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Research Background and Motivation

The general concept underlying this research project is the close connection between mental state and
physical movement. For instance, neurological movement disorders such as Huntington's disease and
Parkinson's disease exhibit prominent psychiatric symptoms, while psychiatric disorders like depression
and schizophrenia frequently manifest with abnormal movements. A pattern of reduced striatal dopamine
transmission across these conditions was noted across these disorders by my supervisor Dr Jonathan Rogers,

which led to the conceptualisation of this research.

Though slightly different in nature, my interest in the interconnection between physical movement and
mental state came from a personal revelation: the reciprocal influence between my mental state and dance.
From the scientific literature on movement therapy and its positive impact on psychological well-being, |
came across the potential of a bi-directional link, where mental states could shape movement and movement,

in turn, could influence mental well-being.

Research Focus and Implications

Within the broad topic of the neuropsychiatry of movement, this research project focused on the
relationship between striatal dopamine transmission and psychomotor symptoms of various psychiatric and
neurological conditions. Out of several neurotransmitters, dopamine was of particular interest given its
central role in the basal ganglia motor loop, particularly the nigrostriatal pathway (connecting the substantia
nigra pars compacta to the caudate and putamen of the dorsal striatum). The degeneration of dopaminergic
neurons in the substantia nigra pars compacta is one of the primary pathophysiological features of
conditions such as Parkinson’s disease,! associated with cardinal symptoms such as hypokinesia,
bradykinesia and rigidity. These symptoms fall under the definition of psychomotor retardation: “a visible
generalised slowing of movements and speech” as defined by the ICD-11.2 However, we also
acknowledged that there are other definitions that consider movement initiation, amount and velocity; and

make reference to the cognitive aspects of PMR.3-°

Previous research has indicated that both neurological and psychiatric causes of psychomotor retardation
share common features, particularly pointing to disruptions in dopaminergic transmission.®” Thus, we
investigated the hypothesis that reduced striatal dopamine is a transdiagnostic mechanism for PMR,
discussing a range of disorders including: Parkinson’s disease, Parkinson’s plus syndromes such as multiple
system atrophy, corticobasal degeneration, progressive supranuclear palsy and dementia with Lewy bodies;
drug-induced parkinsonism, neuroleptic malignant syndrome, catatonia, depression and obsessional
slowness; while also considering hyperkinetic movement disorders, which clinically appear as the opposite

of psychomotor retardation.®



By focusing on striatal dopamine, one of our aims was to increase the anatomically and mechanistically
specific we could be in describing its transmission, in terms of synaptic location (pre/post), component
(nerve terminal/transporter/receptor) and function (storage/reuptake/binding). Identifying a shared
pathophysiology among conditions may have clinical implications for more personalised treatments.
Moreover, 50-60% of depressed patients do not respond adequately to antidepressants,® highlighting the
pressing need for novel therapeutic interventions. A more comprehensive understanding of the role of the
dopamine system may also have significant implications for repurposing dopaminergic drug treatments for

these neuropsychiatric conditions.

Methodology

A narrative review approach was used to investigate the hypothesis that reduced striatal dopamine
transmission is a common transdiagnostic mechanism across neurological and psychiatric disorders. The
paper comprised of an abstract, introduction, a review of findings from six major areas: clinical features,
laboratory markers, molecular neuroimaging, epidemiology and treatment responses to dopaminergic
medication and electroconvulsive therapy (ECT) respectively, and a discussion to evaluate whether there
is corroborating evidence to support the hypothesis. My focus was on reviewing the evidence from clinical
features and neuroimaging, and the creation of the striatal dopaminergic synapse illustration. | also
contributed to writing the discussion and synthesising it with the work of my collaborators to make the

section coherent.

Two main electronic sources (Google Scholar, PubMed/Medline) were searched to identify relevant
manuscripts published up to July 2024. Our initial search was done according to each condition
(Parkinson’s disease, Parkinson’s plus syndromes, drug-induced parkinsonism, neuroleptic malignant
syndrome, catatonia, psychomotor retardation in depression, obsessional slowness, hyperkinetic disorders)
in combination with the keywords “dopamin*”, “psychomotor speed” and/or “psychomotor retardation”.
The reference lists of the manuscripts were examined for relevant and additional evidence. Only articles

with available full texts or sufficiently detailed abstracts written in English were included.

