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Abstract  
This critical review of the literature shows that there is a close link between the microbiome, the gut, 
and the brain in Parkinson’s disease. The vagus nerve, the main component of the parasympathetic 
nervous system, is involved in the regulation of immune response, digestion, heart rate, and control 
of mood. It can detect microbiota metabolites through its afferents, transferring this gut information 
to the central nervous system. Preclinical and clinical studies have shown the important role played 
by the gut microbiome and gut-related factors in disease development and progression, as well as 
treatment responses. These findings suggest that the gut microbiome may be a valuable target for 
new therapeutic strategies for Parkinson’s disease. More studies are needed to better understand the 
underlying biology and how this axis can be modulated for the patient’s benefit.
Key Words: alpha-synuclein; enteric microbiota; gastrointestinal tract; Parkinson’s disease; vagus 
nerve 

Introduction 
Parkinson’s disease (PD) is a chronic, progressive disorder characterized by 
the degeneration of midbrain dopaminergic neurons, leading to widespread 
alpha-synuclein (α-syn) accumulation. The α-syn is a soluble protein found 
in physiologic conditions in the brain and it is involved in neurotransmission, 
participating in synaptic vesicle exocytosis, regulation of synaptic plasticity, 
and maintenance of the synaptic cytoskeleton (Mavroeidi and Xilouri, 2021). 
However, misfolded α-syn forms aggregates and deposits typically in the 
substantia nigra and related neurocircuits, in the form of Lewy bodies and 
Lewy neurites, leading to neuronal loss and resulting in motor symptoms such 
as bradykinesia, resting tremor, rigidity, and postural instability (Warnecke 
et al., 2022). Additionally, α-syn aggregates have been found in the enteric 
nervous system of PD patients contributing to the development of non-motor 
symptoms notably gastrointestinal issues (Pfeiffer, 2018; Bloem et al., 2021; 
Klann et al., 2022).

The microbiome-intestine-brain axis is a two-way communication pathway 
between the gut microbiome, the gastrointestinal tract, and the peripheral 
and central nervous systems (CNS) (Mörkl et al., 2020). The means they 
interact include the vagus nerve, the endocrine, and the immune systems 
(Arneth, 2018). It has been acknowledged that the gut microbiota affects 
the production of neurotrophic factors, modulates inflammation, and the 
production of pro-inflammatory cytokines, T cells, and B cells, therefore 
playing a role in the myelination process, and microglial activation (Lobo et 
al., 2023). For this reason, it might influence behavior and cognition and is 
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becoming increasingly linked to the risk and advancement of diseases related 
to the nervous system and mental health (Cryan et al., 2020; Fang et al., 
2020).

The non-motor symptoms, in particular the gastrointestinal ones, have been 
found to come before the movement symptoms that support the diagnosis of 
the disease, implying the involvement of the microbiome-intestine-brain axis 
in the mechanisms that lead to PD (Chao et al., 2020). Studies have indicated 
that synucleinopathy may begin in enteric tissue and reach the brain through 
innervating autonomic fibers (Challis et al., 2020).

The communication between gut-brain during the development of PD is 
believed to be largely impacted by the changes in the activity of bacterial 
metabolites and the disruption of microbial balance (dysbiosis) in the gut 
(Tan et al., 2021; Willyard, 2021). Recently, increasing evidence suggests a 
significant role for gut-related processes in PD. Here, we provide a critical 
evaluation of the evidence from clinical and preclinical studies that implicate 
gut-related processes in the development, progression, and treatment of PD.

Search Strategy and Selection Criteria
A narrative literature review was conducted according to a systematic review 
method based on PubMed (Medline) Database. The English-language-based 
studies were retrieved using the following medical subject headings (MeSH): 
“Parkinson’s disease” AND “gut-brain axis” “gastrointestinal dysfunction” AND 
“gut microbiota”. The authors undertook a systematic search of PubMed/
Medline peer-reviewed studies (impact factor greater than or equal to two) 
published in the last 10 years (2015 to 2023). Only studies that exclusively 
evaluated the role of the gut-brain axis in PD with a focus on the gut 
microbiota and spreading of misfolded alpha-synuclein were included in this 
review. Review studies, comments, perspectives, editorials, or other research 
that did not provide original or unpublished results were excluded.

