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disease (PD), which include constipation, sleep difficulties, and
olfactory impairments, to appear up to 20 years before the motor
symptoms of the disease. There is a growing body of research that
suggests the pathology of Parkinson's disease may begin in the
gastrointestinal tract and progress to the brain. Numerous studies
provide credence to the idea that the microbiota in one's gut
communicates with one's brain in Parkinson's disease (PD) via way
of the immune system, a certain amino acid metabolism, and the
neurological system. Through what has become known as the "gut
microbiota-brain axis" (GMBA), the gut microbiota is thought to play
an important part in the modulation of several neurochemical
pathways. In the process of mediating the crosstalk between the gut
microbiota and the physiology of the host, many of the metabolites
produced by the gut microbiota, such as fatty acids, amino acids, and
bile acids, carry signaling activities. In Parkinson's disease (PD), the
quantity of amino acids and species-specific alterations of amino
acids, such as glutamate and tryptophan, may interfere with the
signaling transmission between nerve cells and disrupt the normal
operation of the basal ganglia. Certain amino acids and the receptors
that bind to them are being looked at as new possible targets for the
treatment of PD. The purpose of the current investigation was to
compile and analyze all of the evidence that is currently available on
the gut microbiota-derived amino acid metabolic changes that are
related to PD.

1. Introduction

microbiota in the gut, which is a major
determinant of bidirectional communication

Researchers have discovered that amino
acids offer a significant contribution to the
maintenance of human health. In recent years,
the microbiota of the gut has garnered a
significant amount of attention, propelling it
to the forefront of the focus of biomedical
research. The equilibrium of the bacteria that
live in the digestive tract and the host both
play an important part in a number of
illnesses, one of which is the impairment of
the neurological system. Notably, the

between the gut and the brain, could be
regulated by a number of different
mechanisms. Furthermore, it is illustrated
that the microbiota and its produced
biochemical messengers are major aspects of
maintaining a balanced intestinal
microenvironment [1-5].

Amino acid molecules that originate from
the microbiota can modulate immunological
function, gastrointestinal physiology function,
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and the makeup of the microbiota, all of which
are beneficial to the host's health. In
Parkinson's disease, a lack of dopamine in the
striatum contributes to hyperactivity in the
output pathways of the subthalamic nucleus.
This leads to an abnormal increase in certain
microbiota-derived amino acid molecules,
such as glutamate, which are involved in the
degeneration of the nigrostriatal system based
on excitotoxicity mechanisms [6-8].

The second most prevalent form of
neurodegenerative disease is known as
Parkinson's disease (PD). The non-motor
symptoms include constipation, postural
hypotension, REM sleeps behavioural
disturbance, apathy, and dementia. The motor
symptoms include tremors, stiffness,
bradykinesia, and postural instability. PD
presents itself in a unique way in each patient,
but researchers have identified three major
subtypes of the condition: those with the
symmetrical motor disease, poor cognition,
REM sleep behavioural disorder, postural
hypotension, and relatively rapid progression;
those with intermediate symptoms; and those
with tremor-dominant, unilateral, and slowly
progressive disease [9-12].

There is a lengthy prodromal phase
associated with Parkinson's disease, and this
phase is frequently linked to non-motor
symptoms such as REM sleep behavioural
dysfunction. Aggregation of alpha-synuclein
along critical neural networks in the
autonomic nervous system, brainstem, and
cortex has offered a unifying molecular basis
for therapeutic intervention in Parkinson's
disease [13]. This is the case despite the
diversity of the symptoms and the
heterogeneity of the clinical presentation of
the disease. The neuropathological hallmark
of multiple system atrophy, often known as
MSA, is the accumulation of alpha-synuclein in
oligodendrocytes [14]. Multiple System
Atrophy is a related but more aggressive form
of Parkinson's disease. Moreover, the
neuropathological characteristic of Lewy body
dementia is the diffuse deposition of alpha-
synuclein inclusions in both the cortex and the
brainstem [15].
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2. Anatomy: Gastrointestinal Tract and
Associated Brain Areas: Central Control of
Gastrointestinal Motility

The gastrointestinal tract (GIT) represents
a significant conduit through which the
human body is subjected to external stimuli. It
is innervated autonomously by the enteric
nervous system (ENS), the largest component
of the peripheral nervous system, consisting
of numerous hundreds of neurons and glial
cells that outnumber them. This network of
neurons and glial cells within the GIT provides
a complex and dynamic system for regulating
and controlling the digestive processes [16].
The level of genetic variation found among
neuronal and glial cell clusters is akin to that
of cerebral cells. Neurons can be classified
into three distinct categories, namely
motoneurons, secretomotor neurons, and
interneurons, and they have the capacity to
produce acetylecholine, nitric oxide synthase,
catecholamines, GABA, and a diverse range of
neuropeptides. These findings suggest that
the genetic variation in neuronal and glial cell
groups is not only extensive but also highly
complex, with a multitude of signaling
pathways and biochemical processes involved
in their regulation [17].

At minimum, four unique morphologies
and chemical codings are discernible among
glial cells. Such cells have the capacity to
exhibit S100B, the reactive gliosis marker
GFAP, PDGFR, or proteolipid-protein. With
this diversity in play, the functional roles of
glial cells can vary significantly depending on
the specific molecular expression pattern and
structural configuration [18, 19]. Glial cells,
which are non-neuronal cells, are also present
in the brain. In addition to neurons, both glial
cells and neurons are distributed throughout
the entire gut wall, spanning from the
esophagus to the anus, as well as from the
serosa to the mucosal layer. These cells are
responsible for the formation of intricate
networks observed in both ganglionic and
aganglionic plexus. This suggests that glial
cells play a crucial role in the development
and function of enteric nervous system[20-
23].

The EN displays a considerable range
across the gut axis, which mirrors the
multifaceted functional dissimilarities present
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among the different segments of the gut [24]
The regulation of gastrointestinal motility is
carried out by neural circuits composed of
various neuronal subtypes and glial cells.
Despite the autonomous nature of the
digestive tract, it can be influenced to differing
degrees by the central nervous system (CNS)
through various extrinsic inputs, with the
vagus nerve being the most significant among
them. The brain-gut axis serves as a crucial
connection between the CNS and the digestive
tract, in which the vagus nerve plays a
prominent role. The brain-gut axis consists of
two main pathways that link the brain and
gut. This interdependent relationship
between the brain and gut highlights the
importance of the vagus nerve in the
regulation of gastrointestinal motility.
Ultimately, the complex and intricate nature
of the neural circuits that govern
gastrointestinal motility underscores the need
for further study and understanding in this
area [25-28].

