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Abstract
Objectives: The main aim of this study is to discuss the latest information 
released into the medical literature regarding novel drug therapy of 
depression in Parkinson’s disease.
Methods: A wide search of the medical literature of the following 
databases, PubMed/MEDLINE, Scopus, and Embase, was performed to 
find articles related to novel information on the pathogenesis of depression 
in PD.
From 01 January 2000 to 31 January 2026, we searched the medical 
literature following PRISMA guidelines. We searched Scopus, Embase, 
and PubMed Central using: “Pathogenesis of depression,” “pathogenesis 
of Parkinson’s disease,” “novel treatment for depression,” “gut-brain axis 
therapy,” “dysbiosis,” “limbic system,” “major depressive disorders,” 
“habenula dysfunction,” “ibogaine” and “treatment of mood disorders”.
Results: A literature search initially yielded 1563 articles. After removing 
911 duplicates based on title and abstract review, 652 publications 
remained. Of these, 478 did not meet the inclusion/exclusion criteria, 
leaving 174 studies that investigated the pathogenesis of depression in 
PD. Among these, five manuscripts presented novel information on the 
treatment of depression in PD. However, quality assessment revealed that 
none of the selected articles delivered new hypotheses.
Keywords: Pathogenesis of depression; Pathogenesis of Parkinson’s 
disease; Limbic system; Major depressive disorders; Dopaminergic 
dysfunction; Novel treatment of depression in PD
Abbreviations: 5-HT4R: Serotonin 4 Receptor; 6-OHDA: 
6-hydroxydopamine; AHR: Aryl Hydrocarbon Receptor; ChAT: Choline
Acetyltransferase; CNS: Central Nervous System; DHA: Docosahexaenoic 
Acid; DNs: Dopaminergic Neurons; DMV: Dorsal Motor Nucleus of
the Vagus; ENS: Enteric Nervous System; FMT: Faecal Microbiota
Transplantation; GDNF: Glial Cell Line–Derived Neurotrophic Factor;
GF: Germ-Free; GFAP: Glial Fibrillary Acidic Protein; GLP-1: Glucagon-
Like Peptide 1; GPR41: G-protein Coupled Receptor 41; HDAC:
Histone Deacetylase; IPANs: Intrinsic Primary Afferent Neurons; LPS:
Lipopolysaccharide; NaB: Sodium Butyrate; nNOS: neuronal Nitric Oxide 
Synthase; PD: Parkinson’s Disease; PYY: Peptide YY; ROS: Reactive
Oxygen Species; S100B: S100 calcium-binding protein B; SCFAs: Short-
Chain Fatty Acids; TH: Tyrosine Hydroxylase; TLR: Toll-Like Receptor;
TLR2: Toll-Like Receptor 2; TLR4: Toll-Like Receptor 4; TNF-α: Tumor
Necrosis Factor Alpha; VIP: Vasoactive Intestinal Peptide

