulants or by administration of dopamine antagonists.
However, pimavanserin appears to exert its antipsychotic effects in PDP without worsening motor symptoms by
correcting the theoretical serotonin-dopamine imbalance
in PDP that causes psychosis via direct interaction with
5HT2A receptors,34 leading to indirect actions on
downstream dopamine release (Figure 3)40 without
disrupting the serotonin-dopamine balance associated
with motor symptoms (Figure 2).34,40

1. Birkmayer W, Birkmayer JD. Dopamine action and disorders
of neurotransmitter balance. Gerontology. 1987; 33(3–4): 168–171.
2. Ravina B, Marek K, Eberly S, et al. Dopamine transporter imaging
is associated with long-term outcomes in Parkinson’s disease. Mov
Disord. 2012; 27(11): 1392–1397.
3. Kordower JH, Olanaw CW, Dodiya HB, et al. Disease duration and
the integrity of the nigrostriatal system in Parkinson’s disease.
Brain. 2013; 136(Pt 8): 2419–2431.
4. Cummings JL. Behavioral complications of drug treatment of
Parkinson’s disease. J Am Geriatr Soc. 1991; 39(7): 708–716.
5. Chang A, Fox SH. Psychosis in Parkinson’s disease: Epidemiology,
pathophysiology, and management. Drugs. 2016; 76(11):
1093–1118.
6. Goldman JG, Holden S. Treatment of psychosis and dementia in
Parkinson’s Disease. Curr Treat Options Neurol. 2014; 16(3): 281.
7. Goldman JG, Vaughan CL, Goetz CG. An update expert
opinion on management and research strategies in Parkinson’s
disease psychosis. Expert Opin Pharmacother. 2011; 12(13):
2009–2024.
8. Paponabarrage J, Martinez-Horta S, Fernandez de Bobadilla R,
et al. Minor hallucinations occur in drug-naive Parkinson’s disease
patients, even from the premotor phase. Mov Disord. 2016; 31(1):
45–52.
9. Huot P, Hohnston TH, Darr T, et al. Increased 5HT2A receptors in
the temporal cortex of parkinsonian patients with visual
hallucinations. Mov Disord. 2010; 25(10): 1399–1408.
10. Ballanger B, Strafella AP, van Eimeren T, et al. Serotonin 2A
receptors and visual hallucinations in Parkinson disease. Arch
Neurol. 2000; 67(4): 416–421.
11. Kalia LV, Kalia SK. Alpha-synuclein and Lew pathology in
Parkinson’s disease. Mov Disord. 2015; 28(4): 376–381.
12. Wirdefeldt K, Bogdanovic N, Westerberg L, Payami H, Schalling M,
Murdoch G. Expression of alpha-synuclein in the human brain:
relation to Lewy body disease. Brain Res Mol Brain Res. 2001;
92(1–2): 58–65.
13. Ballard C, Aarsland D, Francis P, Corbett A. Neuropsychiatric
symptoms in patients with dementias associated with cortical
Lewy bodies: pathophysiology, clinical features and
pharmacological management. Drugs Aging. 2013; 30(8): 603–611.
14. Boot BP. Comprehensive treatment of dementia with Lewy bodies.
Alzheimers Res Ther. 2015; 7(1): 45–52.
15. Jacobson SA, Morshed T, Dugger BN, et al. Plaques and tangles as
well as Lewy-type alpha synucleinopathy are associated with

Downloaded from https:/www.cambridge.org/core. IP address: 86.201.135.220, on 31 Mar 2017 at 16:10:40, subject to the Cambridge Core terms of use, available at
https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S1092852916000602

Parkinson’s disease psychosis as a serotonin-dopamine imbalance syndrome 359

BRAINSTORMS—Clinical Neuroscience Update
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