The connection between the gut and the
brain involves two distinct links. One of these
links depends on humoral variables like
cytokines, hormones, or bacterial metabolites
from the gut microbiome. The other
connection relies on a hardwired connection
known as the vagus nerve. The vagus nerve
contains up to 50,000 fibers that go in both
directions. However, the vast majority of
these fibers are afferent fibers, accounting for
about 90% of all fibers. The efferent fibers
provide parasympathetic motor impulses that
originate in two brainstem nuclei - the dorsal
motor nucleus of the vagus and the ambiguus
nucleus [29-32]. These nuclei contribute to
gastrointestinal motility. The afferent fibers
are responsible for delivering information
from the gut, while the efferent fibers provide
these stimuli. Besides the direct input from
the brainstem, there are several other
pathways of impact represented, such as
sympathetic fibers from prevertebral ganglia
that connect the gut with thoracic segments of
the spinal cord. These fibers connect the gut
with the thoracic segments of the spinal cord,
thereby playing a vital role in the gut-brain
axis. The gut microbiome, cytokines, and
hormones may also influence the gut-brain
axis, highlighting the complexity of the
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interaction between the gut and the brain [24,
33-35].

3. The role of inflammation in the
pathogenesis and progression of
Parkinson's disease

The role of immune system aging in the
context of neurodegeneration is a highly
neglected and insufficiently researched factor.
This is especially true when one considers
that age is the major risk factor for many
neurodegenerative illnesses.
Immunosenescence is distinguished by its
fundamental characteristics, which are an age-
related immunodeficiency and an
inflammatory aging process known as
inflammaging. Inflammageing is defined by
excessive low-level production of circulating
inflammatory mediators, or cytokines, most
notably C-reactive protein (CRP), interleukin-
6, and tumor necrosis factor (TNF), from
chronically stimulated innate and adaptive
immune cells [36, 37]. The phenomenon of
inflammageing is known to be linked with an
augmented propensity for chronic maladies,
including but not limited to cancer and
cardiovascular disease. As individuals grow
older, both the innate and adaptive immune
systems gradually lose their efficacy, and this
decline is further exacerbated in patients
diagnosed  with  Parkinson's  disease.
Therefore, it is crucial to investigate the
underlying mechanisms of inflammageing and
its impact on immune system function to
develop effective therapeutic strategies [38]
(Figure 1).

The aging of the immune system is the
most unappreciated and understudied
contributing element in the study of
neurodegeneration. This is especially true
when one considers that age is the major risk
factor for many neurodegenerative illnesses.
Immunosenescence is distinguished by its
fundamental characteristics, which are an age-
related immunodeficiency and an
inflammatory aging process known as
inflammation. Inflammageing is defined by
excessive low-level production of circulating
inflammatory mediators, or cytokines, most
notably C-reactive protein (CRP), interleukin-
6, and tumor necrosis factor (TNF), from
chronically stimulated innate and adaptive
immune cells [36, 37]. Inflammageing is



Cell. Mol. Biomed. Rep.

associated with an increased risk of
developing chronic diseases such as cancer
and cardiovascular disease. Both the innate
immune system and the adaptive immune
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system become less effective with age and are
also significantly affected in people with
Parkinson's disease [38].
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Fig. 1. Inflammatory manifestations in PD [39]. (This figure is distributed under the terms of the
Creative Commons Attribution License (CC BY)). The diagram illustrates the various forms of
inflammation observed in individuals with Parkinson's disease (PD). The initial step entails
intestinal dysbiosis and inflammation. This leads to an increase in the levels of circulating pro-
inflammatory cytokines, which is the second step. The third step involves the activation of innate
and adaptive immune cells and changes in frequency. The last two steps include blood-brain
barrier permeability and peripheral immune cell infiltration of the central nervous system, as

well as neuroinflammation, which are all indicative of a pro-inflammatory immune phenotype in
PD. Furthermore, ROS, or reactive oxygen species, may also be involved in the process.

Inflammatory bowel illness as well as the gut microbiota and intestinal

inflammation as a

dysbiosis of the gut. Braak et al. proposed a
theory in 2003 that the etiology of Parkinson's
disease (PD) begins in the gastrointestinal
tract [40], and that related gastrointestinal
dysfunction, such as a history of constipation,
preceded motor symptoms and a diagnosis of
PD in the clinic by decades 3,205. This theory
was published in 2003. Since that time, the
concept has undergone additional
development to include contributions from

mechanism driving
pathology [41, 42]. It has been extensively
reported that there are differences in the
microbial composition of the gut between
individuals with Parkinson's disease (PD) and
controls,  which  suggests that the
gastrointestinal  environment and @ its
microbial residents are influenced in PD [43].
In patients with Parkinson's disease (PD),
several studies have found changes in the
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relative abundance of certain bacteria. These
bacteria include Prevotellaceae,
Bifidobacterium, Akkermansia, and
Lactobacillus. However, the results of these
studies often differ due to differences in study
design and methodology, patient populations,
and choice of controls [44-47].

It is still unknown how specific taxa of gut
bacteria could contribute to or trigger PD;
however, a number of studies have shown
associations between motor symptoms or
disease progression as well as conditions
associated with early, pre-motor stages of PD
and the relative abundance of certain bacterial
families within fecal samples from patients
[48, 49]. This is despite the fact that it is still
unknown how specific taxa of gut bacteria
could contribute to or trigger PD. In addition,
alterations in the bacterial composition of the
gut have Dbeen linked to intestinal
inflammation in people with PD [50, 51].
Patients with Parkinson's disease have been
found to have higher levels of numerous
inflammatory mediators in their stool
compared to controls. These include IL-1, IL-1,
CXCL8, CRP, and calprotectin. Furthermore,
the levels of some of these molecules are
inversely associated with the age of PD
symptom onset, which suggests that they
could contribute to the development of the
disorder [52]. There is apparently a
correlation between the levels of Bacteroides
and Verrucomicrobia and the plasma levels of
TNF and IFN-217, respectively. These data
provide support for the idea that gut dysbiosis
is associated with an inflammatory milieu,
which may play a role in the beginning stages
of the disease associated with PD. Research is
stil being done to figure out how to
successfully target the microbiome of the gut
in order to prevent or delay the onset of
Parkinson's disease [53, 54].

