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Introduction.

Abstract: Parkinson's Disease (PD), a neurodegenerative disorder characterized by
dopaminergic neuron loss in the substantia nigra, presents a significant unmet therapeutic
need. While current treatments primarily focus on managing symptoms, increasing
evidence suggests a potential role for probiotics in mitigating disease progression and
improving patient outcomes. The gut-brain axis, a bidirectional communication pathway
between the gut microbiota and the central nervous system, is increasingly recognized as a
key player in PD pathogenesis. Dysbiosis, an imbalance in gut microbial composition, has
been consistently observed in PD patients, characterized by reduced beneficial bacteria and
increased pathogenic species. This dysbiosis may contribute to increased intestinal
permeability ("leaky gut"), leading to inflammation and the translocation of bacterial
products into the bloodstream, potentially triggering neuroinflammation and exacerbating
neuronal damage in the brain. Probiotics, live microorganisms that confer health benefits
upon ingestion, offer a promising therapeutic strategy by modulating gut microbiota
composition and function. Preclinical studies using animal models of PD have demonstrated
that specific probiotic strains, such as Lactobacillus and Bifidobacterium species, can
attenuate motor deficits, reduce neuroinflammation, and improve gut barrier integrity.
These effects are often associated with alterations in short-chain fatty acid (SCFA)
production, known to possess neuroprotective properties. Furthermore, probiotics may
influence the production of neurotransmitters such as serotonin and dopamine, impacting
mood and motor control. However, human studies on probiotics and PD remain limited and
often yield inconsistent results. Challenges include variations in probiotic strains, dosages,
and study designs, hindering the establishment of clear efficacy. Future research should
focus on identifying specific probiotic strains with demonstrable efficacy in larger, well-
designed clinical trials, considering individual patient characteristics and gut microbiota
profiles for personalized probiotic therapies. Nevertheless, the accumulating preclinical and
early clinical evidence strongly suggests that exploring the therapeutic potential of
probiotics in PD warrants further investigation, potentially offering a novel and safe
adjuvant therapy to improve disease management and quality of life for patients.
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Parkinson’s disease is a common and complex neurological disorder. The first detailed description of

Parkinson’s disease was made almost two centuries ago, but the concept of the disease continues to evolve. At

its core, Parkinson’s disease is a neuro- degenerative disease with early prominent death of dopaminergic
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neurons in the substantia nigra pars compacta (SNpc). The resultant dopamine deficiency within the basal
ganglia leads to a movement disorder characterised by classical parkinsonian motor symptoms. (Bloem et al.,
2021)

Parkinson’s disease is also associated with numerous non-motor symptoms, some of which precede the motor
dysfunction by more than a decade. The mainstay of Parkinson’s disease management is symptomatic
treatment with drugs that increase dopamine concentrations or directly stimulate dopamine receptors.
However, Parkinson’s disease involves neurotransmitters other than dopamine and regions of the nervous
system outside the basal ganglia. (Tolosa et al., 2021)

Previously, Parkinson'’s disease was thought to be caused primarily by environmental factors, but research is
revealing that the disease develops from a complicated interplay of genetics and environment. (Weintraub et
al,, 2022a)

Thus, Parkinson’s disease is now viewed as a slowly progressive neurodegenerative disorder that begins years
before diagnosis can be made, implicates multiple neuroanatomical areas, results from a combination of genetic
and environmental factors, and manifests with a broad range of symptoms. These complexities of Parkinson’s
disease are accompanied by clinical challenges. (Jankovic & Tan, 2020)

In particular, diagnostic tests which allow for definitive diagnosis at early stages of the disease do not exist. The
gold standard for diagnosis of Parkinson’s disease has been the presence of SNpc degeneration and Lewy
pathology at post-mortem pathological examination. Lewy pathology consists of abnormal aggregates of o-
synuclein protein, called Lewy bodies and Lewy neurites. The association between Lewy pathology and
pathogenesis of the disease is poorly understood. Management strategies for many of the disabling features
that occur in late stages of the disease are poor. These features include motor symptoms that do not respond
to dopaminergic therapies or develop as complications of long-term dopaminergic drug use, as well as an array
of non-motor symptoms. (Fanning et al., 2020)

Disease-modifying treatments that reduce the rate of neurodegeneration or stop the disease process have
remained elusive and are the greatest unmet therapeutic need in Parkinson’s disease. However, the
understanding of the pathogenesis of Parkinson’s disease is expanding and thereby helping to identify potential
targets for disease modification. (Abdukodirov et al., 2022)

Clinical features

The classical motor symptoms of Parkinson’s disease have been recognised as prominent components of the
disease since James Parkinson’s initial description in the 19th century, later refined by Jean-Martin Charcot.
These parkinsonian symptoms include bradykinesia, muscular rigidity, rest tremor, and postural and gait
impairment.(Varadi, 2020)