formed visual hallucinations. Parkinsonism Relat Disord. 2014; 20(9):
1009–1014.
Kundakar AA, Hanson PS, Erskine D, et al. Analysis of primary
visual cortex in dementia with Lewy bodies indicates GABAergic
involvement associated with recurrent complex visual
hallucinations. Acta Neuropathol Commun. 2016; 4(1): 66.
Wakabayashi K, Hansen LA, Masliah E. Cortical Lewy bodycontaining neurons are pyramidal cells: laser confocal imaging of
double-immunolabled sections with anti-ubiquitin and SMI32.
Acta Neuropathol. 1995; 89: 404–408.
Vaillancourt DE, Schonfeld D, Kwak Y, Bohnen NI, Seidler R.
Dopamine overdose hypothesis: evidence and clinical
implications. Mov Disord. 2013; 28(14): 1920–1929.
MacDonald AA, Mondhi O, Seergobin KN, Ganjavi H, Tamjeedi R,
MacDonald PA. Parkinson’s disease duration determines effect of
dopaminergic therapy on ventral striatum function. Mov Disord.
2013; 28(2): 153–160.
Joutsa J, Johansson J, Seppänen M, Noponen T, Kaasinen V.
Dorsal-to-ventral shift in midbrain dopaminergic projections and
increased thalamic/raphe serotonergic function in early Parkinson
disease. J Nucl Med. 2015; 56(7): 1036–1041.
MacDonald PA, Monchi O. Differential effects of dopaminergic
therapies on dorsal and ventral striatum in Parkinson’s disease:
implications for cognitive function. Parkinson’s Disease. 2011, Article
ID 572743, 2011. doi:10.4061/2011/572743.
Birkmayer W, Danielczyk W, Neumayer E, Riederer P. Nucleus
ruber and L-dopa psychosis: biochemical post-mortem ﬁndings.
J Neural Transm. 1974; 35(2): 93–116.
Halliday GM, Blumbergs PC, Cotton RGH, Blessing WW,
Geffen LB. Loss of brainstem serotonin- and substance
P-containing neurons in Parkinson’s disease. Brain Res. 1990;
510(1): 104–107.
Fox SH, Chuang R, Brotchie JM. Serotonin and Parkinson’s disease:
on movement, mood and madness. Mov Disord. 2009; 24(9):
1255–1266.
Albin RL, Koeppe RA, Bohnen NI, Wernette K, Kilbourn MA,
Frey KA. Spared caudal brainstem SERT binding in early
Parkinson’s disease. J Cereb Blood Flow Metab. 2008; 28(3): 441–444.
Ohno Y, Shimizu S, Tokudome K, Kunisawa N, Sasa M. New
insight into the therapeutic role of the serotonergic system in
Parkinson’s disease. Prog Neurobiol. 2015; 134: 104–121.
Politis M, Niccolini F. Serotonin in Parkinson’s disease. Behav Brain
Res. 2015; 277: 136–145.

28. Huot P, Fox SH. The serotonergic system in motor and non-motor
manifestations of Parkinson’s disease. Exp Brain Res. 2013; 230(4):
463–476.
29. Cheng AVT, Ferrier IN, Morris CM, et al. Cortical serotonin-S2
receptor binding in Lewy body dementia, Alzheimer’s and
Parkinson’s diseases. J Neurol Sci. 1991; 106(1): 50–55.
30. Kerenyi L, Ricaurte GA, Schretlen DJ, et al. Positron emission
tomography of striatal serotonin transporters in Parkinson disease.
Arch Neurol. 2003; 60(9): 1223–1229.
31. Kometer M, Schmidt A, Jäncke L, Vollenwider FX. Activations of
serotonin 2A receptors underlies the psilocybin-induced effects on
αoscillations, N170 visual-evoked potentials, and visual
hallucinations. J Neurosci. 2013; 33(25): 10544–10551.
32. Sadzot B, Baraban JM, Glennon RA, et al. Hallucinogenic drug
interactions at human brain 5-HT2 receptors: implications for
treating LSD-induced hallucinogenesis. Psychopharmacology (Berl).
1989; 98(4): 494–499.
33. McClue SJ, Brazell C, Stahl SM. Hallucinogenic drugs are partial
agonists of the human platelet shape change response: a
physiological model of the 5-HT2 receptor. Biol Psychiatry. 1989;
26(3): 297–302.
34. Stahl SM. Mechanism of action of pimavanserin in Parkinson’s
disease psychosis: targeting serotonin 5HT2A and 5HT2C
receptors. CNS Spectr. 2016; 21(4): 271–275.
35. Cummings J, Isaacson S, Mills R, et al. Pimavanserin for patients
with Parkinson’s disease psychosis: a randomized, placebocontrolled phase 3 trial. Lancet. 2014; 383(9916): 533–540.
36. Hermanowicz S, Hermanowicz N. The safety, tolerability and
efﬁcacy of pimavanserin tartrate in the treatment of psychosis in
Parkinson’s disease. Expert Rev Neurother. 2016; 16(6): 625–633.
37. Friedman JH. Pimavanserin for the treatment of Parkinson’s
disease psychosis. Expert Opin Pharmather. 2013; 14(14): 1969–1975.
38. Zahodne LB, Fernandez HH. Pathophysiology and treatment of
psychosis in Parkinson’s disease: a review. Drugs Aging. 2008;
25(8): 665–682.
39. Desmarais P, Massoud F, Filion J, Nguyen QD, Bajsarowicz P.
Quetiapine for psychosis in Parkinson disease and
neurodegenerative parkinsonian disorders: a systematic review.
J Geriatr Psychiatry Neurol. 2016; 29(4): 227–236.
40. Stahl SM. Stahl’s Essential Psychopharmacology, 4th ed. Cambridge,
UK: Cambridge University Press; 2013.
41. Meltzer HY, Stahl SM. The dopamine hypothesis of schizophrenia:
a review. Schizophr Bull. 1976; 2(1): 19–76.

Downloaded from https:/www.cambridge.org/core. IP address: 86.201.135.220, on 31 Mar 2017 at 16:10:40, subject to the Cambridge Core terms of use, available at
https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S1092852916000602