4, Intestinal Bacteria

The gut dysbiosis that is reported in people
with PD varies greatly from one report to the
next due to the fact that the compositions of
the intestinal microbiota vary from country to
country, even in healthy persons. In addition,
the taxonomic identities of the organisms
found in each report are distinct from one
another due to the fact that they vary
depending on which database was used in the
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metagenome study. At the moment, SILVA is
the taxonomic database that is utilized the
majority of the time; however, Greengenes,
the Ribosome Database Project (RDP), and
NCBI are also occasionally utilized [55-57].

Akkermansia and Catabacter were the only
enterobacteria genera that showed an
increase in PD at the genus level
Lactobacillaceae and Akkermansiaceae were
shown to have a higher prevalence of PD at
the family level. Additionally, in our own
dataset, the presence of Akkermansia
increased together with the progression of PD,
but Faecalibacterium and Roseburia declined
along with the progression of PD. Recent
studies [58, 59] that included at least 100
patients with Parkinson's disease
demonstrate that the prevalence of
Akkermansia has increased whereas the
prevalence of Lachnospiraceae, Roseburia,
and Faecalibacterium has decreased. Short-
chain fatty acids (SCFAs) are produced by

Lachnospiraceae, Roseburia, and
Faecalibacterium. Butyric acid is the most
prevalent of these acids. In addition,

Lactobacillaceae levels are frequently found to
be elevated in patients with PD. However, the
increase in Lactobacillaceae was primarily
caused by a confounding impact of a catechol-
O-methyltransferase (COMT) inhibitor, and it
was also partially caused by a confounding
effect of constipation. There was no significant
difference in lactobacillaceae between people
with Parkinson's disease who did not take a
COMT inhibitor and healthy participants [60].
The absolute number of bacteria cannot be
determined by the metagenome analysis of
16S rRNA sequencing data; only the relative
abundance of each bacterium can be
determined. Using quantitative reverse
transcription PCR of 16S rRNA, it has been
conducted an earlier study in which it has
been examined absolute counts of 19 typical
intestinal taxa that encompassed 71.3% of
total intestinal bacteria. Based on our findings,
it has been reported that the overall intestine
bacterial count was lower in PD patients in
comparison to healthy individuals [61].
Additionally, the overall number of intestinal
bacteria was shown to have decreased in PD
after two years [60]. The absolute counts of all
of the bacteria that live in the digestive tract
have only infrequently been reported, and the
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clinical implications of decreased bacterial
counts are still unclear.

5. Increased intestinal permeability in
both IBD and PD

Patients suffering from inflammatory
bowel disease have been shown to exhibit a
reduction in tight junction expression, which
leads to an increase in paracellular
permeability. Furthermore, recent studies
have highlighted that patients diagnosed with
Parkinson's disease have lower levels of

2021, 1(4): 168-180

occludin and ZO-1 expression in their colon
biopsies. This suggests that there may be a
correlation between the two diseases with
regards to their effects on intestinal
permeability [62]. The epithelial tight
junctions, which link neighboring enterocytes
and regulate paracellular permeability
through the lateral intercellular space, are of
utmost significance among the structures
present in the IEB [63] [Figure 2].
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Fig. 2. Tight junctions (TJs) of epithelial intestinal cells play an essential role in regulating
paracellular permeability, thereby forming selective barriers [63]. (This figure is distributed
under the terms of the Creative Commons Attribution License (CC BY)). The composition of TJs

is primarily constituted by a variety of proteins, the most notable being zonula occludens-1 (ZO-
1), claudins, and occludin. These proteins serve as integral components of TJs, and their
interplay ensures that only select molecules are allowed to pass through the intercellular space,
while others are excluded. Therefore, the molecular architecture of TJs is crucial for maintaining
the homeostasis of epithelial tissues and preserving their physiological functions.
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Several studies have demonstrated that
individuals with Parkinson's disease exhibit
substantially elevated levels of sucralose in
their urine, yet their urine contains normal
quantities of mannitol and lactulose [64],
suggests that the colon of these patients has
hyperpermeability. The markers of
heightened intestinal permeability,
specifically alpha-1-antitrypsin and zonulin,
which are elevated in individuals suffering
from inflammatory bowel disease, have been
demonstrated to be significantly amplified in
patients with Parkinson's disease in
comparison to controls of similar age [65].
This is the case even though both of these
markers are up in IBD patients. The markers
in question, although not tailored to a specific
ailment, do provide support for the notion
that enhanced intestinal permeability is
indeed a contributor to Parkinson's disease.
Elevated levels of intestinal permeability
result in an augmented susceptibility to
antigens and microorganisms present within

the lumen [60], the promotion of
immunological reactions and intestinal
inflammation subsequently triggers the

expression of excessive -synuclein in the colon
or propels its misfolding [66].

6. The hypothesis of PD in the gut

Prior to 1980, only a small number of
researchers explored the pathogenesis of
Parkinson's  disease. @ The  mechanism
remained a mystery up until the time when
the description of Lewy bodies was published
for the first time. Oxidative stress [67],
mitochondrial dysfunction [29], excitotoxicity
[68], inflammation, neurotrophic factor
deficiency [69], and the notion of
gastrointestinal origin were the primary
hypotheses that were considered to be
involved in the etiology of Parkinson's disease
(PD). Among these, PD that originates from
the gut and oxidative stress has received a
greater amount of attention. Oxidative stress
has been linked to a number of
neurodegenerative illnesses, including
Parkinson's disease (PD), as data accumulated
to support this theory [67]. While low levels of
oxidative stress could promote mitochondrial
elimination and safeguard their biological
function, large levels of oxidative stress
beyond the capability of the cell could have
the opposite effect by changing the potential

174 |Page

Cell. Mol. Biomed. Rep.

of the mitochondrial membrane and protein
synthesis in the cytoplasm [70, 71].

The aberrant accumulation of a-syn in the
central nervous system has been the primary
focus of research done in the past on the
pathophysiology of Parkinson's disease. In
recent years, a plethora of studies have shed
light on the fact that the development of
Parkinson's disease is linked to the
homeostasis of gut microbiota as well as
metabolites. Concurrently, it has been
disclosed [63] the presence of a bidirectional
network that they referred to as GMBA. By
modulating neurotransmitters and the
receptors that they are attached to, the GMBA
may alter human behavior as well as the
neurochemistry of the brain in PD patients.
When considered as a whole, the gut origin
hypothesis suggests that the gut may be a
possible origin of the pathogenesis of
Parkinson's disease (PD), hence providing
new insights into the mechanisms that
underlie PD.

