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ABSTRACT: The scientific and medical communities are becoming more aware of the substantial relationship 

between the function of the central nervous system (CNS) and the state of the gut environment. Parkinson's 

disease (PD) is a neurodegenerative disorder that affects the nigrostriatal pathway in the midbrain, presenting 

not only motor symptoms but also various non-motor manifestations, including neuropsychiatric symptoms 

and gastrointestinal (GI) symptoms. Over time, our knowledge of PD has progressed from the detection of 

midbrain dopaminergic deficits to the identification of a multifaceted disease with a variety of central and 

peripheral manifestations, with increased attention to the intestinal tract. Accumulating evidence has revealed 

that intestinal disorders are not only the peripheral consequence of PD pathogenesis, but also the possible 

pathological initiator decades before it progresses to the CNS. Here, we summarized recent research findings 

on the involvement of the intestinal environment in PD, with an emphasis on the involvement of the intestinal 

barrier, microbiome and its metabolites, inflammation, and enteric glial cells 
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Parkinson's disease (PD) is the second most common 

neurodegenerative disorder and is dominated by motor 

symptoms. The most common pathological signature in 

the PD brain is the intracellular inclusions containing 

misfolded and aggregated alpha-synuclein (α-syn), also 

known as Lewy bodies, resulting in the loss of 

dopaminergic neurons in the substantia nigra. An 

estimated 25-80% of PD individuals may have 

gastrointestinal (GI) issues, including constipation, 

nausea, dyspepsia, dysphagia, and excessive drooling [1, 

2]. Constipation is the most frequent GI symptom in PD. 

Indeed, GI dysfunctions is one of the most serious non-

motor symptoms of PD, with up to 30% of patients 

suffering from it prior to the start of central nervous 

system (CNS) symptoms [3]. It is extremely likely that the 

GI tract is a key location and origin of pathological change 

in the CNS of PD.  

 

Increased Intestinal Permeability Contribute to 

Parkinson's Disease 

 

The GI tract serves as a semipermeable barrier, allowing 

nutrients, ions, and water to be absorbed while also 

regulating host interaction with a vast range of food 

antigens and bacterial metabolites. Therefore, intestinal 

leakage in PD patients may be a critical early trigger 

leading to the onset and/or development of PD process. 

Lewy bodies appear in the enteric nervous system (ENS) 
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prior to the CNS [4, 5]. Braak was the first to hypothesize 

that pathogens could breach the intestinal epithelial 

barrier (IEB) and cause aggregated α-syn in the ENS, 

which could then spread to the CNS via the vagus nerve 

[6, 7]. In PD mouse models [8] and PD patient samples 

[9], an association between intestinal epithelial 

permeability and aggregated α-syn has been proposed. 

The intestinal barrier consists of intestinal 

microbiota and the outer mucous layer, as well as the 

epithelium and lamina propria [10]. The intestinal 

epithelium forms a regulated barrier between blood 

circulation and intestinal contents. It inhibits the transit of 

toxic substances and promotes nutritional absorption and 

excretion [11]. This barrier can be penetrated through 

transcellular and/or paracellular pathways [11]. Tight 

junctions (TJs), also called zona occludens, play an 

important part in intestinal barrier function, and the 

dysfunction of TJs may lead to increased paracellular 

permeability in the intestinal epithelium (Fig. 1) [12]. TJs 

are generated by transmembrane proteins like claudins 

and occluding, which are coupled to the actin cytoskeleton 

through high molecular weight proteins known as zona 

occludens [12]. Zonula controls intestinal permeability by 

regulating the activity of TJs. Increased zonula 

concentrations have been correlated with GI barrier 

breakdown.  