How the Microbiome-Gut-Brain Axis Influences 
Parkinson’s Disease  
The gut harbors a high diversity of microorganisms, encompassing beneficial 
and pathogenic species, which interact with the enteric nervous system 
(Boyajian et al., 2021). It is the commensal bacterial richness and diversity 
that favors physiological processes and contributes to overall host health 
(Belizário et al., 2018).
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The gut microbiota is thought to facilitate human metabolism through its 
enzymatic activity and metabolic pathways, assisting in digestion, synthesis 
of vitamins and other nutrients, and elimination of toxic substances (Belizário 
et al., 2018). It can also help to maintain the integrity of the intestinal barrier, 
inhibit pathogens, and support the metabolism of drugs and toxins (Fan 
and Pedersen, 2021). Moreover, the gut microbiome can regulate the host 
immune response by producing metabolites, such as short-chain fatty acids, 
which modulate the activity of the immune system, including microglia, either 
suppressing or stimulating its response (Erny et al., 2015).  

An imbalance in the gut microbial flora, characterized by a disruption of 
beneficial and harmful bacteria as well as a decrease in bacterial diversity, can 
result in dysbiosis and subsequent illness (Wallen et al., 2022). Dysbiosis can 
lead to a disruption of tight junction proteins, increasing the permeability of 
the intestinal wall, as well as an overproduction of pro-inflammatory cytokines, 
such as tumor necrosis factor-α and interleukin-6. Furthermore, bacterial 
endotoxins, such as lipopolysaccharide, can activate Toll-like receptors and 
trigger inflammatory responses (Yang et al., 2022). Additionally, it has been 
linked to impaired nutrition and immune responses (Srivastava et al., 2021). 

It is noteworthy that dysbiosis may also influence the onset and progression 
of several diseases, such as diabetes, inflammatory bowel disease, autism, 
and PD through evidence from a variety of studies in both human and animal 
models (Fan and Pedersen, 2021; Fritsch et al., 2021; Tan et al., 2021; Wang 
et al., 2021). Recent research has highlighted changes in the gut microbiota in 
various animal models of PD, including neurotoxin models, such as that using 
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine administered intraperitoneally 
(Pu et al., 2019; Xie et al., 2020) or subcutaneously (Lai et al., 2018; Zhu 
et al., 2020); rotenone administered orally (Bhattarai et al., 2021) or by 
intraperitoneal injection (Johnson et al., 2018). Those models have been 
demonstrated to produce changes in gastrointestinal tract physiology, 
including disruption, local neuronal loss, and classical motor symptoms, as 
well as dopaminergic cell death in sick rodents compared to the control group 
(Perez-Pardo et al., 2018; Xie et al., 2020). In several of them, dysbiosis and 
gastrointestinal symptoms have been observed prior to the onset of motor 
features (Lai et al., 2018; Ghaisas et al., 2019; Baizabal-Carvallo and Alonso-
Juarez, 2020). 

In a meta-analysis conducted by Gerhardt and colleagues (Gerhardt and 
Mohajeri, 2018) that included 642 PD patients and 531 healthy controls, it 
was found that alterations in the colonic composition were associated with 
PD and other neurodegenerative diseases (Figure 1). A number of studies 
have reported consistently higher abundances of phyla Actinobacteria and 
Verrucomicrobia, and lower abundances of phyla Firmicutes and Bacteroides, 
as being of importance for PD (Scheperjans et al., 2015; Bedarf et al., 2017; 
Petrov et al., 2017; Gerhardt and Mohajeri, 2018). Despite large individual 
differences in microbiota composition, a microbiota with a stable composition 
consisting of high levels of Bifidobacteria and Bacteroidides, and low levels 
of Firmicutes and Proteobacteria, is typically associated with low levels 
of lipopolysaccharide and is considered to be indicative of a healthy gut 
epithelium. However, the microbiota of PD patients often differs from this, 
with similarities to that found in patients with inflammatory bowel disease 
(Baizabal-Carvallo and Alonso-Juarez 2020). 