Reflections

This six-week research project was completed under the supervision of Dr Jonathan Rogers. The end-

product, although still in progress, will hopefully lead to the publication of my first research paper.

At first, 1 found it overwhelming to locate and synthesise the literature, which highlighted the need to

develop a system tailored to my way of working. My initial approach, particularly while researching clinical



features, lacked structure, making it difficult to keep track of what I had read. This motivated me to develop
a more systematic way of recording information using citation software. This experience also taught me
the importance of organising time independently and coordinating effectively with collaborators. We were
each responsible for different sections, and it became clear that good communication and clarity were

essential for ensuring our work linked cohesively.

Through this project, | engaged deeply with the literature, enhancing my understanding of research methods,
academic writing, and communication. | developed my analytical skills by evaluating study quality,
identifying trends, gaps, and contradictions in the literature, and drawing evidence-based conclusions. The
process of writing a paper, including scientific illustration, has been a valuable learning experience,
emphasising the importance of methodological rigor and comprehensive literature exploration. Giving oral
presentations on our findings allowed me to practice summarising and articulating research in an engaging
manner, and | learned the importance of being proactive in asking questions to clarify and deepen my

understanding.

Throughout the process, there was also the valuable opportunity of receiving feedback from other leading
researchers in the field as co-authors of our paper. Their insights helped me to see my work from different
perspectives. Engaging with experienced researchers also highlighted the importance of staying open to
constructive criticism and continuously striving for excellence in academic work. This interaction not only
enhanced my confidence but also underscored the collaborative nature of research, where the exchange of

ideas and perspectives is crucial to advancing knowledge in the field.

Overall, my six-week research project was an insightful and challenging experience. Beyond the valuable
insights gained from my own research (detailed in the following extracts from the manuscript), the entire
process offered a profound immersion into a new environment. | am immensely grateful for this opportunity
and the meaningful connections | have built along the way. This experience has equipped me with a range

of transferable skills and opened my eyes to a career path in research.



Manuscript Extracts

Target journal: Brain — Journal of Neuroscience Research

Clinical Features

Reduced dopaminergic transmission in the dorsal striatum leads to the cardinal motor symptoms of
Parkinson’s disease, such as bradykinesia (slowness in spontaneous movement) and rigidity,° although its
contribution in tremor has been contested.!! Evidence shows bradyphrenia (slowness in cognitive
processing®?) and bradykinesia often co-occur in Parkinson’s disease,*** with slowed speech characteristic
of PMR being a potential manifestation of bradyphrenia.®> However, some observations note abnormally
rapid speech in Parkinson’s disease patients,'® though recent studies investigating speech rate report mixed
findings.t”-2® While some studies disputed the presence of bradyphrenia in Parkinson’s disease,?'?? others
predominantly supported a significant correlation between motor and cognitive slowing in Parkinson’s
disease.?® Specifically, bradykinesia severity correlates with compromised psychomotor speed,?* and extent
of cognitive impairment.?> Since nigrostriatal dopaminergic deficiency is a putative pathophysiological

cause of motor impairment in Parkinson’s disease, it likely also underlies its cognitive clinical features.

Other neurological disorders present clinical features comparable to Parkinson’s disease. Various
Parkinson’s plus syndromes such as multiple system atrophy and progressive supranuclear palsy present
parkinsonism (rigidity, bradykinesia, tremor), with corticobasal degeneration also displaying freezing of
gait.?® In neuroleptic malignant syndrome, patients exhibit akinesia, cogwheel rigidity and compromised
internal initiation of movements.?” drug-induced parkinsonism includes rigidity, bradykinesia, unstable gait,
and impaired movement control.?82° Bradykinesia also occurs in hyperkinetic disorders such as dystonia,
chorea, and essential tremor.3® These are characterised by excessive, uncontrollable movements and a
presumed hyperdopaminergia; contrasting the slowness and hypodopaminergia of hypokinetic disorders
such as parkinsonism.31:32 Catatonia shares motor symptoms with Parkinson’s disease (see Table 1 for
comparison), such as akinesia, though its rigidity differs from the cogwheel rigidity of Parkinson’s
disease.?” Additionally, motor blocking (Sperrung) in catatonia and freezing of gait in Parkinson’s disease
both present as sudden motor disabilities, characterised respectively by an abrupt cessation in voluntary

movement or speech and an unwanted inability to move.3334

Excited catatonia, characterised by agitation, differs markedly from the retardation of akinetic catatonia.3®
While this suggests reduced dopaminergic transmission may not fully explain its clinical presentation,
catatonia may be considered a heterogeneous syndrome with subtypes that have varying dopaminergic
pathology. The comorbidity of disorders associated with opposite dopaminergic imbalances, such as
psychosis with catatonia or Parkinson’s disease,®®%" adds further complexity. However, Friedhoff’s
restitutive hypothesis® suggests that restorative mechanisms could partially account for catatonia’s

heterogeneity and the contradictory apparent paradoxes of comorbid psychosis.