 

 
 
Figure 1. Intestinal pathological features of PD. (A) Microbiota alterations including the increased pathogens and decreased 

probiotics levels; (B) Decreased levels of SCFAs; (C) TJs barrier impairment leads to an increased intestinal permeability; (D) EGCs 

priming through TLRs activation; (E) Considerable rise of glial marker expression, such as GFAP and S100β; (F) Release of 

inflammatory cytokines; (G) Increased level of LPS; (H) Gut dysbiosis and leaky IEB promote bacterial or LPS translocation; (I) 

Increased expression and aggregation of α-syn. Abbreviation: PD, Parkinson's disease; SCFA, primarily short chain fatty acid; TJs, 

tight junctions; EGCs, enteric glial cells; TLR, toll-like receptor; GFAP, glial fibrillary acidic protein; LPS, lipopolysaccharide; IEB, 

intestinal epithelial barrier; α-syn, alpha-synuclein; TNF, tumor necrosis factor; IL, interleukin. 

The loss of TJ protein increases intestinal 

permeability in the context of intestinal inflammation, 

according to the prevalent theory of "leaky gut" [13]. (Fig. 

1). For the first time, Clairembault et al. showed 

morphological abnormalities of IEB in patients with PD 

[14]. They observed the decreased occludin expression in 

PD individuals was not paralleled by alterations of 
paracellular permeability. There are two possible reasons 

for this, one is that occludin is not necessary to produce 

TJs or maintain the barrier function. Early research found 

no substantial abnormalities in the structure or function of 

intestinal TJs in occludin knockout mice [15]. Another 

possible explanation is that the molecular weight of 

fluorescein-5,6-sulfonic acid employed in the research to 

assess paracellular permeability is only 400 Da, which 

may be too small to detect IEB permeability defects 
caused by downregulation of occluding [14].  
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To date, studies attempting to assess intestinal 

permeability in PD patients have yielded only initial and 

contradictory findings. Davie et al.[16] first discovered 

changes in intestinal permeability in PD patients. They 

found that PD patients had decreased mannitol absorption, 

leading to an elevated lactulose/mannitol ratio, which has 

been used to evaluate small-intestinal permeability. In 

contrast, one study [17] found a slight increase in the 

lactulose/mannitol ratio in three of twelve PD subjects. 

Another study also employed sucralose absorption to 

assess intestinal permeability in nine PD individuals and 

reported no difference in lactulose/mannitol ratio between 

PD subjects and the control group, but PD sufferers had 

considerably higher colon permeability [9]. Clairembault 

et al. also reported no significant difference in intestinal 

permeability between PD subjects and healthy individuals 

[14]. There are three possible reasons that led to these 

inconsistent results. One possibility is that different 

assessment methods yielded inconsistent results. Some 

studies measured intestinal permeability by analyzing the 

concentration of sugar probes in urine. This noninvasive 

method necessitates a high level of patient cooperation. 

Participants were instructed to avoid consuming anything 

that contained similar probe sugars[18]. Other studies 

used endoscopic biopsies in Ussing chambers, which is an 

invasive method for evaluating mucosal permeability 

[19]. One possibility is that their sample sizes were small, 

and the confidence intervals were wide. Aside from 

analysis methods and sample size, the different disease 

stages of the patients included in the studies should be 

considered as a factor causing results inconsistency. The 

symptoms leading to the diagnosis of PD usually begun at 

6 to 171 months before their participation in the studies 

[14, 16, 17]. 

Indeed, PD is associated with increased intestinal 

permeability, which may be considered a contributing 

factor to the development of pathology. The alteration of 

intestinal permeability in the context of disease may be 

attribute to the microenvironmental regulation of 

intestinal barrier function, particularly ENS. 

 

Involvement of Intestinal Microbiota and Their 

Metabolites in Parkinson’s Disease  

 

Changes in intestinal microbiota, of course, may play a 

significant role in the altered intestinal permeability of PD 

patients, as there is convincing evidence indicating the 

interactions between intestinal microbiota and intestinal 

epithelial cells (IECs) (Fig. 1). The ratio of symbiotic to 

pathogenic bacteria can affect the integrity of the 

intestinal barrier [20]. Several studies have found that the 

abundance of Faecalibacterium Prausnitzii and 

Prevotellaceae in PD patients were reduced [20, 21]. 