Introduction
In 1817, Dr. James Parkinson published his famous “Essay 
on the Shaking Palsy”, in which he described the most 
relevant clinical features of this disease, which had been 
recognised since ancient times.
Motor symptoms such as tremor, rigidity, bradykinesia, 
and gait disturbance define PD. Meanwhile, non-motor 
symptoms, including sensory, autonomic, sleep, and 
psychiatric disturbances, are now defined as core features.
PD affects about 2% of people aged 65 and older worldwide. 
Its rising prevalence and earlier onset impose a significant 
socioeconomic burden [1-4]. This highlights the need for 
robust animal studies to model PD’s molecular hallmarks 
and behavioural symptoms, and to clarify its pathogenesis 
and therapeutic strategies.
The underlying pathology of PD involves the gradual loss 
of dopamine-producing neurons in the substantia nigra, a 
region of the brain essential for movement and motivation, 
is particularly affected neurons degenerate, dopamine 
levels within the basal ganglia decline, leading to both 
motor and non-motor manifestations. A key pathological 
feature of this process is the accumulation of abnormal 
protein aggregates, known as Lewy bodies, composed 
of misfolded alpha-synuclein and contribute to ongoing 
neuronal dysfunction and cell death [5].
The motor symptoms of PD classically include resting 
tremor, rigidity, bradykinesia, and postural instability. Non-
motor symptoms—such as depression, sleep disturbances, 
constipation, and cognitive impairment—are increasingly 
recognised as key components of the disease.
These symptoms often arise during the prodromal phase 
and often precede motor manifestations by several years. 
Non-motor symptoms, therefore, play a critical role in 
identifying individuals at risk of developing PD [6,7].
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These non-motor symptoms may precede motor 
manifestations by several years and are therefore critical in 
the early identification of individuals at risk for PD [6,7].
In addition, non-motor symptoms majorly contribute to 
reduced quality of life and functional decline. Psychiatric 
manifestations, particularly depression, anxiety, and 
apathy, are especially important [7].
Depression, as defined by the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-5-TR), is characterised 
by symptoms including depressed mood, anhedonia, 
feelings of guilt or worthlessness, impaired concentration, 
appetite changes, sleep disturbances, and recurrent thoughts 
of death [8].
In Parkinson’s disease, however, the clinical presentation 
of depression often differs from that seen in primary Major 
Depressive Disorder (MDD). Although standard diagnostic 
criteria remain applicable, depressive symptoms in PD 
less commonly involve overt sadness, guilt, and suicidal 
ideation. Instead, they more often present as cognitive 
impairment, reduced motivation, and difficulties with 
concentration [9].
Symptoms less often include suicidal ideation, more often 
presenting as cognitive impairment, reduced motivation, 
and difficulty concentrating [9].
This distinction suggests that depression in Parkinson’s 
disease may not merely represent a psychological response 
to chronic illness, but rather a manifestation of the 
underlying neurodegenerative process itself. Disruption of 
dopaminergic, serotonergic, and noradrenergic pathways, 
alongside the dysfunction of limbic and fronto-striatal 
circuits involved in mood regulation, it provides a biological 
basis for this altered clinical presentation [5].
In 2022, Weintraub and colleagues at the University of 
Pennsylvania reviewed Neuropsychiatric (NP) symptoms 
of Parkinson’s disease. They found that these symptoms 
can cause as much disability as motor ones. They suggested 
specialised training, more research, greater awareness, and 
new care models to improve NP symptom management in 
Parkinson’s disease.
The symptoms and signs of this complex NP disorder are 
characterised by perceptual and cognitive disturbances, 
such as psychosis; motivational symptoms, including 
apathy and impulse control disorders; and, most commonly, 
affective disturbances like anxiety and depression [10].
Non-Motor Symptoms (NMSs) of PD, described by James 
Parkinson almost 200 years ago, are integral to PD and 
worsen patients’ quality of life. Moreover, their role was 
recognised as significant early in the characterisation of the 
disease.
It is a common neurodegenerative disorder characterised 
by progressive dopaminergic neuronal loss in the 
posterolateral aspect of the pars compacta in the substantia 
nigra and the deposition of α-synuclein (α-syn) aggregates, 
forming Lewy Bodies (LBs) and Lewy Neurites (LNs) [11, 
12].
Depression and anxiety are quite common neuropsychiatric 

disorders in PD, being more prevalent in PD than in the 
general population and other chronic conditions. Over 31% 
of people with PD had depressive symptoms associated 
with reduced quality of life [13].
Kim et al., proved the bidirectional relationship between 
depression/anxiety behaviours and α-synuclein (α-syn) 
propagation using A53T α-syn in an animal model subjected 
to chronic restraint stress and/or intrastriatal injection of 
α-syn preformed fibrils [14].
Parkinson’s Disease (PD) is present worldwide, and the 
incidence and prevalence increase gradually with age. 
Epidemiologic investigations have also shown high rates. 
In 2016, 6.1 million people worldwide had PD (47.5% 
women and 52.5% men). This number was 2.4 times higher 
than in 1990 and was attributed to an increased population 
of older people, longer lifespans, longer disease duration, 
and environmental factors/exposures, among other factors. 
Nevertheless, prevalence rates were highest in high-income 
countries [15].
On the other hand, mood disturbances are quite common 
worldwide, affecting roughly 17.6% of the general 
population in any given year and approximately 29.2% of 
people over their lifetime. The most common are depression 
and anxiety, which might impact at least 600 million people 
globally [16].
The main aid of this review is to find out the novel reported 
information on therapeutic drug for depression in PD 
patients.

Materials and Methods
A comprehensive search of the medical literature in the 
PubMed/MEDLINE, Scopus, and Embase databases was 
conducted to identify articles reporting novel information 
on GA and diagnostic procedures.
The systematic review performed in this study followed the 
guidelines recommended by PRISMA (2020 statement).

Search strategy

From 01 January 2000 to 31 January 2026, we searched 
the medical literature following PRISMA guidelines. 
We searched the following issues: “Pathogenesis of 
depression,” “pathogenesis of Parkinson’s disease,” 
“novel treatment for depression,” “gut-brain axis therapy,” 
“dysbiosis,” “limbic system,” “major depressive disorders,” 
“habenula dysfunction,” “ibogaine” and “treatment of 
mood disorders”.
A systematic search was conducted across the following 
databases: PubMed Central/MEDLINE, Scopus, and 
Embase to identify publications on the pathophysiology of 
depression in PD and novel therapies.
Only articles published in English, Spanish and Portuguese 
were selected. Editorials, preclinical studies, and conference 
proceedings were excluded.