Overlaps in motor, cognitive and affective clinical features are also observed across psychiatric and
neurological disorders. obsessional slowness shares clinical features such as posturing, slowed movement,
difficulty initiating voluntary action and echolalia with catatonia3®; while the muscular rigidity, reduced
facial expression and delayed initiation of spontaneous movement resembles Parkinson’s disease,*°
suggesting shared neural disruptions.** Researchers have noted a relationship between PMR in depression
and bradykinesia in Parkinson’s disease,*>** observing comparable clinical presentations of a slow,
shuffling gait, hunched posture, expressionless and static masked facies, and a decrease in both the speed
and volume of speech;*® others have identified different patterns of motor impairment.?® Relatedly, PMR
in depression is associated with bradyphrenia in Parkinson’s disease.®*¢ Hence, a common dopaminergic
mechanism likely underlies motor and cognitive slowness in Parkinson’s disease and depression. However,
the potential confounding effects of aging should be acknowledged, as it relates to a 15% decrease in
psychomotor and cognitive performance and dopaminergic neuron loss in the substantia nigra pars

compacta to akin to Parkinson’s disease, albeit more moderate.*”48

Within depression, PMR accounts for a significant proportion (60%) of the variance in Depressive
Retardation Rating Scale scores,*® and correlates with anhedonia, a core symptom of depression
characterised by the diminished ability to experience pleasure.>® Similarly, PMR is correlated with
anhedonia in Parkinson’s disease,® and the presence of bradykinesia and rigidity.? Despite some
contesting evidence,*% it seems plausible for anhedonia to be a common consequence of
hypodopaminergic states rather than an independent entity. This is supported by how anhedonia is
traditionally attributed to mesolimbic dopaminergic deficiency,®® and the speculation that nigrostriatal

dopaminergic projections may also underlie anhedonic responses.>®

In summary, similarities in clinical features indicate striatal dopamine as a plausible common substrate for

PMR across neurological and psychiatric conditions.

Table I: Comparison of Shared Clinical Features between Parkinson’s disease and Catatonia

Parkinson’s disease®"-% Catatonia’>%6!-63
Motor
Rigidity Present (muscular hypertonus), especially Often present, but tone may also be
cogwheel rigidity normal or reduced. Waxy flexibility is
highly specific.
Hypokinesia (slowed or absence of Bradykinesia, akinesia Stupor (decreased psychomotor
movement) movement and reactivity), akinesia
Tremor Present at rest and postural Not typically observed
Facial manifestations Masked facies, reduced blink rates Flat affect, staring and reduced blink rates
Sudden motor freezing Freezing of gait (sudden, unwanted Motor blocking (Sperrung; abrupt cessation
inability to move) in voluntary movement or speech)
Non-motor
Altered mental status Depression, apathy, anhedonia, anxiety, Depression, mania, anxiety, psychosis

psychosis




Neuroimaging

PET and single photon emission computed tomography (SPECT) enable the quantification of dopaminergic
transmission in the brain (see Figure 1 for a schematic representation of dopaminergic transmission and
imaging radioligand action sites).
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Figure 1: Simplified representation of the dopamine synthetic pathway and radioligand action sites in a striatal dopaminergic
synapse.

In the final two steps of the dopamine (DA) synthetic pathway, tyrosine hydroxylase (TH) converts tyrosine to L-DOPA, which is
subsequently converted into DA by aromatic L-amino acid decarboxylase (AAAD). DA is stored in vesicles for tonic and phasic release.
The diffusion of DA across the synaptic cleft to and its binding to post-synaptic DA D, receptors initiates intracellular cascades in the
post-synaptic neuron that enables signal transmission. Following release, dopamine transporters (DAT) facilitate the reuptake of DA into
the pre-synaptic neuron, which is then transported back into the vesicle by vesicular monoamine transporter type 2 (VMAT?2).