These microbial alters could play a role in local 

inflammatory changes. In recent study, Dwyer et al. [22] 

discovered that dextran sodium sulphate (DSS)-induced 

(DSS, a toxin commonly used to model colitis) variations 

in microbiota were associated with an augmented 

inflammatory profile. Faecalibacterium Prausnitzii was 

found to have anti-inflammatory and protective effects on 

the IEB [23, 24]. As a result, a reduction of 

Faecalibacterium prausnitzii and an increase of 

Enterobacteriaceae may undermine the IEB, making the 

ENS more vulnerable to intraluminal pathogens. Most 

studies found lower Prevotellaceae populations in PD 

patients [25-27]. This genus is able to be producing short 

chain fatty acids (SCFAs), as well as being linked to 

immune cell activation and the production of pro-

inflammatory proteins. In addition, Prevotella reduction 

may be connected with decreased synthesis of mucin, 

which is related to increased intestinal permeability [9]. 

Many studies have discovered that PD mice also have 

intestinal microbial dysbiosis [28]. Furthermore, they 

discovered that fecal microbiota transplantation (FMT) 

alleviates GI and motor symptoms by reducing intestinal 

microbial metabolic disorders [28, 29]. Although only a 

few cases have been reported, FMT has been shown to 

have therapeutic promise in PD patients [30]. 

Bacterial components including lipopolysaccharide 

(LPS) or amyloid protein curli have been demonstrated to 

increase α-syn aggregation, lending credence to the idea 

that the gut microbiome is involved in PD [31]. Kelly et 

al [8]. found that low-dose LPS treatment gradually 

increased α-syn expression, followed by intestinal 

leakiness, and that these increases were predominantly 

confined to the large intestine of mice. Escherichia coli 

(E. coli) and other Gram-negative bacteria produce curly-

fibers. Curli-fibers are functional amyloid fibers that act 

as a protein scaffold in the extracellular matrix (ECM) of 

biofilms, accounting for 85 percent of the ECM of biofilm 

[32]. Curli is capable of improving intestinal barrier 

function. Curli-fibers directly stimulate epithelial cells, 

resulting in barrier strengthening and a decrease in 

bacterial translocation [33]. 

Intestinal bacteria and their metabolites, primarily 

SCFAs, contribute to preserving the integrity of the IEB 

through modulating cell proliferation and differentiation, 

TJ protein expression, and mucosal permeability [34]. In 

the colon, intestinal microbial fermentation of undigested 

dietary carbohydrates produces SCFAs including acetate, 

propionate, butyrate, and valerate. Butyrate, as the 

primary energy source for colon cells, is important to 

maintain the intestinal barrier [35]. Changes in butyrate 

concentration may impact the expression of occludin, a 

component of TJs protein, which may influence intestinal 

permeability. Butyrate has anti-inflammatory properties 

by activating SCFA receptors, resulting in anti-

inflammatory, anti-microbial, and reducing the intestinal 
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leakiness [35]. In inflammatory bowel disease (IBD), a 

lack of butyrate leads to TJs lesions and, eventually 

increased intestinal permeability [36]. Butyrate treatment 

improves transepithelial resistance in a Dextran Sulfate 

Sodium-induced colitis rat model, which is related to 

maintaining tight junction integrity and inhibiting tumor 

necrosis factor (TNF)-α release [37]. Butyrate can protect 

cells from increased paracellular permeability and 

epithelial barrier destruction caused by LPS, increase the 

expression of tight junction claudins and reduce the 

expression of inflammatory cytokines [38-41]. There is 

compelling evidence that SCFAs, particularly butyrate, 

are beneficial in various animal models of PD [42, 43]. 

However, only animal trials were carried out. Extensive 

clinical studies are required to further assess the role of 

SCFAs in PD. 

In addition, the intestinal epithelium, being a 

mucosal tissue, continuously generates mucus and is 

covered with mucus, which serves as the first line of 

protection against pathogens. Mucus is generated by 

goblet cells and is made up of glycosylated mucin proteins 

as well as other protective compounds that aid in epithelial 

restoration. Microbiota products influence the production 

of intestinal mucus. Butyrate generated by benign 

microbiota components stimulates greater mucin 

secretion, forming a positive feedback loop for the 

preservation of the mucous barrier and its colonization by 

butyrate-producing commensals [44]. 