Selection of study

Both authors (LdeFIV, and HFS) separately reviewed 
the abstracts and titles of the selected publications 
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and independently reviewed the full-text versions of 
the identified articles to determine their eligibility for 
inclusion. Furthermore, publications without a clear 
protocol for confirmatory diagnosis, papers lacking 
analysis, publications with incomplete data, or those that 
did not mention the exact number of patients or treatment 
of depression and PD were not considered for inclusion.
Selection criteria

The following criteria were included: Articles with detailed 
pathogenesis and/or drug therapy. Clinical features of LIS 
and demographic information.
Exclusion criteria were applied: 
• Inaccessibility to full text.
• Articles no affording drug therapy of depression in PD.
• Lack of relevant clinicopathological data.
• Non-original studies (i.e., editorials, letters, conference 

proceedings, book chapters).
• Non-/Spanish/Portuguese/English studies.
The papers that were not thoroughly assessed were 
removed.
Data extraction and quality assessment

The studies’ quality assessment, including applicability 
concerns and risk of bias, was categorised as good, 
poor, fair, or reasonable, in agreement with the National 
Institutes of Health criteria and The Quality Assessment 
of Diagnostic Accuracy Studies version 2 (QUADAS-2) 
evaluation. Quality evaluation was made separately by 
both authors, and disagreements were resolved by scientific 
discussion and final agreement.
Data collection, extraction, and bias assessment 

All abstracts and titles with the inclusion criteria were 

revised by two authors before being cited to collect 
relevant information for the review. For each publication 
selected in the review, data on the author’s name, age, year 
of publication, country of the information source, type of 
study, total number of cases included, and treatment of 
depression in PD patients were collected. The selected data 
from eligible publications were entered into an updated 
Excel spreadsheet.
Outcome measures

Our plan was to select the most relevant publications on 
the therapy of depression in PD. This investigation also 
identified novel therapies for enteric nervous system 
disorder and pathogenesis of depression based on habenula 
dysfunction.
Statistical analysis 

Statistical analysis was performed using XLSTAT (add-on 
for Microsoft Excel, version 2021.4.1, Addinsoft SARL 
and RStudio (version 4.3.1, https://www.rstudio.com/).

Results and Discussion
Literature search
Searching the literature retrieved 1563 articles. After 
reviewing the titles and abstracts, 911 duplicate 
publications were removed, leaving 652 publications 
selected. After applying the inclusion/exclusion criteria, 
478 articles were excluded; therefore, 174 studies 
investigated the new therapy of depression in PD. Looking 
for novel information on the relationship among habenula 
dysfunction and depression in of PD, 5 manuscripts were 
selected. For quality assessment, five articles that delivered 
new elements of pathogenesis were included (Figure 1).

Figure 1: PRISMA flow diagram with included publications

To provide an accurate assessment of this search, the 
authors used a QUADAS-2 evaluation to determine that the 
risk of bias was low/moderate for almost all publications. 
The authors considered the substantial technical differences 
observed across diagnostic protocols used in several 

studies.
Noticeably, in some publications, small and mixed cohorts 
were processed, including different types of diagnostic 
procedures, leading to fewer cases examined under the 
same protocol.
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Comments and final remarks

Predictors of depression, according to evidence from 
both cross-sectional and longitudinal studies, include 
factors such as psychiatric (i.e., past or family history of 
depression, cognitive impairment, and rapid eye movement 
behaviour sleep disorder), demographic (i.e., with female 
sex and younger age associated with increased severity of 

depression), PD-related (i.e., longer disease duration and 
motor fluctuations), and functional (i.e., impaired activities 
of daily living and reduced physical activity) other non-
motor (i.e., constipation, pain, upper gastrointestinal 
symptoms, and fatigue) [17-19].
The commonest non-motor symptoms of PD are listed in 
Table 1.

Non-motor symptoms NMS-Q Mean (%) MDS_NMS Mean (%)

Urinary problems 74% 68%

Pain 65% 65%

Fatigue 64% 65%

Sleep problems 62% 63%

Constipation 48% 48%

Cognitive impairment 46% 48%

Depression/apathy 43% 39%

Excessive drooling 35% 33%

Table 1: Frequency of most common non-motor symptoms. NMSs can also be classified according to their pathophysiology or drug therapy

Psychosocial factors play a crucial role in the pathogenesis 
of depression in PD patients. Social connections, access 
to multidisciplinary care, spiritual well-being, and stable 
employment may be protective [20-22]. Related to impulse 
control disorders, there is combined evidence for its 
association with REM sleep disorder [23-25], low education 
level, male sex, older age, and cognitive impairment [26], 
mainly executive dysfunction [27]. The increasing severity 
of PD and depression is independently associated with the 
future occurrence of apathy [28,29].