Selected PET/SPECT radioligands and their site of action are depicted: [®F]-FDOPA is taken up into the pre-synaptic dopaminergic
neuron via an amino acid transporter, then decarboxylated by AAAD into flurodopamine ([*®F]-DA) and temporarily stored in vesicles.
Thus, [*®F]-FDOPA uptake can be interpreted as an indication of pre-synaptic DA synthesis and storage capacity; [**C]-NMF uptake
and ['*#1]-FP-CIT binding indicate the reuptake capacity of DAT; [*'C]-raclopride and [*?*I]-IBZM binding indicate post-synaptic
D, receptor availability. Due to their competition with endogenous DA for binding, these radioligands can additionally derive an estimate
of DA release by comparing ligand binding before and after a dopamine-stimulating event.

DA — dopamine. TH — tyrosine hydroxylase. L-DOPA — L-3,4-dihydroxyphenylalanine/Levodopa. AAAD _ aromatic L-

amino acid decarboxylase. DAT — dopamine transporters. VMAT2 — Vesicular monoamine transporter type 2. [*F]-FDOPA

— 6-[18F]Fluoro-L-3,4-dihydroxyphenylalanine. [*®F]-DA — flurodopamine. [*!C]-NMF — S-''C-nomifensine. [***[]-FP-CIT —

N-w-fluoropropyl-2B-carbomethoxy-3B-(4-iodophenyl)tropane/*#I-loflupane. [*?*l]-IBZM — lodine-123-lodobenzamide.
In Parkinson’s disease, significant reductions in striatal [*F]-FDOPA uptake and putaminal [*'C]-NMF
binding correlate with the severity and lateralisation of motor retardation, specifically bradykinesia and
rigidity.54-67 [123]]-FP-CIT SPECT studies show an asymmetrical decline in striatal dopamine transporter
(DAT) binding following a rostro-caudal gradient with increased duration and severity of Parkinson’s
disease.%85° Notably, tremor does not correlate with [*8F]-FDOPA uptake,”79 striatal DAT binding,%"* nor
other clinical features. This dissociation, coupled with the typical absence of tremor in catatonia and PMR

in depression, supports a specific relationship between reduced striatal dopamine transmission and PMR.

In early Parkinson’s disease, initial upregulation of striatal post-synaptic D2 receptors (D2R) shown by
[*1C]-raclopride-PET and [*%1]-IBZM-SPECT has been interpreted as a compensatory mechanism for pre-

synaptic dopaminergic nerve terminal loss, followed by downregulation more prominent in the caudate



approximately four years following motor symptom onset.”> Though it remains difficult to ascertain
whether downregulation results from disease progression or medication,”® consistent observations of higher
striatal D2R binding contralateral to predominant motor symptoms suggest that the initial upregulation is a
temporary compensatory response to dopamine depletion resulting from pre-synaptic degeneration in early
Parkinson’s disease.”? This is in accord with the inverse correlation observed between ['8F]-FDOPA uptake

and [*'C]-raclopride binding in L-DOPA naive Parkinson’s disease patients.’*

Non-motor symptoms of Parkinson’s disease also correlate with dopaminergic deficits. Reduced dorsal
striatal DAT binding is associated with anhedonia,’® and caudate pre-synaptic dopaminergic nerve terminal
and transporter dysfunction correlates with slower cognitive speed and impaired verbal fluency.”®”” These
results suggest that compromised nigrostriatal pre-synaptic dopamine storage and reuptake capacity
contribute to endogenous dopamine depletion affecting motor and non-motor symptoms in Parkinson’s

disease, as reflected by post-synaptic D2R density changes.

Similarly, motor symptoms of multiple system atrophy and progressive supranuclear palsy relate to
reduced striatal ['®F]-FDOPA uptake and D2R density, and CBD shows asymmetric decreases in caudate
and putaminal uptake.” In drug-induced parkinsonism, decreased [*?%1]-FP-CIT binding predicts levodopa
response and parkinsonian symptom progression,’® with reduced putaminal [*8F]-FDOPA uptake observed
in cases of continued or deteriorating parkinsonism post-withdrawal .2 This suggests that drug-induced
parkinsonism likely occurs in an at-risk population with subclinical pre-synaptic nigrostriatal
dysfunctions.®! In neuroleptic malignant syndrome, [*?%1]-IBZM-SPECT reveals near-absent basal ganglia
D2R binding in the acute phase and persistent mild parkinsonian symptoms despite near-normal D2R
availability after four months,? indicating high post-synaptic D2R occupancy as a mechanism for reduced

dopaminergic transmission associated with motor impairments.