Reduced levels of SCFAs in the colon may impede 

colonic motility, resulting in constipation in PD (Fig. 1). 

In a study of plasma SCFAs in PD patients, researchers 

discovered that PD patients have higher plasma SCFAs 

level, which may be due to epithelial barrier damage 

induced by gut dysbiosis with low-grade inflammation in 

PD patients [45]. These studies illustrate that intestinal 

dysbiosis in PD patients is linked with a significantly 

decreased SCFAs level, resulting in impaired IEB, 

promoted inflammatory responses, disrupted intestinal 

neuronal networks, and intestinal motility dysregulation 

[20]. In the largest PD microbiome study to this day, 

Wallen et al. discovered PD patients may contain 

excessive opportunistic pathogens, decreased levels of 

SCFA-producing bacteria, and/or increased amounts of 

carbohydrate metabolites (commonly referred to as 

probiotics) in their gut microbiomes [46]. A study 

including 24 PD subjects and 14 controls found that the 

proportion of endotoxin-producing bacteria increased 

while the number of SCFA-producing bacteria decreased 

[47]. 

 

Intestinal Inflammation May Promote Progression of 

Synucleinopathy from the Intestinal Nervous System 

to the Central Nervous System  

 

TJ protein synthesis is influenced by intestinal bacteria, 

and several pro-inflammatory cytokines generated by 

activated immune cells act on TJs to increase barrier 

permeability [48]. Inflammatory circumstances generally 

cause intestinal bacteria to become more pathogenic and 

less symbiotic, thereby aggravating inflammation and 

raising the possibility of sustained immunological 

reactions in the gut [49]. In a cohort study, Villumsen et 

al. [50] found individuals troubled with IBD are more 

susceptible to PD. Inflammation is a well-known feature 

of PD [51]. It has been proposed that this inflammation 

may be triggered by a disruption in the intestinal barrier, 

which exposes the system to inflammatory microbial 

compounds such LPS, a component of bacterial cell walls 

[52]. The decrease of LPS-binding protein (LBP) [9, 26] 

and the increase of LPS [53] in plasma from PD sufferers 

indicate that peripheral blood tissues were more exposed 

to LPS, which means the presence of intestinal barrier 

failure. In individuals with PD, intestinal barrier 

malfunction and increased intestinal permeability induced 

by inflammation create a favorable environment for the 

exposure of the ENS to microbiota and their toxic 

products [54]. Indeed, changes in the intestinal microbiota 

can cause IEB breakdown and increased mucosal 

permeability, resulting in bacterial translocation into the 

mucosa and possibly systemic inflammation [55]. 

Changes in the intestinal microbiota metabolic, including 

SCFA and peptidoglycans, may further increase intestinal 

permeability, induce widespread neuro-inflammation, 

thus contributing to the development of PD [56]. Intestinal 

dysbiosis or intestinal leakage induced by the pro-

inflammatory intestinal environment can initiate or 

exacerbate PD.  

Forsyth and colleagues [57] discovered increased 

colon permeability in individuals with early PD and 

verified that it is linked to intestinal endotoxin exposure, 

oxidative stress, and α-syn aggregation. Schwiertz et al. 

[58] found that calprotectin, α-1-antitrypsin (A-1-AT), as 

well as banded protein were significantly increased in PD 

patients. A-1-AT is a protease inhibitor that reflects 

protein loss in the intestinal lumen, which may be caused 

by a breakdown of the mucosal barrier. Calprotectin is a 

member of the S100 family protein that is generated after 

the activation of neutrophil. Calprotectin is resistant to 

enzyme breakdown, making it a sensitive fecal marker for 

intestinal inflammation. Recently, Mulak et al. [59] also 

found elevated fecal calprotectin in PD patients. Aho et al. 

[60] observed no evidence of increased gut permeability 

in PD patients evaluated by stool zonulin or plasma LBP. 

However, their findings supported the existence of SCFA 

deficits and higher amounts of fecal calprotectin in PD. 

