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Abstract 

Parkinson's disease (PD) is now recognized as a chronic condition which is once considered a highly 

intricate disorder involving the central, autonomic, and enteric nervous systems. The prevailing 

perspective attributes the disease by the formation of Lewy bodies, primarily triggered by the misfolding 

of α-Synuclein, leading to the demise of dopaminergic neurons in the substantia nigra. Constipation, 

one of the most common non-motor symptoms in PD patients, is believed to be influenced by the 

composition of gut bacteria. The gastrointestinal tract acts as a significant point of entry through the 

vagus nerve for potentially harmful microorganisms that can initiate the pathological process of PD. 

The vagus nerve is proposed to play a role in transmitting signals leading to the over-expression and 

accumulation of α-Synuclein in the brain. In a study, it was noted that individuals with PD displayed 

an elevated occurrence of bacteria belonging to the Desulfovibrionaceae family. Desulfovibrio (DSV) 

are sulfate-reducing bacteria (SRB) that are established as commensal bacteria in the human 

gastrointestinal tract. Desulfovibrio releases certain metabolites that trigger the aggregation of alpha-

synuclein leading to play a role in the pathogenesis of PD. The presence of DSV can lead to a decline 

in bacterial metabolites, which plays a crucial role in gut health and contributes to the effects observed 

in individuals with PD. This review consolidates current knowledge on the connection between DSV 

and PD, emphasizing the role of the gut environment. We address the possibilities that could be 

considered for reducing the α-Synuclein aggregation in this study by emphasizing Desulfovibrio. 
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INTRODUCTION 

Parkinson's disease (PD) is a progressive, incurable, chronic neurodegenerative condition. It is 

characterized by the production of Lewy bodies, primarily caused by misfolded α-synuclein and death 

of dopaminergic neurons in the substantia nigra. Globally, over six million people are diagnosed with 

PD [1]. α-Synuclein, a tiny protein produced in the brain that affects presynaptic signaling, membrane 

transport, and the stability of neuronal membranes, has been shown to be the main component of Lewy 

bodies [2]. Constipation is a commonly noted feature in prodromal PD and is apparent as early as 20 

years before the diagnosis of motor PD. Therefore, 

constipation may predict PD occurrence [3]. 

 

According to earlier research, an intestinal 

infection that passes through intestinal neurons and 

then enters the central nervous system (CNS) 

through the vagus nerve may be the origin of PD [4]. 

The gut is a key point of entry for potentially 

dangerous bacteria, which may initiate the 

degenerative process of PD [5]. In both animal and 

human studies, gut dysbiosis, indicated by 

differences in the diversity and frequency of the 

microbial community that make up the gut flora, has 
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been linked to immune dysregulation, aberrant brain protein aggregation, and inflammation [6]. 

Dysbiosis of the gut microbiota also causes systemic exposure to bacterial endotoxins, which in turn 

triggers the over-expression of α-syn and facilitates its misfolding to generate LBs (Lewy Bodies). The 

substantia nigra will eventually be damaged by intestinal LBs from the ENS (Enteric Nervous System) 

that have entered the CNS, resulting in the onset of PD symptoms [7]. One method that gut 

microorganisms may influence their hosts by the creation of various metabolites, including hormones, 

cytokines, SCFAs, and precursors of neurotransmitters [8]. Dysbiosis affects a wide range of 

neurotransmitters and microbial metabolites such as trimethylamine N-oxide, derivatives of aromatic 

amino acids, and SCFAs [9]. 

 

Numerous microorganisms in the gut play a crucial role in the development of PD. Among them, the 

Desulfovibrionaceae family of bacteria, particularly the Disulfovibrio (DSV) genus, has been identified 

as potentially influencing PD [10]. DSV utilizes hydrogen (H2) or organic molecules to reduce sulfate 

or oxidized sulfur compounds, leading to the production of hydrogen sulfide (H2S). H2S has both 

positive and negative effects on the environment. Numerous gut microorganisms play crucial roles in 

the development of PD [10]. Overproduction of H2S by gut microorganisms has been proposed as a 

potential trigger for PD in humans [11]. 