7. Conclusion

All of the investigations have pointed to the
possibility of a significant correlation between
GMBA and the pathophysiology of PD. In spite
of the fact that the interaction between
microbiota and hosts has received a lot of
attention in recent years from both physicians
and researchers, there is still a need for a
deeper comprehension of the complicated
GMBA relationship. In addition, the
microbiota-derived amino acid metabolism is
a significant element that points to large
alterations in the microbiome. Amino acids
metabolized by gut microbiota might have an
effect on the progression of nigrostriatal
degeneration in people with Parkinson's
disease (PD). Gut It's possible that microbiota
and amino acids could be used as treatment
targets for PD.

Conflict of Interests

All authors declare no conflict of interest.

Ethics approval and consent to participate

No human or animals were used in the
present research.



Cell. Mol. Biomed. Rep.

Consent for publications

All authors read and approved the final
manuscript for publication.

Informed Consent

The authors declare not used any patients
in this research.

Availability of data and material

The data that support the findings of this
study are available from the corresponding
author upon reasonable request.

Authors' contributions

All authors had equal role in study design,
work, statistical analysis and manuscript
writing.

Funding

This research did not receive any specific
grant from funding agencies in the public,
commercial, or not-for-profit sectors.

References

1. Goralczyk-Binkowska A, Szmajda-Krygier D,
Kozlowska E (2022) The Microbiota-Gut-
Brain Axis in Psychiatric Disorders. Int ]
Mol Sci 23 (19). doi:
https://doi.org/10.3390/ijms231911245

2. Li C, Liang Y, Qiao Y (2022) Messengers
From the Gut: Gut Microbiota-Derived
Metabolites on Host Regulation. Front
Microbiol 13: 863407. doi:
https://doi.org/10.3389/fmich.2022.8634
07

3. Ortega MA, Alvarez-Mon MA, Garcia-
Montero C, Fraile-Martinez O, Guijarro LG,
Lahera G, Monserrat ], Valls P, Mora F,
Rodriguez-Jimenez R, Quintero ], Alvarez-
Mon M (2022) Gut Microbiota Metabolites
in Major Depressive Disorder-Deep
Insights into Their Pathophysiological Role
and Potential Translational Applications.
Metabolites 12 (D). doi:
https://doi.org/10.3390/metabo1201005
0

4. Pinheiro Campos AC, Martinez RCR, Auada
AVV, Lebrun I, Fonoff ET, Hamani C,
Pagano RL (2022) Effect of Subthalamic
Stimulation and Electrode Implantation in
the Striatal Microenvironment in a
Parkinson's Disease Rat Model. Int ] Mol Sci

2021, 1(4): 168-180

23 (20). doi:
https://doi.org/10.3390/ijms232012116

5. Sun Y, Wang S, Liu B, Hu W, Zhu Y (2023)
Host-Microbiome Interactions: Tryptophan
Metabolism and Aromatic Hydrocarbon
Receptors after Traumatic Brain Injury. Int
] Mol Sci 24 (13). doi:
https://doi.org/10.3390/ijms241310820

6. Tamura H, Nishio R, Saeki N, Katahira M,
Morioka H, Tamano H, Takeda A (2022)
Paraquat-induced intracellular Zn(2+)
dysregulation causes dopaminergic
degeneration in the substantia nigra, but
not in the striatum. Neurotoxicology 90:
136-144. doi:
https://doi.org/10.1016/j.neuro.2022.03.0
10

7. Tseng KY, Kuo TT, Wang V, Huang EY, Ma
KH, Olson L, Hoffer B], Chen YH (2022)
Tetrabenazine Mitigates Aberrant Release
and Clearance of Dopamine in the
Nigrostriatal System, and Alleviates L-
DOPA-Induced Dyskinesia in a Mouse
Model of Parkinson's Disease. Journal of
Parkinson's disease 12 (5): 1545-1565.
doi: https://doi.org/10.3233/jpd-223195

8. Wang W, Jiang S, Xu C, Tang L, Liang Y, Zhao
Y, Zhu G (2022) Interactions between gut
microbiota and Parkinson's disease: The
role of microbiota-derived amino acid
metabolism. Front Aging Neurosci 14:
976316. doi:
https://doi.org/10.3389/fnagi.2022.97631
6

9. Choi SM, Cho SH, Kang KW, Kim JM, Kim BC
(2021) Family history of hand tremor in
patients with early Parkinson's disease.
Journal of clinical neuroscience : official
journal of the Neurosurgical Society of
Australasia 90: 161-164. doi:
https://doi.org/10.1016/j.jocn.2021.05.04
1

10. Choudhury GR, Daadi MM (2018) Charting
the onset of Parkinson-like motor and non-
motor symptoms in nonhuman primate
model of Parkinson's disease. PLoS One 13
(8): e0202770. doi:
https://doi.org/10.1371/journal.pone.020
2770

11. Savitt ], Aouchiche R (2020) Management
of Visual Dysfunction in Patients with
Parkinson's Disease. Journal of Parkinson's
disease 10 (sD): S$49-s56.  doi:
https://doi.org/10.3233 /jpd-202103

175 |Page



https://doi.org/10.3390/ijms231911245
https://doi.org/10.3389/fmicb.2022.863407
https://doi.org/10.3389/fmicb.2022.863407
https://doi.org/10.3390/metabo12010050
https://doi.org/10.3390/metabo12010050
https://doi.org/10.3390/ijms232012116
https://doi.org/10.3390/ijms241310820
https://doi.org/10.1016/j.neuro.2022.03.010
https://doi.org/10.1016/j.neuro.2022.03.010
https://doi.org/10.3233/jpd-223195
https://doi.org/10.3389/fnagi.2022.976316
https://doi.org/10.3389/fnagi.2022.976316
https://doi.org/10.1016/j.jocn.2021.05.041
https://doi.org/10.1016/j.jocn.2021.05.041
https://doi.org/10.1371/journal.pone.0202770
https://doi.org/10.1371/journal.pone.0202770
https://doi.org/10.3233/jpd-202103

2021, 1(4): 168-180

12. Fereshtehnejad S-M, Romenets SR, Anang
JB, Latreille V, Gagnon ]-F, Postuma RB
(2015) New clinical subtypes of Parkinson
disease and their longitudinal progression:
a prospective cohort comparison with
other phenotypes. JAMA neurology 72 (8):
863-873. doi:
https://doi.org/10.1001/jamaneurol.2015.
0703