Brief comments on drug therapy follow in this section

Unfortunately, only a small number of randomised 
controlled trials of antidepressants for depression have 
been performed [30].
For many decades, research on the neuropsychiatry of 
Parkinson’s disease has focused on psychopharmacology, 
whereas non-pharmacological interventions (e.g., 
psychotherapy or exercise) have received increased 
attention only since 2019 [31].
Alternative treatments for depression in PD include 
serotonin-norepinephrine reuptake inhibitors, selective 
serotonin reuptake inhibitors, and tricyclic antidepressants. 

However, no class has significantly impacted motor 
function, and rasagiline, a reversible selective monoamine 
oxidase B inhibitor, has shown poor benefits as monotherapy 
for PD depression [32-34].
Pramipexole might provide a mood benefit, although the 
effect size appears small. Despite new drugs such as nabilone 
(a synthetic cannabinoid) showing some alleviation of NP 
manifestation in PD, we believe that randomised controlled 
trials are needed before safe and confident administration.
Cognitive behavioural therapy (psychological intervention) 
for depression shows a beneficial effect in PD based on two 
randomised controlled trials of a telemedicine intervention 
performed by phone or web-based video conferencing, 
confirming statistically and clinically significant 
improvements compared with usual care [35,36].
On the other hand, repetitive transcranial magnetic 
stimulation for depression in PD has also delivered good 
results [37,38].
In cases presenting severe or refractory depression, 
electroconvulsive therapy has proven to be quite good 
and well tolerated in patients with PD, with the additional 
improvement of the clinical features of Parkinsonism [39]. 
Clinical classifications of NMSs of PD are listed in Table 2.

Related to the disease process 
or pathophysiology

Dopaminergic, e.g., depression, anxiety, dystonic pain and sleep disorders

Non-dopaminergic, (cholinergic, serotonergic, noradrenergic, glutamatergic, and mixed) e.g., hallucinations, 
urinary problems, cognitive impairment, neuropathic pain

Related to non-motor 
fluctuations

Present only during off periods, e.g., mood disorders, impaired concentration

Present during on periods and worse in off e.g., pain, fatigue, constipation

Related to drug therapy for PD e.g., hallucinations, impulse control disorders, excessive daytime sleepiness

Genetically determined
Dementia or MCI in patients with glucocerebrosidase mutation

Depression and sleep disorders in patients with LRRK-2 mutation

Table 2: Clinical classifications of NMSs of PD
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Other non-pharmacological treatments, such as various 
forms of aerobic training and bright light therapy, contributed 
positively to better outcomes of PD cases with depression.
Several forthcoming clinical trials for depression are still 
focusing on pharmacotherapy (for instance, on nortriptyline 

and escitalopram), psychotherapy (interpersonal therapy and 
telehealth cognitive behavioural therapy), or brain stimulation 
(repetitive transcranial magnetic stimulation and transcranial 
direct current stimulation), as we listed in Table 3 the medical 
management of Parkinson disease and associated mood 
disorders [40,41].

Medication class Examples Primary indication Key clinical considerations 
in PD + Mood disorders

Notable adverse effects/
Cautions

MAO-B inhibitors Selegiline, rasagiline, 
safinamide

Motor symptom adjunct; 
mild antidepressant effect

Can be combined with 
levodopa; avoid combining 
with SSRIs/SNRIs due to 
serotonin syndrome risk

Insomnia, hypertension, 
serotonin syndrome (with 
serotonergic drugs)

Antidepressants (SSRIs) Sertraline, citalopram, 
escitalopram, paroxetine Depression, anxiety

First line for mood 
symptoms; generally 
motor-neutral

Worsened tremor in 
some cases, GI upset, 
hyponatremia, serotonin 
syndrome with MAO-B 
inhibitors

Dopamine agonists Pramipexole, ropinirole, 
rotigotine

Motor symptom adjunct 
or monotherapy in early 
disease

Useful for reducing “off” 
time; may have mild 
antidepressant effect

Impulse-control 
disorders, hallucinations, 
somnolence, mania in 
bipolar patients

Dopaminergic therapy Levodopa/carbidopa, 
benserazide/levodopa Motor symptom control

First line for bradykinesia, 
rigidity, tremor; may 
modestly improve mood; 
adjust dosing gradually

Dyskinesia, nausea, 
orthostatic hypotension, 
hallucinations with long-
term use

COMT inhibitors Entacapone, opicapone, 
tolcapone

Prolong levodopa effect, 
reduce “off” periods

Improves motor 
fluctuations; adjust to 
minimize polypharmacy

Diarrhea, hepatotoxicity 
(tolcapone), dyskinesia

Antidepressants (SNRIs) Venlafaxine, duloxetine Depression, anxiety, pain
May improve energy and 
concentration; modest 
dopaminergic benefit

Tremor exacerbation, 
hypertension, withdrawal 
symptoms

Tricyclic antidepressants 
(TCAs) Nortriptyline, desipramine Depression (refractory 

cases)
Effective but use cautiously 
in older PD patients

Anticholinergic effects, 
arrhythmia, orthostatic 
hypotension

Atypical antipsychotics Quetiapine, clozapine, 
pimavanserin Psychosis, bipolar disorder