 

The uniqueness of the different DSV strains suggests that specific strains may possess pathogenic 

properties that contribute to the development of Parkinson's. Further research is required to fully 

understand how these strain-specific traits influence illness progression. 

 

ROLE OF ALPHA-SYNUCLEIN IN PARKINSON'S DISEASE 

Parkinson’s disease is one of the most common neurodegenerative disorders, with an estimated 

prevalence of 0.3% in all age groups and 2% in those over 70 years of age [12]. Lewy body formation 

(due to the aggregation of alpha-synuclein), Lewy neurites, and dopaminergic neuron loss in the 

substantia nigra are the primary hallmarks of PD [5]. Although non-motor symptoms such as insomnia, 

constipation, and hyposmia, as well as motor symptoms such as slowness of movement, bradykinesia, 

hypokinesia, akinesia, hypomimia, hypophonia rigidity, and postural instability, are the main symptoms, 

gastrointestinal (GI) dysfunction is well known to be the first symptom to appear in patients [13–15]. 

This problem is attributed in part to an extended transit time in the intestines, which affects both the 

colon and the small intestine [16]. We discuss various causes of Parkinson's disease in Figure 1. 

 

 
Figure 1. Illustrates the factors that contribute to the increased incidence of Parkinson's 

disease in patients. 

Alpha-synuclein 

aggregation leads to Lewy 

body formation 

Loss of 

dopamine 

Mutations in SNCA 

and LRRK2 genes 

Bacterial 

metabolites 

Age 

Environmental 

factors 

Dysfunction of the 

mitochondria, which raises 

reactive oxygen species (ROS) 

and oxidative stress 

Neuroinflammation 

Parkinson's disease 



 

International Journal of Cell Biology and Cellular Functions  

Volume 2, Issue 1 

 

 

© STM Journals 2024. All Rights Reserved 20  
 

α-Synuclein (α-Syn) is known to be the main constituent of Lewy bodies when harmful point 
mutations in the α-synuclein (SNCA) gene are found to be linked to familial PD. [17]. Within Lewy 
bodies, immunoreactive aggregates and misfolded forms of α-syn are observable, and these 
intraneuronal inclusions located in the substantia nigra may also contain other neurofilament proteins 
[15, 18]. α-Syn, a 14 kDa intracellular acidic presynaptic protein expressed in the central nervous 
system, comprises three regions: an acidic C-terminal area, a hydrophobic middle region, and an 
amphipathic N-terminal domain interacting with phospholipid membranes [14, 19]. α-syn has also been 
discovered in the stomach, esophagus, and salivary glands [20]. Normal forms of α-Syn can be found 
unfolded or contained in α-helical membrane-bound forms within the presynaptic areas of neurons [17], 
but when they aggregate, they become the primary cause of PD. The LB is an ongoing debate in the 
scientific community. Some studies have proposed that LBs may serve as a cellular defense mechanism 
against the accumulation of intracellular protein aggregates, while others have argued that LBs have a 
detrimental role in PD. Consequently, the role of LBs remains controversial and debatable [15]. 

 
The presynaptic terminal is the location of α-syn and interacts with synaptic vesicles [21]. Current 

research suggests that pathogenic forms of α-Syn propagate through the nervous system by inducing 
recipient cells to aggregate α-Syn, resembling prion-like propagation, which then spreads from one 
neuron to another [22]. Further exploration is required to gain a deeper understanding of these internal 
interactions [23]. 

 
Mitochondria play a critical role in cellular energy metabolism, mitochondrial dysfunction, and 

disruption of the electron transport chain (ETC) due to aggregation of α-syn, resulting in increased 
reactive oxygen species (ROS) and oxidative stress [7, 24]. The significance of mitochondria in PD 
progression is underscored by their loss of function in terms of ATP production, calcium buffering 
capability, and their role as mediators of innate immune activation [25]. The destabilization of 
autophagy is a key factor in the abnormal aggregation of α-synuclein and the exacerbation of PD. Recent 
research indicates that microglial autophagy is involved in the CNS's ability to regulate inflammation, 
and its dysregulation may impact phagocytosis and inflammation, which are both integral to 
neuroinflammatory diseases [26]. 