13. Tofaris GK, Goedert M, Spillantini MG
(2017) The transcellular propagation and
intracellular trafficking of a-synuclein. Cold
Spring Harbor perspectives in medicine 7
(9: a024380. doi:
https://doi.org/10.1101%2Fcshperspect.a
024380

14. Grazia Spillantini M, Anthony Crowther R,
Jakes R, Cairns NJ, Lantos PL, Goedert M
(1998) Filamentous a-synuclein inclusions
link multiple system atrophy with
Parkinson's disease and dementia with
Lewy bodies. Neuroscience Letters 251 (3):
205-208. doi:
https://doi.org/10.1016/S0304-
3940(98)00504-7

15. Spillantini MG, Crowther RA, Jakes R,
Hasegawa M, Goedert M (1998) «a-
Synuclein in filamentous inclusions of
Lewy bodies from Parkinson’s disease and
dementia with Lewy bodies. Proceedings of
the National Academy of Sciences 95 (11):
6469-6473. doi:
https://doi.org/10.1073 /pnas.95.11.6469

16. Furness ]B, Callaghan BP, Rivera LR, Cho
H-] (2014) The Enteric Nervous System
and Gastrointestinal Innervation:
Integrated Local and Central Control. In:
Lyte M, Cryan JF (eds) Microbial
Endocrinology: The Microbiota-Gut-Brain
Axis in Health and Disease. Springer New
York, New York, NY, pp 39-71.
doi:https://doi.org/10.1007/978-1-4939-
0897-4 3

17. Qu Z-D, Thacker M, Castelucci P,
Bagyanszki M, Epstein ML, Furness ]B
(2008) Immunohistochemical analysis of
neuron types in the mouse small intestine.
Cell and tissue research 334 (2): 147-161.
doi: https://doi.org/10.1007/s00441-008-
0684-7

18. Gulbransen BD, Sharkey KA (2012) Novel
functional roles for enteric glia in the
gastrointestinal tract. Nature reviews
Gastroenterology & hepatology 9 (11):

176 |Page

Cell. Mol. Biomed. Rep.

625-632. doi:
https://doi.org/10.1038 /nrgastro.2012.13
8

19. Grundmann D, Loris E, Maas-Omlor S,
Huang W, Scheller A, Kirchhoff F, Schifer
KH (2019) Enteric glia: S100, GFAP, and
beyond. The Anatomical Record 302 (8):
1333-1344. doi:
https://doi.org/10.1002/ar.24128

20. Bhukya S,SS,SS,JAQ, AA RaniN,KD, A
D, Nag TC, A S (2021) Morphological
changes of the myenteric plexus at
different gut segments of human fetuses.
Journal of histotechnology 44 (3): 150-159.
doi:
https://doi.org/10.1080/01478885.2020.
1862604

21. Pan W, Rahman AA, Stavely R, Bhave §,
Guyer R, Omer M, Picard N, Goldstein AM,
Hotta R (2022) Schwann Cells in the
Aganglionic Colon of Hirschsprung Disease
Can Generate Neurons for Regenerative
Therapy. Stem cells translational medicine
11 (12): 1232-1244. doi:
https://doi.org/10.1093 /stcltm/szac076

22. Sanchini G, Vaes N, Boesmans W (2023)
Mini-review: Enteric glial cell
heterogeneity: Is it all about the niche?
Neurosci Lett 812: 137396. doi:
https://doi.org/10.1016/j.neulet.2023.137
396

23. Smith M, Chhabra S, Shukla R, Kenny §,
Almond S, Edgar D, Wilm B (2023) The
transition zone in Hirschsprung's bowel
contains abnormal hybrid ganglia with
characteristics of extrinsic nerves. ] Cell
Mol Med 27 (2): 287-298. doi:
https://doi.org/10.1111/jcmm.17659

24. Spencer NJ, Hu H (2020) Enteric nervous
system: sensory transduction, neural
circuits and gastrointestinal motility.
Nature reviews Gastroenterology &
hepatology 17 (6): 338-351. doi:
https://doi.org/10.1038/s41575-020-
0271-2

25. Endres K, Schéfer K-H (2018) Influence of
commensal microbiota on the enteric
nervous system and its role in
neurodegenerative diseases. Journal of
innate immunity 10 (3): 172-180. doi:
https://doi.org/10.1159/000488629

26. Blanco AM, Calo |, Soengas JL (2021) The
gut-brain axis in vertebrates: implications
for food intake regulation. The Journal of



https://doi.org/10.1001/jamaneurol.2015.0703
https://doi.org/10.1001/jamaneurol.2015.0703
https://doi.org/10.1101%2Fcshperspect.a024380
https://doi.org/10.1101%2Fcshperspect.a024380
https://doi.org/10.1016/S0304-3940(98)00504-7
https://doi.org/10.1016/S0304-3940(98)00504-7
https://doi.org/10.1073/pnas.95.11.6469
https://doi.org/10.1007/978-1-4939-0897-4_3
https://doi.org/10.1007/978-1-4939-0897-4_3
https://doi.org/10.1007/s00441-008-0684-7
https://doi.org/10.1007/s00441-008-0684-7
https://doi.org/10.1038/nrgastro.2012.138
https://doi.org/10.1038/nrgastro.2012.138
https://doi.org/10.1002/ar.24128
https://doi.org/10.1080/01478885.2020.1862604
https://doi.org/10.1080/01478885.2020.1862604
https://doi.org/10.1093/stcltm/szac076
https://doi.org/10.1016/j.neulet.2023.137396
https://doi.org/10.1016/j.neulet.2023.137396
https://doi.org/10.1111/jcmm.17659
https://doi.org/10.1038/s41575-020-0271-2
https://doi.org/10.1038/s41575-020-0271-2
https://doi.org/10.1159/000488629

Cell. Mol. Biomed. Rep.

experimental biology 224 (Pt 1). doi:
https://doi.org/10.1242 /jeb.231571

27. Hill AE, Wade-Martins R, Burnet PW]
(2021) What Is Our Understanding of the
Influence of Gut Microbiota on the
Pathophysiology of Parkinson's Disease?
Front Neurosci 15: 708587. doi:
https://doi.org/10.3389/fnins.2021.70858
7

28. Matsubara Y, Kiyohara H, Teratani T,
Mikami Y, Kanai T (2022) Organ and brain

crosstalk: The liver-brain axis in
gastrointestinal, liver, and pancreatic
diseases. Neuropharmacology 205:
108915. doi:

https://doi.org/10.1016/j.neuropharm.20
21.108915

29. Navarro A, Boveris A (2009) Brain
mitochondrial dysfunction and oxidative
damage in Parkinson’s disease. Journal of
Bioenergetics and Biomembranes 41: 517-
521. doi: https://doi.org/10.1007/s10863-
009-9250-6