Studies on catatonia mainly concentrate on pre-synaptic function, with limited data concerning post-
synaptic D2Rs.% [*8F]-FDOPA-PET studies found decreased putaminal and caudate uptake in patients with
catatonic schizophrenia relative to other patients with schizophrenia and healthy controls,®-8 and
comparable caudate Ki values to PD,®" suggesting a similar intracellular hypodopaminergia. However,
since these studies included few catatonic patients and did not specify their clinical state during scans,
observations may be state-specific. [*2%I]-FP-CIT-SPECT evaluations demonstrate a correlation between
striatal DAT density changes and progression of catatonic symptoms, observing a restoration of initially
reduced striatal DAT-SPECT accumulation post-treatment with ECT or benzodiazepines.®® Although
benzodiazepines, a first line treatment for catatonia, may reduce the amplitude of phasic dopamine release
via GABAA receptor activation,?-9! their net effect on dopaminergic transmission remains unclear, making
it difficult to define a relationship with the observed restoration. Nevertheless, the reversible DAT

dysfunction indicates that striatal dopaminergic transmission partially underlies catatonia.

In depression, striatal [*?°1]-IBZM binding in PMR patients initially increases pre-treatment and

subsequently decreases post-treatment relative to healthy controls and non-PMR patients.®? Concordantly,



increased right striatal [*231]-1BZM binding correlates positively with movement time and negatively with
verbal fluency.®® Moreover, depressed patients with motor retardation showed significantly higher
putaminal [*C]-raclopride binding correlated with motor speed,®* and PMR patients presented lower left
caudate [*®F]-FDOPA uptake.® These findings suggest that both impaired dopamine storage in pre-synaptic

nerve terminals and reduced striatal post-synaptic D2R availability associate with PMR in depression.

However, patients with obsessional slowness exhibit normal striatal [*8F]-FDOPA uptake, with no evidence
suggesting that their extreme slowness relates to nigrostriatal pre-synaptic dysfunction.% Evidence in
hyperkinetic disorders is varied, mostly showing normal or increased striatal DAT binding in essential
tremor and tic disorders.®” In dystonia, decreased striatal D2R binding potential but normal [*?%I]-FP-CIT
binding and [®F]-FDOPA uptake imply a dopaminergic transmission disturbance from reduced post-
synaptic receptor availability rather than pre-synaptic irregularities.®”-°

Overall, neuroimaging evidence predominantly support associations between reduced striatal dopaminergic
transmission and psychomotor deficits across conditions (see Table 2 for summary), more pronounced in
the dorsal than ventral striatum. Post-synaptic dysfunctions primarily involve D2Rs, but this may result
from less extensive investigations on DiRs, especially in conditions other than Parkinson’s disease.
However, available PET studies examining Parkinson’s disease patients typically observe no differences in
striatal D1R binding compared to healthy controls.'® For Parkinson’s disease, Parkinson’s plus syndromes
and PMR in depression, there seems to be sufficient evidence to specify subregional dopaminergic
differences between the putamen and caudate, and differentiate dysfunctions by synaptic region,
compartment and function. However, evidence for drug-induced parkinsonism, neuroleptic malignant
syndrome, catatonia, obsessional slowness and hyperkinetic disorders is less comprehensive and requires

further research.



Table 2: Summary of Imaging Findings by Synaptic Region

Condition Pre-synaptic Findings Post-synaptic findings
Tracer Interpretation Tracer Interpretation
Parkinson’s { Striatal ['®F]-FDOPA  Reflective pre- Initial T ['21]-IBZM and Initial T may be
disease uptake 6467 synaptic DA [''C]-raclopride binding compensatory mechanism
synthesis, storage and | in striatum contralateral for pre-synaptic DA nerve
reuptake dysfunction | to predominant motor terminal loss
| Putaminal [''C]-NMF ~ More prominent in symptoms, subsequent
binding ¢ the putamen caudate binding four Though { DR availability
years after onset 72 may not directly cause
Suggestive of motor symptoms, D,R
Asymmetrical { striatal alternativg density changes may be
[|23|]_FP_C|T binding pathophysmlogy, X driven b)’ endogenous DA
following a rostro- supportive of specific depletion resulting from
caudal gradient'®! relationship between pre-synaptic impairments
1 DA transmission
and PMR
Parkinson's  MSA, PSP: | Striatal MSA, PSP: { striatal Indicative of  striatal D,R
plus ['8F]-FDOPA uptake 78 [''C]-raclopride binding density
syndromes relative to PD and
CBD: Asymmetrical 4 healthy controls
in caudate and
putaminal ['8F]-
FDOPA uptake
Drug- I ['B1]-FP-CIT DIP likely occurs in J putaminal [''C]- Indicative of T D,R
Induced binding” an at-risk population | raclopride binding'®? blockade possibly