 

Role of Enteric Glial Cells in the Intestinal Origin of 

Parkinson’s Disease 
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Enteric glial cells (EGCs) are a unique type of peripheral 

glial cell that are distributed in the intermuscular, 

submucosal plexus, and extra-ganglionic regions like the 

muscular layer and mucosal lamina propria [61]. EGCs 

have traditionally been assumed to participate mainly to 

the construction and nutritional maintenance of intestinal 

neurons. Besides their regular roles, they are also critical 

for the dynamic homeostasis modulation of various GI 

activities, including intestinal motility and epithelial 

integrity, through complex interactions with neurons, 

immune cells and IECs [61]. Depending on where they 

are, EGCs have distinct physiological roles according to 

their distribution [62]. EGCs are found beneath the IECs 

and like their CNS counterparts, have a direct impact on 

IECs and IEB function [63], whereas EGCs in the 

submucosal or myenteric plexus embed neurons and 

modulate neurotransmission [64]. EGCs regulate 

epithelial barrier activities by suppressing IECs 

proliferation and decreasing epithelial permeability via 

glial-derived factors [65, 66]. The IEB integrity of mice 

with enteric glial ablation is dramatically altered [67]. 

According to a recent study, EGCs dysfunction in PD 

patients may play an indispensable part in adjusting to the 

increased intestinal permeability [10]. 

Many researchers have found that EGCs respond to 

damage activation primarily via the Toll-like receptors-2 

(TLR-2) and Toll-like receptors-4 (TLR-4) [68]. TLR-4 

knockout mice were partially protected from rotenone-

induced PD, indicating that parkinsonian symptoms can 

be avoided by suppressing the EGC-mediated 

immunological response [54]. The discovery that EGCs 

not only express TLR but also distinguish between 

pathogens and probiotics through modifying TLR 

expression, highlighting the potential role of EGCs in 

initiating innate immune responses [68]. The intestinal 

microbiota dose, in fact, influences the primary 

colonisation of EGCs in the intestinal mucosa [69]. 

Although it has not been proven that certain strains are 

directly responsible for the onset of PD, gut-brain axis 

disorders caused by immune initiation of EGCs via altered 

intestinal microbiota is becoming more established. EGCs 

may function as enterotoxin entry points into the CNS, 

particularly in neurodegenerative disorders [70].  

David et al. hypothesized that altered expression of 

glial markers and pro-inflammatory cytokines in the colon 

of PD individuals can regulate the integrity and enhance 

the permeability of IEB. Although glial heterogeneity has 

been confirmed in the intestine, there are various 

physiological glial markers, including Sox-10, S100β and 

glial fibrillary acidic protein (GFAP), which fluctuate 

dynamically depending on the condition of the intestinal 

mucosa [61]. The expression of GFAP and S100β 

increases dramatically in EGCs activated by cellular 

danger signals. This overexpression is linked to the 

neuroinflammatory response in the ENS mediated by 

EGCs [71]. EGCs release glial-derived neurotrophic 

factor (GDNF), which appears to be important in 

preserving mucosal integrity. According to several 

studies, EGC-derived GDNF enhances TJs in IECs and 

may protect IECs from cytokine-induced apoptosis [72-

74]. Its preventive action is explained by the fact that it 

simultaneously suppresses EGC apoptosis and lowers 

pro-inflammatory cytokine production [75, 76]. Intestinal 

inflammation is intimately linked to glial dysfunction in 

PD, and evidence shows that EGCs is essential for 

controlling intestinal inflammation [77]. In addition to 

modulating IEB resistance, EGCs have been shown to 

improve IEB repair after mechanical or inflammatory 

damage [78]. 

EGC-driven neuroinflammation has been postulated 

as the cause of synaptic dysfunction and intestinal motility 

abnormalities at the early stage of PD progression since 

these EGCs regulate motility, intestinal permeability, and 

immune responses [61]. This assumption is supported by 

an increase in enteroglia-associated pro-inflammatory 

indicators in the intestinal mucosa of PD subjects, 

including interleukin (IL)-6, IL-1, TNF-α, GFAP, and 

S100β [79]. When PD colon samples were compared to 

control samples, Thomas et al. [80] discovered differences 

in intestinal GFAP expression and phosphorylation. 