 
The transportation of α-Syn to the gastrointestinal wall and its uptake into vagal nerve terminals or 

indirectly into enteric neurons and their terminals are essential steps, as highlighted [27]. α-Syn enters 
the plasma membrane through the endoplasmic Golgi secretion pathway and is released via exocytosis, 
with specific proteins facilitated by exosomes. Upon uptake by a neuron, it is absorbed by lysosomes, 
undergoes re-aggregation, forms the Lewy pathology structure, and travels via microtubule axons to 
distal synaptic terminals, completing the transmission pathway of α-Syn [23]. 

 
The vagus nerves, composed primarily of parasympathetic fibers, serve as two mixed cranial nerves 

supplying both motor and sensory innervation. They play a crucial role in the gastrointestinal tract, 
regulate the neuromotor functions of smooth muscles, and aid the release of hormones essential for 
digestion. It also forms a vital connection between the gut and brain, as emphasized [22]. Evidence 
suggests that the vagus nerve can sense microbial signals in the form of bacterial metabolites, although 
it does not appear to interact directly with the gut microbiota. For instance, the production of short-
chain fatty acids (SCFA) by gut bacteria influences the physiological processes in the intestine, 
including secretion, motility, and inflammation [28]. 

 
The dual hit theory of PD postulates that the vagus nerve and Meissner's plexus allow contributing 

elements to enter and travel through the substantia nigra due to the increased permeability of the gut or 
nasal epithelial cell lining [9]. It was discovered that the vagus nerve actively receives all types of α-
syn (monomers, oligomers, and fibrils) that are actively carried from the colon [27]. These different 
conformations of alpha-syn, which have precise roles in the formation of the fibril form, remain unclear 
[19]. The transition of α-syn from monomeric or dimeric forms to prefibrillar forms and its subsequent 
assembly into larger aggregates leads to cellular toxicity, with fibrillary α-syn being a significant 
component of Lewy bodies [21, 29]. 
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Compelling evidence substantiates the hypothesis that the neurodegenerative progression of PD is 

instigated and propelled by soluble oligomeric (o-α-syn) and phosphorylated (p-α-syn) forms. Several 

αsyn species have been suggested as biomarkers of PD [30]. To test the theory that α-Syn could travel 

from the ENS to the CNS via the vagus nerve, researchers isolated three distinct forms of α-syn from 

the brain lysate of a patient with PD and then directly injected α-syn into the submucosa of the ENS in 

mice. They noticed that alpha-synuclein was deposited retrogradely from the ENS to the vagus nerve, 

and ultimately to the brain [22]. 

 

In addition to its role in dopamine transportation, α-syn plays a crucial role in regulating vesicle 

docking, fusion, neurotransmitter release, synaptic activity, and axonal transport [21, 31]. α-syn also 

appears to be essential for the maturation of dopaminergic neurons. In a study examining the function 

of α-Syn in neuronal development, it was discovered that the number of dopaminergic neurons in the 

substantia nigra was greater in wild-type mice than in mice in which the α-syn gene was deleted [22]. 

 

In a different experiment, fecal samples from both patients with PD and healthy human donors were 

administered to mice that received alpha-synuclein enrichment. Mice administered fecal sample 

injections and supplemented with PD synuclein patients reported decreased motor function and other 

symptoms of PD, such as substances that cause inflammation in the brain. Animals implanted with the 

feces of healthy human donors did not show these symptoms [32]. 

 

Previous studies have proposed that PD might be triggered by an intestinal pathogen that traverses 

intestinal neurons, making its way into the CNS through the vagus nerve [17]. This pathogenic process 

initiates in the dorsal motor nucleus of the vagus nerve in the lower brain stem and gradually ascends 

through susceptible regions of cerebrospinal fluid (CSF) and other peripheral fluids, such as blood and 

saliva, including the medulla oblongata, pontine tegmentum, midbrain, and basal forebrain, eventually 

reaching the cerebral cortex [33]. Impairment of enteric neurons is linked to gastrointestinal (GI) 

dysfunction and is believed to be triggered by the accumulation of α-syn in the peripheral nervous 

system (PNS). Individuals with PD, owing to the compromised integrity of the intestinal barrier, are 

more prone to microbial infections. The heightened accumulation of α-Syn in the intestine, often 

referred to as "leaky gut," is a common issue observed in individuals with PD [34]. 