Quetiapine and clozapine 
are preferred due to 
minimal motor worsening; 
pimavanserin approved for 
PD psychosis

Sedation, orthostatic 
hypotension, 
agranulocytosis 
(clozapine), QT 
prolongation

Mood stabilizers Lithium, valproate, 
lamotrigine

Bipolar disorder, mood 
stabilization

Lamotrigine preferred for 
minimal motor worsening; 
lithium/valproate may 
exacerbate tremor or 
rigidity

Tremor, ataxia, sedation, 
drug–drug interactions

Anxiolytics Buspirone, clonazepam 
(RBD only)

Anxiety, REM sleep 
behavior disorder

Limited evidence for 
anxiety; clonazepam 
effective for RBD; avoid 
chronic benzodiazepine use

Sedation, falls, cognitive 
impairment, tolerance

Note: MAO-B: Monoamine Oxidase type B; COMT: Catechol-O-Methyltransferase; SSRI: Selective Serotonin Reuptake Inhibitor; SNRI: 
Serotonin–Norepinephrine Reuptake Inhibitor; RBD: REM Sleep Behavior Disorder.

Table 3: The medical management of Parkinson disease and associated mood disorders

Selective monoamine oxidase B inhibitors and 
antidepressants are often orally combined as part of the 
drug therapy for depression in PD patients, and adverse 
events have been reported from a randomised controlled 
trial [42] and a retrospective study [43], confirming that the 
risk for serotonin syndrome is low.
The distribution of different neurotransmitter along to 
some cerebral lobes are listed in table. Brief comments on 
microbial-based therapies for depression in PD Probiotics, 
which are “live microorganisms that, when administered 
in adequate amounts, confer a health benefit on the host,” 

have been confirmed to improve mental health symptoms 
live [44].
Other investigators reported that specific species within the 
Lactobacillus and Bifidobacterium. Genes exert the most 
important effect on alleviating mental health symptoms, 
particularly those associated with anxiety and depressive 
disorders. They also reported that consuming probiotics 
containing Lactobacillus helveticus and Bifidobacterium 
longum reduces anxiety levels and enhances overall mood 
[45].
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Furthermore, Bacillus coagulant MTCC 5856 has been 
shown to improve sleep disturbances and significantly 
relieve depressive symptoms [46]. Notwithstanding, 
prebiotics, known as “non-digestible food components that 
selectively stimulate the growth and activity of beneficial 
microorganisms in the gut”, also provide a good effect on 
mental health [47-49].
A preclinical investigation reported that a fructo-
oligosaccharide prebiotic can alleviate depression in a 
rat model [50]. Likewise, synbiotics, which combine 
prebiotics and probiotics, produce a synergistic effect on 
mental health outcomes [51].
Zang et al. found that a synbiotic combination, when 
used alongside fluoxetine, played a beneficial role in 
improving depression [52]. On top of that, many medical 
investigations have accurately shown improvements in 
symptoms of anxiety and depression after administrations 
of specific probiotic strains [53-55].
Brief comments on psychobiotics and next-generation 
probiotics

Psychobiotics are a type of probiotic that can provide 
benefits to cognition, mood, and behavioural responses, 
among other mental health functions, when administered at 
adequate and appropriate doses [56,57].
Therefore, psychobiotics represent a subset of probiotics 
characterised by their capacity to interact with the gut-brain 

axis, modulating stress, mood, and overall mental well-
being. Other authors reported that some types of strains of 
bacteria belonging to the Streptococcus, Escherichia, the 
genera Lactobacillus, Bifidobacterium, and Enterococcus 
can modulate GBA and improve mental health [58].
Other investigators have documented that psychobiotics 
alleviate depression and/or anxiety by enhancing mental 
well-being and overall mood [59].
The pharmacological function of psychobiotics is 
multifaceted, modulating 5-HT and GABA, reducing pro-
inflammatory cytokines, and exerting remarkable control 
over the HPA axis, regulating stress responses, as has been 
confirmed by other investigators [60].
On top of that, some strains, such as Lactobacillus 
plantarum PS128 (psychobiotics), can improve dopamine 
metabolism and modulate norepinephrine production [61].

Brief comments on Faecal Microbiota Transplantation 
(FMT)

FMT is a medical procedure that reestablishes a balanced, 
healthy gut microbiota by introducing faecal material from 
a healthy donor into a recipient. After restoring microbial 
balance between Firmicutes and Bacteroidetes in the 
gut, it improves both gastrointestinal function and brain 
health [62,63]. Therapeutic strategies targeting microbial 
dopamine metabolism are shown in Figure 2.

Figure 2: The figure show faecal microbiota transplantation

FMT can more directly restructure microbial communities; 
pilot PD studies suggest safety and preliminary efficacy 
but require standardised, adequately powered trials before 
routine implementation [62,63].