Patients with REM sleep behavior disorder or depression, who are at risk 
of developing PD, have been observed to have a dysbiotic gut microbiota, 
similar to that seen in PD patients (Heintz-Buschart et al., 2018; Eicher and 
Mohajeri, 2022; Mitrea et al., 2022). Furthermore, individuals with diabetes, 
which is also a risk factor for PD, have been found to have an altered gut 
microbiome relative to healthy individuals (Manos, 2022). This implies a 
potential association between changes in the intestinal microbiota and the 
emergence of motor signs in PD. However, the association between the gut 

microbiota composition and motor symptoms in PD remains to be further 
explored, and there is currently no conclusive evidence (Tetz et al., 2018; 
Chiang and Lin, 2019). Recent studies indicate a relationship between PD and 
a decrease in the diversity and richness of gut bacteria (Tetz et al., 2018). 
Moreover, a preliminary study suggests that the worsening of motor and non-
motor symptoms may be associated with a rapid decrease in gut microbiota 
variability (Minato et al., 2017). 

The Roles of Vagus Nerve in Parkinson’s Disease 
The vagus nerve, as part of the parasympathetic nervous system, serves 
several physiologic functions, including regulating immune responses, 
digestive processes, heart rate, and more recently, mood control (Breit et al., 
2018). It can detect microbiota metabolites via its afferents, transferring this 
gut information to the CNS. A cholinergic anti-inflammatory pathway has been 
identified through the vagus nerve, which is capable of reducing peripheral 
inflammation and decreasing intestinal permeability, potentially altering the 
composition of the microbiota (Bonaz et al., 2018).

The human body hosts a large and varied microbiota in the gut, and the 
vagus nerve is its most extensive and intricate nerve; both are essential for 
maintaining homeostasis (Han et al., 2022). The Braak hypothesis proposes 
that α-syn pathology could be propagated from the gastrointestinal tract to 
the brain via the vagus nerve. This idea is corroborated by a mouse model of 
gut-to-brain α-syn transmission, wherein preformed fibrillar forms of α-syn 
were injected into the duodenal and pyloric muscularis. Additionally, clinical 
studies conducted in vivo have provided evidence to support further the 
Braak hypothesis, expanding its implications beyond idiopathic PD (Kim et al., 
2019; Donlon et al., 2021).

Nevertheless, this hypothesis still lacks corroborative evidence. Autopsy 
studies have suggested the absence of pathologic forms of α-syn in the 
stomach or other GI locations without it being present in the brain. 
Furthermore, these studies have not focused on the proposed gut-to-brain 
conduit itself, the vagus nerve, but on the GI tract. These authors postulate 
that pathology appears in the CNS first, with a subsequent spread to the 
PNS at a premotor stage (Beach et al., 2021). Borghammer et al. (2022) 
propose that there is more than one prodromal subtype of α-synucleinopathy, 
including a clinical subtype that tends to manifest parkinsonism prior to REM 
sleep behavior disorder and constipation.

Alpha-synuclein is a vital protein for synaptic plasticity, promoting synaptic-
vesicle fusion and trafficking on cellular pathways. It is primarily a monomer 
located in the cell cytosol that, under pathological conditions, forms 
neurotoxic aggregates (Riederer et al., 2019; Schaeffer et al., 2020). Abnormal 
α-syn inclusions are seen in peripheral organs such as the GI tract, the heart, 
and the adrenal gland up to two decades before the appearance of motor 
signs (van den Berge et al., 2021). Consequently, non-motor symptoms have 
been linked to the preclinical stage of PD, including fatigue, depression, sleep 
disturbances, olfactory dysfunction, and cognitive deficits (Zesiewicz, 2019; 
Hustad and Aasly, 2020). 