 

HOW DOES THE GUT AFFECT PARKINSON'S DISEASE AND HOW SIGNIFICANT OF A 

ROLE DO THE METABOLITES OF GUT BACTERIA PLAY IN THE NARRATIVE? 

Various epithelial surfaces throughout the body host distinct microbiota, with the colon harboring the 

most extensive and diverse population. The gut microbiota, comprising approximately 100 trillion 

bacteria, possesses approximately 25 times as many genes as the individual human genome [35]. Early 

symptoms observed in patients with PD, such as constipation, prolonged intestinal transit time, 

gastroparesis, and dental degradation, are indications of PD and may manifest even before the onset of 

motor function loss [34]. 

 

There is growing interest in understanding the connection between α-syn aggregation and gut 

microbiota in PD [36]. A significant indication of the influence of the GI tract on PD is the existence of 

a linkage between the two for signal transmission [9]. The bidirectional communication mechanism 

enables the brain to affect gut function, and vice versa [33]. The composition of an individual's gut 

microbiota is influenced by factors, such as genes, environment, age, gender, and diet. To foster healthy 

gut microbiota capable of modifying the ENS and managing various neurological conditions, a well-

balanced diet is crucial [37]. A leaky gut, caused by a pro-inflammatory intestinal environment, 

promotes the movement of bacteria and bacterial products, such as endotoxins, from the gut to the brain, 

triggering oxidative stress [34, 38]. Additionally, immunology also plays a pivotal role in regulating 

communication between the brain, ENS, and gut microbiota, with peptidoglycans (PGNs) and toll-like 

receptors (TLRs) mediating the immune response to microorganisms [28]. 
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Bacteria entering the bloodstream release immune agonists such as lipopolysaccharides and 

peptidoglycan, enabling them to breach the blood-brain barrier (BBB). This leads to the release of pro-
inflammatory markers and inflammation in the gut due to dysbiosis and increased permeability. These 

substances can cross the BBB and affect the brain cells, resulting in neuroinflammation and cell death 
[39]. The production of toxins and metabolites by these bacteria is thought to contribute to the formation 

of α-syn aggregates [33]. 
 

Research has endeavored to investigate the impact of distinct bacterial strains, including 
Lactobacillus, Saccharomyces, Bacillus, and Escherichia on brain function. The synthesis of bacterial 

metabolites, including cytokines, hormones, SCFAs, and neurotransmitter precursors, represents a 
potential mechanism by which gut microbes may impact the host [8]. SCFAs are known to affect the 

vagus nerve, enteric nervous system, immunological system, and BBB in addition to the gut barrier. A 

reduction in the quantity and variety of SCFA-producing bacteria, particularly those that produce 
butyric and propionic acids, is a hallmark of the microbiome in PD. Nevertheless, much remains to be 

learned about the precise processes and effects of SCFAs in preclinical models of PD [32]. Reduced 
SCFAs levels have been associated with various illnesses, including cancer, autoimmune diseases, 

metabolic syndromes, and neurological conditions [40]. 
 

Gut bacteria break down dietary fibers to produce gases, organic acids, and three primary SCFAs: 
butyrate (C4), propionate (C3), and acetate (C2) [35]. Although less abundant, butyrate is the most 

pharmacologically active SCFA [32]. Butyrate, in particular, has demonstrated immune-modulating 
properties and effects on the CNS, including reducing BBB permeability and alleviating symptoms of 

anxiety and depression associated with prodromal PD [41]. The presence of SCFA-producing bacteria 
such as Romboutsia and Roseburia, correlates strongly correlated with butyrate levels [42]. 

Intestinimonas butyriciproducens, F. prausnitzii, and Anaerostipes butyraticus are examples of 
butyrate-producing commensals that diminish with a breakdown of the gut mucin layer. This breakdown 

ultimately leads to an imbalance in the gut microbial composition and increased gut permeability [43]. 
Butyrate has several advantageous properties, such as lowering inflammation, stopping the 

advancement of the cell cycle, increasing the expression of proteins that control the integrity of the 
intestinal barrier, and encouraging the creation of mucus [44]. 