Brief comments on the role of acupuncture in PD with 
depression

It has been shown that acupuncture increases BDNF, 
thereby improving neuronal function in patients with 

depression by regulating miRNAs, modulating the p11/tPA/
BDNF signalling axis, and enhancing miR-16 expression in 
the hippocampal formation and the median raphe nucleus. 
This procedure also increases BDNF levels to enhance 
neural plasticity, survival, NSC proliferation, and neuronal 
differentiation via BDNF downstream signalling, including 
PI3K/AKT, MAPK/ERK, and PLCγ, thereby alleviating 
depression (Figure 3) [64].

Figure 3: Therapeutic strategies targeting microbial dopamine metabolism
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Neural activity in the basal ganglia, mainly the subthalamic 
nucleus, has been linked to depression in patients with 
PD. Nevertheless, the main role of the pallidum in its 
pathogenesis remains unknown. Because PD patients with 
severe depression symptoms have elevated beta (13–30 
Hz) power compared to patients without depression and 
based on an association of depression with high beta (20–
30 Hz) power, it has been considered that pallidal beta 
power is a potential biomarker of depression in PD, which 
supports Deep Brain Stimulation (DBS) therapy to improve 
depression in PD [65].
Therefore, DBS targeted to the Subthalamic Nucleus (STN) 
or the pallidum (specifically the Globus Pallidus internus 
(GPi) is part of the treatment for PD cases presenting 
refractory motor symptoms and induces improvement 
in depression, mainly in the short term [66-68]. Liu and 
colleagues established a complex reciprocal association 
between depression/anxiety-like behaviours and A53T 
α-syn overexpression in PD. They also confirmed that 
CRS-induced affective disturbances worsen by α-syn 
propagation. Despite hyperactivity, A53T α-syn alone 
does not modify susceptibility to CRS-induced depressive 
behaviours in animals; the addition of PFF injection 
increases these behavioural phenotypes, highlighting the 
necessity of α-syn propagation for symptom aggravation. 
Therefore, there is a reciprocal association between 
depression-like behaviours and α-syn pathology in PD, and 
it seems that these factors interact dynamically, and their 
coexistence leads to worsening of the disease outcome [68]. 
On the other hand, modulation of c-Fos expression through 
the inhibitor T5224 mitigated both behavioural deficits 
and α-syn spread, suggesting its therapeutic effect on PD 
depression, while mGluR5 contributed to this interplay 
later, underscoring the central role of neuronal activity in 
enhancing quality of life [69].
Luk et al. reported that CRS facilitate α-syn propagation, 
suggesting PD progression, and accelerated PFF-induced 
dopaminergic neurodegeneration, while PFF administration 
alone did not cause significant loss of TH-positive neurons 
in the substantia nigra [70].
Although SSRIs and SNRIs are first-line choices for 
depression in PD, quetiapine or clozapine are strongly 
preferred to treat associated psychosis, which is necessary, 
plus non-pharmacologic therapies, including structured 
exercise, cognitive behavioural therapy, and patient–
caregiver education, to enhance mood, function, and 
quality of life and diminish risks of side effects [71]. 
Other modalities of non-pharmacological interventions 
procedures are shown in table.
We highlighted structured exercise programs, including 
aerobic, resistance, and stretching exercises, plus 
physiotherapy, to provide additional reductions in 
psychological distress [72,73].

Additional comments on depression therapy in PD

As we cited before, Selective Serotonin Reuptake 
Inhibitors (SSRIs) such as citalopram, escitalopram, 
paroxetine, fluoxetine, and sertraline, as well as 

Serotonin–Norepinephrine Reuptake Inhibitors (SNRIs) 
like venlafaxine, are confirmed as the first-line drugs to 
treat depression and anxiety. While, nortriptyline and 
desipramine (tricyclic antidepressants) have shown good 
efficacy in PD-related depression despite carrying a higher 
risk of orthostatic hypotension, anticholinergic side effects, 
and cardiac conduction abnormalities, mainly in older PD 
patients, being even worse in those cases with an associated 
autonomic dysfunction [71].
The same investigators recommended bupropion 
(norepinephrine–dopamine reuptake inhibitor) based on 
its dopamine-enhancing properties despite its side effect 
of enhancing tremors. Selegiline and rasagiline (MAO-B 
inhibitors) are quite good at controlling depressive 
symptoms in PD [74].

However, the combination of MAO-B inhibitors with 
SNRIs, SSRIs, or TCAs can increase the risk of serotonin 
syndrome [74-77].
It’s quite important to consider that dopamine agonists 
and levodopa can exacerbate impulse-control disorders, 
psychosis and trigger mania in bipolar patients. van der 
Marck et al. reported that cases managed by a specialist 
multidisciplinary team showed remarkable improvements 
in quality of life, motor function, depression, and 
psychosocial functioning, and reduced caregiver strain, 
compared with those receiving only standard neurologist 
care [78].