EGCs dysfunction occurs at the onset of PD, leading to 

local inflammation that can extend to the CNS. This may 

result in impaired intestinal permeability and initial α-syn 

aggregation in the ENS [58]. 

In addition, the "pathological loop" between glial 

activated by aggregated α-syn and the misfolded α-syn 

generated by intestinal glial activation emphasizes the 

significance of EGCs in the pathogenesis of PD [77]. This 

reactive gliosis may exacerbate damage to the integrity of 

the IEB, resulting in neuroinflammatory response and 

thus accelerating the progression of the PD pathogenic 

process [81, 82].  

 

Conclusion and perspective 

 

Taken together, these clinical and preclinical findings 

from patients and various animal models suggest that 

increased intestinal permeability, altered intestinal 

microbiota, intestinal inflammation, and EGC activation 

are early events of the disease that occur prior to the onset 

of CNS symptoms (Fig. 2). At an early stage, PD patients 

have anomalous interplays among intestinal microbiota, 

intestinal inflammatory, intestinal barrier, and EGC 

activation, which may promote aggregated α-syn in ENS. 

In later stages of disease, intestinal inflammatory 

activation may trigger inflammatory events in the CNS 

via the gut-brain ascending pathway, promoting the 

accumulation of α-syn in the CNS. Central 
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neuroinflammation and subsequent neurodegeneration 

could exacerbate enteric pathologic changes via brain-gut 

descending pathways, resulting in a bidirectional 

relationship that could contribute to the 

neurodegenerative process.  

 
Figure 2. The vicious circle between intestinal disorders and central nervous degeneration in PD. (A) 

Increased intestinal permeability along with alterations in gut microbiota composition, and EGC activation, 

may result in an inflammatory response that further promotes intestinal leakiness, and increases α-syn 

expression and aggregation in ENS. IECs fail to fully repair the barrier, leading to a vicious cycle of barrier 

leakage, microbial dysregulation, chronic inflammation, and EGCs activation; (B) In these conditions, gut 

symptoms can be detected as premonitory symptoms in PD patients; (C) α-Syn may be transmitted from the 

gut to the brain via the vagus nerve; (D) Chronic inflammation and intestinal leakiness contribute to systemic 

inflammation, which can increase BBB permeability. Intestinal inflammation, systemic inflammation, and 

α-syn in the brain all contribute to neuroinflammation, which result in the neurodegeneration that is 

characteristic of PD. (E) Accumulation of α-syn, in the nigrostriatal area, may thus predispose parkinsonian 

neurodegeneration and the development of motor symptoms. (F) Central neuroinflammation and subsequent 

neurodegeneration could aggravate the enteric pathologic changes via brain-gut descending pathways, 

creating a positive feedback loop that may contribute to the neurodegenerative process. Abbreviation: α-syn, 

alpha-synuclein; EGC, enteric glial cell; ENS, enteric nervous system; IEC, intestinal epithelial cell; BBB, 

blood brain barrier; PD, Parkinson's disease. 
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As the population ages, the morbidity and mortality 

of PD are increasing year by year globally. Oral levodopa 

or a dopamine agonist is still the first-line treatment for 

patients with PD. Intestinal dysfunction may not only be 

the origin of PD but also affect the absorption of drugs in 

the gut, accelerating the progression of the PD. Current 

knowledge may aid in the development of novel 

therapeutic interventions targeting gut functions in the 

early stages of the disease. Developing therapies to 

minimize gut dysfunction might potentially slow or halt 

neurodegeneration ascending to the CNS. While more 

studies are needed to validate the exact role of enteric 

pathologic in the onset of PD. Fortunately, the 

development of experimental models enables us to gain a 

better understanding of the causality and relationship 

between intestinal dysbiosis, permeability changes, EGCs 

and intestinal inflammation in PD. Meanwhile, 

prospective longitudinal studies in subjects at risk for PD 

are needed to identify which factors act as triggers to 

cause or promote the disease. Changes in intestinal 

function may become a sensitive marker for predicting 

and assessing the risk of PD in the future.  
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