 

Since butyrate is the main energy source for the colonic epithelium, reduced levels of butyrate, 
acetate, and propionate combined with a decrease in the number of bacteria that produce SCFAs could 

cause the gut microbe Disulfovibrio to overgrow and compromise the integrity of the colonic mucosal 
barrier. The integrity of this barrier is jeopardized by the proliferation of hydrogen sulfide (H2S)-

producing bacteria, such as DSV, because sulfides impede the oxidation of butyrate [41, 45]. Because 
sodium butyrate (NaB) is associated with the severity of PD, numerous studies have examined the 

possible advantages of NaB supplementation. NaB therapy improved a few PD-like symptoms and 
decreased systemic inflammation in animal models of PD. The use of probiotics and prebiotics to 

improve butyrate synthesis and gut health is also a clever tactic. By preserving healthy gut microbiota 
and increasing dopamine levels, these therapies may help reduce the symptoms of PD and delay its 

course [44]. 
 

MICROBES AND PARKINSON'S DISEASE 

The human intestine harbors a diverse array of approximately 7,000 gut microbiota types, with 

Mycobacterium tuberculosis (Mtb), the causative agent of tuberculosis (TB), being the first pathogen 
linked to PD [25]. These microbes have the capacity to influence the expression of neurotrophic  

factors, thereby affecting the growth, maturation, aging, and maintenance of homeostasis in the nervous 

system [46]. 
 

The primary branches of intestinal bacteria, namely Firmicutes, Bacteroidetes, Actinobacteria, 

Fusobacteria, Proteobacteria, Verrucomicrobia, and Cyanobacteria, constituted the major components 

[47]. A metagenomic study involving a hundred senior citizens revealed that the core microbiota in the 
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elderly differs from that in young individuals, with variations in the Firmicutes to Bacteroides ratio 

among the participants [43]. Firmicutes, encompassing gram-positive bacteria such as Lactobacillus, 

Eubacterium, and Clostridium, and gram-negative Bacteroidetes with prevalent members such as 

Bacteroides and Prevotella, constitute a significant portion of the gut microbiota [48]. One of the main 

bacteria implicated in the synthesis of metabolites that may have harmful consequences for the host is 

the bacterium Prevotella. Individuals adhering to plant-based, high-fiber diets exhibit elevated levels of 

the symbiotic Prevotella, which is known for fermenting fiber and releasing thiamine and folate. 

Prevotella also contributes to the production of neuroactive SCFAs, supports gut homeostasis, and 

regulates ENS activity [8, 19, 20]. A decline in Prevotellaceae has been associated with increased 

intestinal permeability and exposure to bacterial endotoxins, which triggers α-syn misfolding [7]. 

Reduced levels of the gut hormone ghrelin, correlated with decreased Prevotellaceae and increased 

Lactobacillaceae, have implications for mitochondrial respiration, ROS production, and preservation 

of normal dopamine function [20, 49]. Recent research suggests that, as SCFA concentrations decrease, 

α-synucleinopathies and lower Prevotella abundance are observed in patients with PD. This is linked to 

a potential decrease in mucin synthesis that contributes to increased intestinal permeability [16, 19]. A 

decline in Prevotellaceae has been proposed as a potential biomarker for PD [20]. 

 
Several investigations have also revealed the presence of another bacterium, Akkermansia in patients 

with PD [50]. Akkermansia muciniphila breaks down the intestinal mucus barrier and increases 
intestinal permeability when dietary fibers are defective. This major SCFA-producing bacterium may 

lead to the abnormal aggregation of α-synuclein fibrils. It is expected to occur when increased intestinal 
permeability exposes the intestinal nervous plexus to toxins such as LPS (Lipopolysaccharides) and 

pesticides [51]. In PD patients with rapid eye movement sleep behavior disorder (RBD), A. muciniphila 
was found to be significantly more abundant, and this abundance was correlated with non-motor 

symptoms compared to PD patients without RBD [50]. 
 