30. Browning KN, Carson KE (2021) Central
Neurocircuits Regulating Food Intake in
Response to Gut Inputs-Preclinical
Evidence. Nutrients 13 (3). doi:
https://doi.org/10.3390/nu13030908

31. Neuhuber WL, Berthoud HR (2022)
Functional anatomy of the vagus system:
How does the polyvagal theory comply?
Biological psychology 174: 108425. doi:
https://doi.org/10.1016/j.biopsycho.2022.
108425

32. van Weperen VYH, Vaseghi M (2023)
Cardiac vagal afferent neurotransmission

in health and disease: review and
knowledge gaps. Front Neurosci 17:
1192188. doi:

https://doi.org/10.3389/fnins.2023.11921
88

33. Imai ], Katagiri H (2022) Regulation of
systemic metabolism by the autonomic
nervous system consisting of afferent and
efferent innervation. International
immunology 34 (2): 67-79. doi:
https://doi.org/10.1093/intimm/dxab023

34. Minic Z, O'Leary DS, Reynolds CA (2022)
Spinal Reflex Control of Arterial Blood
Pressure: The Role of TRP Channels and
Their Endogenous Eicosanoid Modulators.
Front  Physiol 13: 838175. doi:
https://doi.org/10.3389/fphys.2022.8381
75

2021, 1(4): 168-180

35. Wachsmuth HR, Weninger SN, Duca FA
(2022) Role of the gut-brain axis in energy
and glucose metabolism. Experimental &
molecular medicine 54 (4): 377-392. doi:
https://doi.org/10.1038/s12276-021-
00677-w

36. Goronzy JJ, Li G, Yang Z, Weyand CM
(2013) The janus head of T cell aging-
autoimmunity and immunodeficiency.
Frontiers in immunology 4: 131. doi:
https://doi.org/10.3389/fimmu.2013.001
31

37. Calabrese V, Santoro A, Monti D, Crupi R,
Di Paola R, Latteri S, Cuzzocrea S, Zappia M,
Giordano ], Calabrese E]J (2018) Aging and
Parkinson's Disease: Inflammaging,
neuroinflammation and biological
remodeling as key factors in pathogenesis.
Free Radical Biology and Medicine 115: 80-
91.doi:

38. Mészaros A, Molnar K, Négradi B, Hernadi
Z, Nyul-Téth A, Wilhelm I, Krizbai IA
(2020) Neurovascular inflammaging in
health and disease. Cells 9 (7): 1614. doi:
https://doi.org/10.3390/cells9071614

39.Zhu M, Liu X, Ye Y, Yan X, Cheng Y, Zhao L,
Chen F, Ling Z (2022) Gut microbiota: a
novel therapeutic target for Parkinson’s
disease. Frontiers in Immunology 13:
937555. doi:
https://doi.org/10.3389/fimmu.2022.937
555

40. Braak H, Tredici KD, Rib U, de Vos RAI,
Jansen Steur ENH, Braak E (2003) Staging
of brain pathology related to sporadic
Parkinson’s disease. Neurobiology of Aging
24 (2): 197-211. doi:
https://doi.org/10.1016/S0197-
4580(02)00065-9

41. Noyce AJ, Bestwick JP, Silveira-Moriyama
L, Hawkes CH, Giovannoni G, Lees A],
Schrag A (2012) Meta-analysis of early
nonmotor features and risk factors for
Parkinson disease. Annals of neurology 72
(6): 893-901. doi:
https://doi.org/10.1002/ana.23687

42. Romano S, Savva GM, Bedarf ]R, Charles IG,
Hildebrand F, Narbad A (2021) Meta-
analysis of the Parkinson’s disease gut
microbiome suggests alterations linked to
intestinal inflammation. npj Parkinson's
Disease 7 (D): 27. doi:
https://doi.org/10.1038/s41531-021-
00156-z

177 |Page


https://doi.org/10.1242/jeb.231571
https://doi.org/10.3389/fnins.2021.708587
https://doi.org/10.3389/fnins.2021.708587
https://doi.org/10.1016/j.neuropharm.2021.108915
https://doi.org/10.1016/j.neuropharm.2021.108915
https://doi.org/10.1007/s10863-009-9250-6
https://doi.org/10.1007/s10863-009-9250-6
https://doi.org/10.3390/nu13030908
https://doi.org/10.1016/j.biopsycho.2022.108425
https://doi.org/10.1016/j.biopsycho.2022.108425
https://doi.org/10.3389/fnins.2023.1192188
https://doi.org/10.3389/fnins.2023.1192188
https://doi.org/10.1093/intimm/dxab023
https://doi.org/10.3389/fphys.2022.838175
https://doi.org/10.3389/fphys.2022.838175
https://doi.org/10.1038/s12276-021-00677-w
https://doi.org/10.1038/s12276-021-00677-w
https://doi.org/10.3389/fimmu.2013.00131
https://doi.org/10.3389/fimmu.2013.00131
https://doi.org/10.3390/cells9071614
https://doi.org/10.3389/fimmu.2022.937555
https://doi.org/10.3389/fimmu.2022.937555
https://doi.org/10.1016/S0197-4580(02)00065-9
https://doi.org/10.1016/S0197-4580(02)00065-9
https://doi.org/10.1002/ana.23687
https://doi.org/10.1038/s41531-021-00156-z
https://doi.org/10.1038/s41531-021-00156-z

2021, 1(4): 168-180

43. Houser M(C, Tansey MG (2017) The gut-
brain axis: is intestinal inflammation a
silent driver of Parkinson’s disease
pathogenesis? NP] Parkinson's disease 3
(D): 3. doi:
https://doi.org/10.1038/s41531-016-
0002-0

44. Dodiya HB, Forsyth CB, Voigt RM, Engen
PA, Patel ], Shaikh M, Green SJ, Nagib A, Roy
A, Kordower JH, Pahan K, Shannon KM,
Keshavarzian A (2020) Chronic stress-
induced gut dysfunction exacerbates
Parkinson's disease phenotype and
pathology in a rotenone-induced mouse
model of Parkinson's disease. Neurobiol
Dis 135: 104352. doi:
https://doi.org/10.1016/j.nbd.2018.12.01
2