Brief comments on gut microbiota-targeted therapies

PD is increasingly recognised as a gut-brain disorder [79].

Probiotics are gaining increasing attention in the treatment 
of neurodegenerative diseases, including the management 
of constipation in PD patients (Figure 3) [80].
Two independent groups of investigators have reported 
that Lactobacillus reuteri and Bifidobacterium longum 
can modulate electrophysiological effects on intestinal 
propulsion and enteric neurons, potentially enhancing 
motility effects relevant to PD [81,82].
And Brun et al., confirmed that Saccharomyces boulardii 
induces enteric neurodegeneration and inflammation in an 
experimental model of inflammatory bowel disease [83].
Collectively, these findings highlight probiotics as a 
promising strategy for modulating the ENS and gut 
microbiota in PD.
In PD animal models, FMT modulated intestinal 
permeability, prevented dopaminergic neuronal loss, altered 
microbiota composition, inhibited α-synuclein aggregation 
in the brain, and restored striatal neurotransmitter levels, 
thereby improving outcomes in PD patients [84,85].
Depression is the most common psychiatric disorder 
observed in Parkinson’s Disease (PD) patients [86].

Brief comments on other therapeutic perspectives

Therapeutic strategies targeting microbial dopamine 
metabolism combine dietary approaches, selective 
enzyme inhibition, microbiota modulation, and precision 
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frameworks, moving toward mechanism-based, 
microbiome-informed care [87].
Ketamine is an NMDAR antagonist, classically used as an 
anaesthetic drug, which has a remarkable antidepressant 
effect [88-91].
Probiotics and prebiotics are the most feasible options; 
Lactobacillus/Bifidobacterium formulations improve 
quality of life and gastrointestinal symptomatology in PD 
[92].
High-fibre diets increase SCFA production, which can 
influence dopaminergic signalling, while polyphenol-rich 
diets may inhibit microbial decarboxylase activity involved 
in L-DOPA degradation [93,94].
Specific approaches integrating metabolomics, microbiome 
sequencing, and pharmacokinetics may enable stratified 
adjuncts (diet/probiotics/enzyme inhibition) aligned with 
individual microbial and metabolic profiles (Figure 3) [95-
97]. 

Brief comments on modulating neuroplasticity

Neuroplasticity is the adaptive structural and functional 
reorganisation of neural circuits in response to physiological 
and environmental stimuli. Adult Hippocampal 
Neurogenesis (AHN)—characterised by the sustained 
proliferation, differentiation, and functional integration of 
newborn neurons within the dentate gyrus—constitutes a 
core mechanism of neural plasticity. This complex process 
begins with Neural Stem Cell (NSC) expression in the 
Subgranular Zone (SGZ), proceeds through neuroblast 
maturation, and culminates in the synaptic integration of 
granule cells into hippocampal circuits.

Therefore, AHN modulate cognitive and affective 
regulation, with its impairment directly linked to 
neuropsychiatric disorders, including depression [98,99].

Brief comments on psychedelic drug therapy

Psychedelic therapy (also known as psychedelic-assisted 
therapy is a variety of mental health therapy that combines 
psychedelic substances with psychotherapy to address 
conditions like depression, administering MDMA, LSD, 
mescaline, psilocybin, DMT, and ibogaine. The last one 
has been used to treat neuropsychiatric disorders with 
good results by acting on NMDA receptors, the MHb–IPN 
axis, neurotrophic signalling, dopaminergic salience, and 
monoaminergic systems [101,102].

The pharmacokinetic mechanism of ibogaine differs from 
classical psychedelics, such as psilocybin and mescaline, 
because the latter two mainly exert their effects through 
serotonergic 5-HT2A receptor agonism and do not directly 
modulate habenular nuclei or striatal dopaminergic 
signalling [102-105].

Noribogaine is the primary active metabolite of ibogaine, 
and both share a common indole alkaloid scaffold but differ 
by O-demethylation at the methoxy substituent (R=CH3 for 
ibogaine; R=H for noribogaine).

Brief comments on the role of the habenula in the 
pathogenesis of depression in PD

The Habenula (Hb) from a phylogenetic point of view is 
part of the epithalami structure and contains two nuclear 
complexes, the Lateral habenula (LHb) and the Medial 
(MHb) is located in the habenula triangle (in the posterior 
part of the diencephalon, just anterior to the pineal gland) 
and connects with the limbic system, with autonomic 
functions and emotional drives. It also integrates fronto-
limbic and brainstem signals to regulate mood, motivation, 
and reward processing [106].

The Input and output connectivity pathways of the habenula 
to other regions are shown in Figure 4.