In a case-control study, it was observed that patients with PD exhibited an increased prevalence of 
bacteria from the Desulfovibrionaceae family, indicating a broader presence of Desulfovibrio (DSV) 

dynamics. Desulfovibrio species possess various characteristics that raise questions regarding their 

potential involvement in the pathophysiology of PD, necessitating further investigation [45]. 
Desulfovibrio releases hydrogen sulfide, which induces the aggregation of alpha-synuclein. As it 

traverses the vagus nerve from the gut to the brain, this process results in the formation of Lewy bodies 
(Figure 2). These findings highlight how dysbiosis compromises the integrity of the GI tract and triggers 

an immunological response that initiates the neurodegenerative cascade associated with PD [52]. 
 

DESULFOVIBRIO IMPACT ON PARKINSON'S DISEASE 

Another bacterial group under consideration that has recently been linked to Parkinson's is the 

Desulfovibrionaceae family, and there is limited research available on this association [10]. 
Desulfovibrio (DSV) species, characterized as rod-shaped, anaerobic, gram-negative, mesophilic, 

sulfate-reducing bacteria, have been observed to produce significant quantities of α-syn aggregation 
[9]. DSV bacteria are integral components of the ocean sulfur cycle and are prevalent in diverse 

environments, such as oil fields, marine sediments, and anaerobic wastewater treatment plants. These 
bacteria primarily inhabit the distal colon of a healthy human host, constituting approximately 66% of 

all colonic sulfate-reducing bacteria (SRB) [53]. Anaerobic microorganisms known as SRB thrive in 
oxygen-deprived environments, utilizing sulfate as a terminal electron acceptor to decompose organic 

compounds and generate sulfide. Sulfate is absorbed as a nutrient and transformed into sulfide, which 

is subsequently incorporated into amino acids and sulfur-containing enzymes [54]. Among SRB groups, 
various types of bacteria are present, including mesophilic genera such as Deltaproteobacteria, 

Desulfotomaculum (gram-positive bacteria), Archaeoglobus, Thermodesulfovibrio (thermophilic gram-
negative bacteria), Desulfovibrio, desulfobacterium, desulfobacter, and desulfobulbus [55]. They are 

typically motile and possess flagella, and the physiological characteristics of DSV allow them to adapt 
to their surroundings. DSV employs hydrogen (H2) to yield hydrogen sulfide (H2S), which has both 

beneficial and detrimental effects on the environment [53]. 
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Figure 2. A diagram depicting the microbiota-gut-brain axis illustrates the role of Disulfovibrio in the 

gut microenvironment, contributing to the generation of hydrogen sulfide, ultimately leading to the 

formation of Lewy bodies. 

 

 
Figure 3. The impact of Desulfovibrio (DSV) on PD. DSV is known to generate 

hydrogen sulfide, lipopolysaccharide, and magnetite, factors that are likely 

contributors to the oligomerization and aggregation of α-Synuclein. Recent research 

indicates that DSV is more prevalent in the fecal samples of individuals with PD 

compared to those without the condition. 

 

The illustration in Figure 3 outlines the various mechanisms through which DSV can impact PD. 

Overproduction of H2S by gut microbes has been proposed as a potential causative factor in PD. H2S, 

which is more soluble than CO2 or O2, can permeate the bloodstream through the gut [45]. Human 

exposure to low levels of H2S gas may result in olfactory impairment and ocular discomfort, whereas 

high concentrations can significantly impair CNS function, potentially leading to severe consequences, 

including death [33]. Excessive H2S levels elevate cytosolic ferrous iron levels in gut cells by releasing 

cytochrome c (Cyt c) from the mitochondria [11]. Cytochrome C interacts with anionic lipids by 

utilizing α-syn as a substrate to induce peroxidase activity. Consequently, α-syn and cytochrome C 

oligomerize to form high-molecular-weight aggregates [53]. 
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In a study conducted by Huynh et al. [56], it was found that certain strains of DSV bacteria, 

particularly those sourced from individuals with PD, had a stronger propensity to induce the formation 

of larger and more frequent α-syn aggregates than E. coli strains producing curli. Additionally, 

nematodes fed with DSV bacteria from PD patients exhibited higher mortality rates, possibly because 

of the elevated concentration of accumulated α-syn aggregates. Although DSV bacteria from healthy 

individuals also show the ability to induce α-syn aggregation, similar to curli-producing E. coli, it 

remains uncertain whether DSV bacteria alone are fully responsible for inducing α-syn aggregation. 