45. Gerhardt S, Mohajeri MH (2018) Changes

of Colonic Bacterial Composition in
Parkinson's Disease and Other
Neurodegenerative Diseases. Nutrients 10
(6). doi:

https://doi.org/10.3390/nu10060708

46. Li C, Cui L, Yang Y, Miao ], Zhao X, Zhang ],
Cui G, Zhang Y (2019) Gut Microbiota
Differs Between Parkinson's Disease
Patients and Healthy Controls in Northeast
China. Front Mol Neurosci 12: 171. doi:
https://doi.org/10.3389/fnmol.2019.0017
1

47. Romano S, Savva GM, Bedarf R, Charles IG,
Hildebrand F, Narbad A (2021) Meta-
analysis of the Parkinson's disease gut
microbiome suggests alterations linked to
intestinal inflammation. NP] Parkinsons
Dis 7 (D): 27. doi:
https://doi.org/10.1038/s41531-021-
00156-z

48. Aho VT, Pereira PA, Voutilainen S, Paulin L,
Pekkonen E, Auvinen P, Scheperjans F
(2019) Gut microbiota in Parkinson's
disease: temporal stability and relations to
disease progression. EBioMedicine 44:
691-707. doi:
https://doi.org/10.1016/j.ebiom.2019.05.
064

49. Scheperjans F, Aho V, Pereira PA, Koskinen
K, Paulin L, Pekkonen E, Haapaniemi E,
Kaakkola S, Eerola-Rautio ], Pohja M
(2015) Gut microbiota are related to
Parkinson's disease and clinical phenotype.
Movement Disorders 30 (3): 350-358. doi:
https://doi.org/10.1002/mds.26069

178 | Page

Cell. Mol. Biomed. Rep.

50. Bhattarai Y, Kashyap PC (2020)
Parkinson’s disease: Are gut microbes
involved? American Journal of Physiology-
Gastrointestinal and Liver Physiology 319
(5): G529-G540. doi:
https://doi.org/10.1152/ajpgi.00058.2020

51. Boertien JM, Pereira PA, Aho VT,
Scheperjans F (2019) Increasing
comparability and utility of gut
microbiome studies in Parkinson'’s disease:
a systematic review. Journal of Parkinson's
disease 9  (s2): S297-S312. doi:
https://doi.org/10.3233/]PD-191711

52. Heinzel S, Aho VT, Suenkel U, von Thaler
AK, Schulte C, Deuschle C, Paulin L,
Hantunen S, Brockmann K, Eschweiler GW
(2021) Gut microbiome signatures of risk
and prodromal markers of Parkinson
disease. Annals of neurology 90 (3): E1-
E12. doi:
https://doi.org/10.1002/ana.26128

53. Houser MC, Chang ], Factor SA, Molho ES,
Zabetian CP, Hill-Burns EM, Payami H,
Hertzberg VS, Tansey MG (2018) Stool
immune profiles evince gastrointestinal
inflammation in Parkinson's disease.
Movement Disorders 33 (5): 793-804. doi:
https://doi.org/10.1002/mds.27326

54. Mulak A, Koszewicz M, Panek-Jeziorna M,
Koziorowska-Gawron E, Budrewicz S
(2019) Fecal calprotectin as a marker of
the gut immune system activation is
elevated in Parkinson’s disease. Frontiers
in neuroscience 13: 992. doi:
https://doi.org/10.3389/fnins.2019.00992

55. Ahrodia T, Das S, Bakshi S, Das B (2022)
Structure, functions, and diversity of the
healthy human microbiome. Progress in
molecular biology and translational science
191 (D: 53-82. doi:
https://doi.org/10.1016/bs.pmbts.2022.0
7.003

56. Shao Y, Jiang Y, Li H, Zhang F, Hu Z, Zheng
S (2021) Characteristics of mouse
intestinal microbiota during acute liver
injury and repair following 50% partial
hepatectomy. Experimental and
therapeutic medicine 22 (3): 953. doi:
https://doi.org/10.3892/etm.2021.10385

57. Wang D (2023) Metagenomics Databases
for Bacteria. Methods in molecular biology
(Clifton, NJ)  2649: 55-67. doi:
https://doi.org/10.1007/978-1-0716-
3072-3 3



https://doi.org/10.1038/s41531-016-0002-0
https://doi.org/10.1038/s41531-016-0002-0
https://doi.org/10.1016/j.nbd.2018.12.012
https://doi.org/10.1016/j.nbd.2018.12.012
https://doi.org/10.3390/nu10060708
https://doi.org/10.3389/fnmol.2019.00171
https://doi.org/10.3389/fnmol.2019.00171
https://doi.org/10.1038/s41531-021-00156-z
https://doi.org/10.1038/s41531-021-00156-z
https://doi.org/10.1016/j.ebiom.2019.05.064
https://doi.org/10.1016/j.ebiom.2019.05.064
https://doi.org/10.1002/mds.26069
https://doi.org/10.1152/ajpgi.00058.2020
https://doi.org/10.3233/JPD-191711
https://doi.org/10.1002/ana.26128
https://doi.org/10.1002/mds.27326
https://doi.org/10.3389/fnins.2019.00992
https://doi.org/10.1016/bs.pmbts.2022.07.003
https://doi.org/10.1016/bs.pmbts.2022.07.003
https://doi.org/10.3892/etm.2021.10385
https://doi.org/10.1007/978-1-0716-3072-3_3
https://doi.org/10.1007/978-1-0716-3072-3_3

Cell. Mol. Biomed. Rep.

58. Cirstea MS, Yu AC, Golz E, Sundvick K,
Kliger D, Radisavljevic N, Foulger LH,
Mackenzie M, Huan T, Finlay BB (2020)
Microbiota composition and metabolism
are associated with gut function in
Parkinson's disease. Movement Disorders
35 (7): 1208-1217. doi:
https://doi.org/10.1002/mds.28052

59. Wallen ZD, Appah M, Dean MN, Sesler CL,
Factor SA, Molho E, Zabetian CP, Standaert
DG, Payami H (2020) Characterizing
dysbiosis of gut microbiome in PD:

evidence for overabundance of
opportunistic pathogens. npj Parkinson's
Disease 6 (D: 11. doi:

https://doi.org/10.1038/s41531-020-
0112-6

60. Hasegawa S, Goto S, Tsuji H, Okuno T,
Asahara T, Nomoto K, Shibata A, Fujisawa
Y, Minato T, Okamoto A (2015) Intestinal
dysbiosis and lowered serum
lipopolysaccharide-binding  protein in
Parkinson’s disease. PloS one 10 (11):
e0142164. doi:
https://doi.org/10.1371/journal.pone.014
2164