Parkinsonism

{ putaminal ['8F]-
FDOPA uptake®®

with subclinical pre-
synaptic nigrostriatal
dysfunctions in DA
storage and reuptake
8l

associated with
extrapyramidal symptoms

Neuroleptic To the author’s knowledge, no studies to date Near absent basal ganglia ~ Suggests high post-synaptic
Malignant has examined this ['#1]-IBZM binding in D3R occupancy may be a
Syndrome acute phase — near- mechanism for reduced
normal binding despite DA transmission associated
persistent mild with motor impairments
parkinsonian symptoms
after four months 82
Catatonia { putaminal 885 and Reversible DAT To the author’s knowledge, no studies to date has
caudate® ['8F]-FDOPA  dysfunction indicates examined this
uptake striatal DA
transmission partially
Initial 4 ['21]-FP-CIT underlies catatonia
binding — Restored
binding post-
ECT/benzodiazepine
treatment®®
Obsessional Normal striatal ['¢F]- Insufficient evidence To the author’s knowledge, no studies to date has
Slowness FDOPA uptake % to suggest association | examined this
between extreme
slowness and
impaired DA
synthesis and storage
Psychomotor | left caudate ['¢F]- DA hypofunction in Initial T striatal ['23]]- Initial T pre-treatment may

Retardation
in
Depression

FDOPA uptake in PMR
patients relative to
healthy controls and
non-PMR patients %

left caudate may be
associated with PMR
in depression

IBZM binding pre-
treatment, subsequent
post-treatment

in PMR patients relative
to healthy controls and
non-PMR patients %2

7 right striatal ['21]-
IBZM binding %°

T putaminal [''C]-
raclopride binding %

suggest compensatory D,R
upregulation and/or
decreased synaptic
dopamine, subsequent
post-treatment may
indicate normalisation of
D4R availability or response
to treatment

Higher striatal DR
availability may indirectly
indicate endogenous DA
depletion associated with
motor and cognitive
impairments




Summary of Findings (including excerpts from Discussion)

There is some compelling evidence supporting striatal dopamine as a transdiagnostic mechanism for PMR.
The overlapping clinical features across conditions imply striatal dopamine as a common substrate
associated with PMR. Epidemiological evidence indicates that transdiagnostic PMR in clinical populations
may result from predisposed dopaminergic dysfunction or antipsychotic effects. Molecular neuroimaging
and laboratory evidence mainly associate reduced striatal transmission with PMR, though evidence for
hyperkinetic disorders does not seem to support the converse hypothesis. Dopaminergic medication appears
effective in various conditions with PMR, though inconsistencies exist. Available findings highlight the
critical role of striatal dopamine in ECT’s therapeutic function, though other mechanisms may be involved.
More evidence supports this mechanism for psychomotor complications in Parkinson’s disease,
Parkinson’s plus syndromes and PMR in depression, whereas evidence for other disorders is less

compelling.

The evidence examined in this narrative review generally support reduced dorsal striatal dopamine
transmission as a transdiagnostic mechanism for PMR across various neurological and psychiatric
conditions. That is, reduced transmission could contribute to the pathophysiology of PMR, though it may
not be the primary cause. While current evidence is insufficient to conclusively define anatomical and
mechanistic specificities, we speculate that dorsal striatal pre-synaptic dysfunctions in dopamine storage
and reuptake affects downstream neurotransmission. This could lead to insufficient levels of synaptic
dopamine, reflected as changes in post-synaptic D2R availability. Striatal dopamine should be considered
alongside other interacting neurotransmitters, with further investigation needed into medication action sites

and the anatomical and mechanistic specifics of striatal transmission.
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