 

Lipopolysaccharide (LPS) is an endotoxin originating from gram-negative bacteria that is commonly 

employed in studies exploring the role of inflammation in PD etiology and the development of anti-

inflammatory treatments for this condition. This component is found in the cell walls of gram-negative 

bacteria [57]. Bacterial genes associated with LPS biosynthesis were elevated in the mucosal and fecal 

samples of patients with PD compared to non-PD individuals. LPS can induce the nitration and 

polymerization of α-syn, contributing to the progression of PD [19]. DSV bacteria are responsible for 

producing LPS, which is a potential contributor to the oligomerization and aggregation of α-syn [58]. 

This information may be valuable for targeting LPS as a potential approach for managing or treating 

PD [53]. 

 

Consideration of DSV in the production of magnetite (Fe3O4) is significant because of its potential 

impact on α-syn aggregation. DSV creates magnetite by reducing ferric iron to ferrous iron through the 

activity of a periplasmic [FeFe]-hydrogenase enzyme [45]. The interaction between ferrous iron and 

amorphous ferric hydroxide during the reduction process may have contributed to the formation of 

magnetite [33]. This process involving Fe3O4 can influence α-syn aggregation and promote ROS 

generation, as observed in previous studies [59]. Magnetite nanoparticles have the potential to enter the 

intestinal cells and bloodstream through endocytosis. Low-temperature magnetometric tests on skin 

samples from PD patients revealed the presence of superparamagnetic magnetite particles in the dermal 

layer, suggesting a gut-borne origin, possibly created by DSV [45]. 

 

The heightened levels of H2S, as observed in previous studies, may contribute to a reduction in 

gastrointestinal motility, potentially influencing constipation [33]. However, it remains uncertain 

whether DSV species actively contribute to constipation in PD or whether constipation is a consequence 

of their presence [45]. 

 

Furthermore, it is plausible that DSV plays a role in other neurodegenerative diseases associated with 

protein aggregation and inclusion bodies, such as Huntington's disease (HD), AD, and amyotrophic 

lateral sclerosis (ALS) [53]. 

 

These findings underscore the distinct characteristics of different DSV strains, indicating that those 

strains with specific pathogenic features may contribute to the pathophysiology of PD. While the 

importance of these characteristics in the pathophysiology of PD remains unclear [60], maintaining a 

low concentration of DSV or removing these bacteria might be considered as a preventive measure for 

PD [56]. Future research may involve exploring interventions such as phage therapy, diet modifications, 

and fecal microbiota transplantation (FMT) to eliminate DSV from the human gut [45]. FMT includes 

reintroducing healthy donor fecal bacteria into the GI tracts of patients with PD in an effort to modify 

and restore the gut microbiome. FMT has demonstrated its efficacy in treating Clostridium difficile 

infections, as well as other conditions involving gut dysbiosis, such as irritable bowel syndrome. 

However, there is still a substantial risk of infection; therefore, further studies are required [38]. 

 

Additionally, the isolation of these bacteria and the facilitation of genomic comparisons with ambient 

and healthy-carrier isolates will help identify potential therapeutic targets unique to PD. A prospective 

treatment strategy for PD may involve focusing on DSV and its metabolites [45]. 
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CONCLUSION 

In recent years, DSV bacteria have gained prominence as significant pathobionts, being associated 

not only with intestinal disorders but also with extraintestinal conditions. An example is PD, where the 

formation of α-syn aggregates, which leads to Lewy body formation, is a characteristic hallmark of the 

disease and appears to be instigated by DSV. Elevated levels of DSV were identified in PD samples, 

signifying a positive correlation between the quantity of DSV bacteria in fecal samples and PD severity. 

However, the precise mechanisms through which DSV affects these diseases are not yet fully 

understood. Therefore, future in vivo and in vitro investigations should focus on elucidating the 

molecular mechanisms underlying the influence of DSV on the host. Among the DSV species that have 

been identified in connection with PD, it is possible to identify additional varieties. Concentrating on 

the metabolites of DSV may reveal distinctive characteristics that can serve as targets for more in-depth 

analyses. We can also delve into the genetic dimensions of DSV, which entails investigating the 

influence of particular genes and assessing their association with the α-syn gene SNCA. 
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