It has been postulated that misfolded alpha-synuclein can propagate in a 
prior-like manner through the enteric nervous system and the autonomic 
nervous system to the CNS (Braak et al., 2003). In rodent studies, the spread 
of preformed α-syn fibrils injected into gastric muscle layers to the brain was 
prevented by truncal vagotomy (Jo et al., 2022). Supporting this hypothesis, 
vagotomy has been associated with a diminished risk of developing PD 
(Svensson et al., 2015). Recent in vivo imaging research has shown that 
patients in the prodromal phase of PD exhibit initial damage to the peripheral 
autonomic nerves, before propagating rostrally toward the brainstem 
(Knudsen et al., 2018). Accordingly, new studies have linked inflammatory 

Figure 1 ｜ Major changes observed in the gut microbiota in patients with Parkinson’s disease (Adapted from Gerhardt and Mohajeri, 2018). 
Several processes may predispose to alpha-synuclein misfolding: environmental influences, interactions between the epithelial-mucosa, neuroglia, immune interactions, 
immunosenescence, and genetic predisposition. Environmental and genetic factors interact in a bidirectional manner, although the exact role of each remains unclear as they tend 
to overlap and progress in molecular “loops” (adapted from Claudino dos Santos et al., 2023). GBA: Beta-glucocerebrosidase producing gene; HIV: human immunodeficiency; HLA: 
human leukocyte antigen; HSV1: human herpes virus; IBD: intestinal bowel disease; LRKK2: leucine-rich repeat kinase 2; PINK-1: PTEN- induced kinase 1; SNCA: α-synuclein producing 
gene. Created using BioRender.com. 



NEURAL REGENERATION RESEARCH｜Vol 18｜No. 12｜December 2023｜2613

NEURAL REGENERATION RESEARCH
www.nrronline.orgReview

bowel diseases and PD supporting the idea that gastrointestinal inflammation 
may play a role in the development of PD (Villumsen et al., 2019; Rolli-
Derkinderen et al., 2020). 

Alpha-synuclein aggregates accumulating in the pars compacta of the 
substantia nigra are seen to accompany the emergence of cardinal motor 
symptoms in PD, and thus, these protein aggregates are thought to play a 
key role in the pathophysiology of PD. However, the disease also manifests 
several non-motor symptoms, one of the most frequent being gastrointestinal 
symptoms experienced by around 80% of PD patients showing evidence 
of further alpha-synuclein pathology in the GI tract (Schaeffer et al., 2020; 
Terenzi et al., 2022). Pre-motor symptoms such as constipation not only play 
an important role in the patient’s quality of life, but also compromise the 
treatment and prognosis of the disease, hindering medication absorption. 

It is of great importance to be able to identify α-syn aggregates in the 
gastrointestinal tract and vagus nerve, such as through biopsies, in order to 
further elucidate the pathophysiology of PD, distinguish subgroups of patients, 
and propose more precise and early treatments. For this, it is necessary to 
gain a more extensive understanding of the physiological and pathological 
forms of α-syn, to devise reliable methods to identify them, including its 
aggregation pathways and predisposing environmental and individual factors 
(Schaeffer et al., 2020) .  

Therapeutic Strategies in Parkinson’s Disease 
with a Focus on the Gut-Brain Axis 
The absence of modifying therapeutic approaches for PD is likely due to its 
multifaceted etiology that has yet to be fully elucidated (Zhu et al., 2022). 
Existing PD interventions are mainly centered on symptom relief, such as 
levodopa, which acts by replenishing dopamine, yet may result in a variety 
of side effects ranging from nausea, vomiting, constipation, headache, 
and somnolence to hallucinations, agitation, restlessness, and involuntary 
movements (Cenci et al., 2022). Considering that over 80% of those diagnosed 
with PD have a 10-year prognosis of death or severe disability restrictions, it 
is essential to find curative treatments that surpass symptom management. 
Currently, there is an urgent need for research into ways to stop, prevent, or 
reduce the progression of PD (Zhu et al., 2022).