Figure 4: Shows a new hypotheses on the functional connectivity of the habenula through upregulate (U) and (D) downregulate connections with the 
following regions of the brain: 1. Medial septal group (Medial septal nuclei, Vertical diagonal band), 2. Nucleus basalis de Meynert, horizontal diagonal 
band of Broca, 3. Right amygdala (U), 4. Lef parahippocampal gyrus (U), 5. Pontine cholinergic system (interpeduncular nuclei, laterodorsally tegmental 
nuclei, pedunculopontine tegmental nuclei, pontine reticular nuclei), 6. Dorsal Rafe nuclei, 7. Posterolateral aspect of pars compacta of substantia nigra, 8. 
Medial habenula nucleus, 9. Lateral hypothalamus, 10. Dorsolateral precentral frontal cortex, 11. Anterior cingulate cortex (D), 12. Right precentral gyri 
(U), 13 Right postcentral gyri (U/D), C: Cerebellum (D), T: Thalamus (D), VTA: Ventral Tegmental Area (D). All the elements working on the 
pathophysiology of dysfunctional habenula are listed in the middle of the figure and the chemical structure of the Ibogaine and noribogaine drugs working 
on those before-cited elements are also shown.
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The MHb exerts a remarkable downregulation of 
Calcium-dependent Activator Protein for Secretion 2 
(CAPS2) and deficits in nicotinic acetylcholine receptor-
mediated signalling. On the other hand, LHb, dysregulated 
expression of the inward-rectifying potassium channel 
Kir4.1, Protein Phosphatase 2A (PP2A), the β isoform 
of Calcium/calmodulin-dependent protein kinase II 
(CaMKIIβ), and the small nucleolar RNA SNORA69 
have been confirmed in animal models of depression. The 
left and right habenula nuclei are interconnected through 
the habenular commissure (white matter tract located on 
either side of the midline). The MHb is mainly composed 
of cholinergic neurons and substance P-ergic cells, 
characterised by small, round neurons densely packed 
together. The MHb predominantly receives cholinergic and 
Gamma-Aminobutyric Acid (GABA) inputs from the locus 
coeruleus, the diagonal band of Broca, the medial septum, 
and dopaminergic input from the Ventral Tegmental Area 
(VTA) and the superior cervical ganglion. Same authors 
reported that the Interpeduncular Nucleus (IPN), which is a 
structure located along the ventral midline of the midbrain, 
receives output from the MHb via the projection of the 
fasciculus retroflexus and it (IPN) projects to brainstem 
areas that regulate neurotransmitter production, including 
the VTA, the dorsal tegmental nucleus, and both dorsal and 
medial raphe nuclei. Moreover, MHb primarily receives 
signals from the septum (limbic system) and relays this 
information downstream to the brainstem via the IPN. 
The LHb receives input from the limbic system and the 
basal ganglia and regulates neurotransmission to the 
brainstem. Via glutamatergic projections, the LHb provides 
hyperexpression on GABAergic neurons in the RMTg, 
blocking dopaminergic neurons in the SNc and VTA, while 
also sending direct inputs to the VTA and DRN/MRN 
[106]. The same authors confirmed that disruptions in 
some proteins (ErbB4 and NRG1) in parvalbumin-positive 
neurons are involved in the development of depression.
Currently, the LHb activity is the main factor in the 
pathogenesis of major depressive disorder. Hb links basal 
forebrain structures with monoaminergic nuclei in the mid- 
and hindbrain, and it’s involved in the regulation of the pars 
compacta of the substantia nigra dopamine release. On the 
other hand, LHb/MHb are interconnected with the median 
and dorsal raphe nucleus and play a crucial role in the 
pathogenesis of depression. We hypothesised that Ibogaine 
might exert a strong control on the Hb and may improve 
depression. Notwithstanding, ibogaine can also modulate 
opioid, glutamatergic, nicotinic, and monoaminergic 
systems, as well as neurotrophic signalling pathways, 
which are remarkably involved in synaptic plasticity and 
dopaminergic homeostasis [107,108].
Ibogaine administration modifies GDNF and 
BDNF expression in the cerebral areas involved in 
mesocorticolimbic and nigral dopaminergic circuits and 
plays an important role in the reconfiguration of addiction-
related circuitry, accompanied by a window of enhanced 
plasticity that may facilitate sustained behavioural change 
[109].

Conclusion
We only found five articles affording new drugs therapeutic 
approach to depression in PD, but no one reported novel 
hypotheses regarding psychedelic drug therapy for 
depression in PD due to habenula dysfunction.
We hypothesised that the administration of ibogaine may 
contribute to modifying the habenular dysfunction leading 
to a better control of depression in PD. To the best of our 
knowledge, this is the first attempt to propose a novel 
therapeutic drug for depression in PD patients based on 
the correction of habenular disturbance by administering 
ibogaine. However, a well-designed randomised clinical 
trial must be done to prove or reject our hypotheses.
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