61. Minato T, Maeda T, Fujisawa Y, Tsuji H,
Nomoto K, Ohno K, Hirayama M (2017)
Progression of Parkinson's disease is
associated with gut dysbiosis: two-year
follow-up study. PloS one 12 (11):
e0187307. doi:
https://doi.org/10.1371/journal.pone.018
7307

62. Zeissig S, Birgel N, Giinzel D, Richter ],
Mankertz ], Wahnschaffe U, Kroesen A],
Zeitz M, Fromm M, Schulzke JD (2007)
Changes in expression and distribution of
claudin 2, 5 and 8 lead to discontinuous
tight junctions and barrier dysfunction in
active Crohn’s disease. Gut 56 (1): 61-72.
doi:
http://dx.doi.org/10.1136/gut.2006.0943
75

63. Yang D, Zhao D, Ali Shah SZ, Wu W, Lai M,
Zhang X, Li ], Guan Z, Zhao H, Li W (2019)
The role of the gut microbiota in the
pathogenesis of Parkinson's disease.
Frontiers in neurology 10: 1155. doi:
https://doi.org/10.3389 /fneur.2019.0115
5

64. Clairembault T, Leclair-Visonneau L, Coron
E, Bourreille A, Le Dily S, Vavasseur F,
Heymann M-F, Neunlist M, Derkinderen P

2021, 1(4): 168-180

(2015) Structural alterations of the
intestinal epithelial barrier in Parkinson’s
disease. Acta neuropathologica
communications 3: 1-9. doi:
https://doi.org/10.1186/s40478-015-
0196-0

65. Schwiertz A, Spiegel ], Dillmann U,

Grundmann D, Birmann ], Faf3bender K,
Schiafer K-H, Unger MM (2018) Fecal
markers of intestinal inflammation and
intestinal permeability are elevated in
Parkinson's disease. Parkinsonism &
Related Disorders 50: 104-107. doi:
https://doi.org/10.1016/j.parkreldis.2018.
02.022

66. Forsyth CB, Shannon KM, Kordower JH,

Voigt RM, Shaikh M, Jaglin JA, Estes ]D,
Dodiya HB, Keshavarzian A (2011)
Increased intestinal permeability
correlates with sigmoid mucosa alpha-
synuclein staining and endotoxin exposure
markers in early Parkinson's disease. PloS
one 6 (12): e28032. doi:
https://doi.org/10.1371 /journal.pone.002
8032

67. Trist BG, Hare D], Double KL (2019)

Oxidative stress in the aging substantia
nigra and the etiology of Parkinson's
disease. Aging cell 18 (6): e13031. doi:
https://doi.org/10.1111/acel.13031

68. Ambrosi G, Cerri S, Blandini F (2014) A

further update on the role of excitotoxicity
in the pathogenesis of Parkinson’s disease.
Journal of neural transmission 121: 849-
859. doi: https://doi.org/10.1007/s00702-
013-1149-z

69. Lindahl M, Chalazonitis A, Palm E,

Pakarinen E, Danilova T, Pham TD, Setlik
W, Rao M, Voikar V, Huotari J, Kopra ],
Andressoo J-0, Piepponen PT, Airavaara M,
Panhelainen A, Gershon MD, Saarma M
(2020) Cerebral dopamine neurotrophic
factor-deficiency leads to degeneration of
enteric neurons and altered brain
dopamine neuronal function in mice.
Neurobiology of Disease 134: 104696. doi:
https://doi.org/10.1016/j.nbd.2019.10469
6

70. Lee H-C, Wei Y-H (2005) Mitochondrial

biogenesis and mitochondrial DNA
maintenance of mammalian cells under
oxidative stress. The International Journal
of Biochemistry & Cell Biology 37 (4): 822-
834. doi:

179 |Page


https://doi.org/10.1002/mds.28052
https://doi.org/10.1038/s41531-020-0112-6
https://doi.org/10.1038/s41531-020-0112-6
https://doi.org/10.1371/journal.pone.0142164
https://doi.org/10.1371/journal.pone.0142164
https://doi.org/10.1371/journal.pone.0187307
https://doi.org/10.1371/journal.pone.0187307
http://dx.doi.org/10.1136/gut.2006.094375
http://dx.doi.org/10.1136/gut.2006.094375
https://doi.org/10.3389/fneur.2019.01155
https://doi.org/10.3389/fneur.2019.01155
https://doi.org/10.1186/s40478-015-0196-0
https://doi.org/10.1186/s40478-015-0196-0
https://doi.org/10.1016/j.parkreldis.2018.02.022
https://doi.org/10.1016/j.parkreldis.2018.02.022
https://doi.org/10.1371/journal.pone.0028032
https://doi.org/10.1371/journal.pone.0028032
https://doi.org/10.1111/acel.13031
https://doi.org/10.1007/s00702-013-1149-z
https://doi.org/10.1007/s00702-013-1149-z
https://doi.org/10.1016/j.nbd.2019.104696
https://doi.org/10.1016/j.nbd.2019.104696

2021,1(4):168-180 Cell. Mol. Biomed. Rep.

https://doi.org/10.1016/j.biocel.2004.09.0 research bulletin 133: 51-59. doi:
10 https://doi.org/10.1016/j.brainresbull.20
71. Barodia SK, Creed RB, Goldberg MS (2017) 16.12.004

Parkin and PINK1 functions in oxidative
stress and neurodegeneration. Brain

(1)

@ Copyright © 2021 by the author(s). This is an open access article distributed
under the terms and conditions of the Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/)

How to Cite This Article:

Dominguez Huarcaya LR, Mohammadi MR, Dominguez Rios MF (2021) Gut microbiota and

parkinson's disease. Cellular, Molecular and Biomedical Reports 1 (4): 168-180. doi:
10.55705/cmbr.2021.410426.1165

Download citation:

180 | Page


https://doi.org/10.1016/j.biocel.2004.09.010
https://doi.org/10.1016/j.biocel.2004.09.010
https://doi.org/10.1016/j.brainresbull.2016.12.004
https://doi.org/10.1016/j.brainresbull.2016.12.004
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.cmbr-journal.com/?_action=export&rf=ris&rc=177795
https://www.cmbr-journal.com/?_action=export&rf=enw&rc=177795
https://www.cmbr-journal.com/?_action=export&rf=ris&rc=177795
https://www.cmbr-journal.com/?_action=export&rf=bibtex&rc=177795
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