Impairments caused by dysbiosis, such as increased intestinal permeability, 
altered immune responses, and inflammation, are theorized to play an 
important role in the development of PD pathology. The interplay between 
the microbiota, the intestine, and the brain highlights the importance of 
microbiome modulation in future therapeutic approaches (Metta et al., 2022; 
Tansey et al., 2022).

For this reason, modulating the gut microbiota has been proposed by the 
current research as a novel therapeutic strategy, enlightened by new findings 
from studies in animal models and human subjects about the pathogenesis 
of neurodegenerative disorders. There is growing interest in the potential 
role of changes in gut microbiota composition in the onset of alpha-synuclein 
pathology in PD (Keshavarzian et al., 2020). Various approaches such as simple 
dietary modifications, use of probiotics, as well as psychobiotics, prebiotics, 
synbiotics, and postbiotics, consumption of Chinese herbs, and even fecal 
microbiota transplantation have been proposed as an effort to counteract the 
negative effects of dysbiosis and slow the progression of PD (Zhu et al., 2022).

The consumption of probiotics containing Bifidobacterium bifidum, 
Lactobacillus acidophilus, Lactobacillus fermentum, and Lactobacillus reuteri 
has been proposed to improve some symptoms in PD patients (Tamtaji et 
al., 2019). A study conducted by Ibrahim et al. (2020) demonstrated that, 
following 8 weeks of probiotic administration, PD patients with constipation 
experienced an improved bowel transit time and an increased frequency 
of bowel opening. This finding was corroborated by Tan et al. (2021), 
who showed that spontaneous bowel movements escalated following 
probiotic treatment. Moreover, Alipour et al. (2020) discussed a probiotic 
cocktail composed of Bifidobacterium bifidum, Lactobacillus fermentum, 
Lactobacillus acidophilus, and Lactobacillus reuteri, which was found to 
enhance apomorphine-induced rotational behavior and spatial memory in a 
6-hydroxydopamine-induced animal model PD (Alipour Nosrani et al., 2021).  

Prebiotics, mainly non-digestible fibers, have been employed to reduce 
the severity of gastrointestinal dysfunction and allergic disorders, among 
others (Manzoor et al., 2022). A recent study showed that supplementation 
of a fiber-rich diet attenuates motor deficits and reduces alpha-synuclein 
aggregation in the substantia nigra of mice. At the same time, the gut 
microbiome of PD mice reshapes to a healthier profile after prebiotic 
treatment, which also reduces microglial activation and, consequently, 
neuroinflammation (Abdel-Haq et al., 2022).

The progression of PD has been suggested to be associated with gut 
dysbiosis, and restoration of the gut microbiota has been proposed as a 
potentially effective therapeutic option. Restoring the gut microbiota might 
be addressed by fecal microbiota transplantation that is the transplantation of 
gut microbiota from healthy donors into the intestines of PD patients (Chen et 
al., 2021). Given the potential connection between changes in gut microbiota 
composition and different clinical phenotypes of PD, interventions designed to 
alter the gut microbiota, like probiotics and fecal microbiota transplantation, 
have the potential to recover gut dysbiosis, reduce inflammation, and may 
modify the clinical phenotype of PD (Metta et al., 2022).

Conclusion
The gut microbiota has been demonstrated to be a pivotal contributor to 
the promotion of health. Emerging data has indicated that, up to 20 years 
before the onset of motor symptoms, an alteration in the gut microbiome 
may be present in PD patients. This dysbiosis of the gut may lead to increased 
intestinal permeability and inflammation, as well as Lewis body formation, 
and can also cause neuroinflammation and decreased neurotransmitter 
production in the central nervous system. Results from animal studies and 
investigations of human subjects with PD suggest that an imbalance of the 
gut microbiota may exacerbate the pathology of PD, whereas restorative 
strategies, such as dietary alterations, probiotic supplementation, and fecal 
microbiota transplantation, may impede or prevent the progression of 
PD. Nevertheless, the relationships between the gut microbiome and PD 
are still unclear, prompting further efforts to gain a more comprehensive 
understanding of the mechanisms discussed here and to explore their clinical 
implications.
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