Motor features in patients with Parkinson’s disease are heterogeneous, which has prompted attempts to
classify subtypes of the disease. A consensus on the classification of Parkinson’s disease subtypes has not yet
been established, but empirical clinical observations suggest two major subtypes: tremor-dominant
Parkinson’s disease (with a relative absence of other motor symptoms) and non-tremor-dominant Parkinson'’s
disease (which includes phenotypes described as akinetic-rigid syn- drome and postural instability gait
disorder). (Cilia et al.,, 2020)

An additional subgroup of patients with Parkinson’s disease has a mixed or indeterminate phenotype with
several motor symptoms of comparable severity. Course and prognosis of disease differ between the subtypes;
tremor-dominant Parkinson’s disease is often associated with a slower rate of progression and less functional
disability than non-tremor-dominant Parkinson’s disease. Furthermore, the various Parkinson’s disease
subtypes are hypothesised to have distinct aetiologies and pathogenesis. (Bloem et al,, 2021b)

Non-motor features include olfactory dysfunction, cognitive impairment, psychiatric symptoms, sleep
disorders, autonomic dysfunction, pain, and fatigue. These symptoms are common in early Parkinson’s disease
and are associated with reduced health-related quality of life. (Weintraub et al., 2022b)

Non-motor features are also frequently present in Parkinson’s disease before the onset of the classical motor
symptoms. This premotor or prodromal phase of the disease can be characterised by impaired olfaction,
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constipation, depression, excessive daytime sleepiness, and rapid eye movement sleep behaviour disorder
(RBD. (Tolosa et al., 2021b)

In fact, mood disorders and constipation have both been shown to nearly double an individual’s risk of
subsequently developing Parkinson’s disease. The premotor phase can be prolonged; for example, the average
latency between onset of RBD and occurrence of parkinsonian motor symptoms is 12-14 years. (Hayashida et
al.,, 2021)

Motor and non-motor symptoms coexist in Parkinson's disease (PD), a degenerative neurological condition
(Sveinbjornsdottir 2016). A lack of dopamine in the substantia nigra pars compacta is linked to the symptoms
of Parkinson's disease (PD) (Jankovic 2008). Evidence suggests that oxidative stress, inflammatory pathways,
aquaporins, growth factors, and gut microbiota are all involved in the pathophysiology of PD, which contributes
to the disease's complex etiology (Parashar and Udayabanu 2017; Hassanzadeh and Rahimmi 2018; Romano
et al. 2021; Tamtaji et al. 2019a; Sidorova and Saarma 2020). The motor phenotype in PD has been suggested
to be connected to the alteration in gut microbiota (Scheperjans et al. 2015).

Jankovic and Stacy (2007) state that symptomatic treatment with various dopaminergic medications seeks to
control motor abnormalities. Furthermore, numerous dietary and supplemental approaches have
demonstrated promise in managing PD and other age-related diseases. These include flavonoids (Tamtaji et al.
2020a), vitamins (Suzuki et al. 2013), fatty acids (Tamtaji et al. 2019b), melatonin (Tamtaji et al. 2020b), and
probiotic bacteria (Magistrelli et al. 2019). There are a number of proposed methods by which probiotics might
protect the central nervous system (CNS). According to the results of a complete gene expression study, a
probiotic product made up of eight different strains of Gram-positive bacteria was able to control the amount
of gene expression in brain tissue. Distrutti et al. (2014) found that probiotics may alter the expression of genes
including synapsin and BDNF, which are involved in neural plasticity and inflammatory processes. According
to Mohammadi et al. (2019), LPS seems to downregulate the expression of procaspase-3 protein and Bcl-2, but
elevated the expression of Bax and cleaved caspase-3. However, the Bax/Bcl-2 ratio and Bax were both reduced
by the prophylactic administration of probiotics (L. helveticus R0052+B. longum R0175), while Bcl-2
expression was increased. In addition, Muhammadi et al. (2019) found that pretreatment with bacterial
probiotics greatly enhanced procaspase-3 expression while simultaneously decreasing the level of cleaved
caspase-3 in target tissues. This led to a diminution of caspase-3 activity produced by LPS. In an animal model
of Alzheimer's disease (AD), the injection of Lactobacillus plantarum enhances gut microbiota diversity (Tan et
al. 2020). In an animal model of Alzheimer's disease, researchers found that administering probiotics reduced
oxidative stress and improved spatial function (Asl et al. 2019). Animal models of multiple sclerosis have
demonstrated that probiotics alleviate inflammation and clinical symptoms (Lavasani etal. 2010). Additionally,
a study conducted by Rahimlou et al. in 2020 found that probiotic administration enhanced mental health,
exhaustion, and discomfort in multiple sclerosis patients, as well as increasing BDNF and decreasing IL-6 levels.
Seizure severity, spatial memory, and oxidative stress in rats caused with pentylenetetrazole can be
ameliorated by administering probiotics (Bagheri et al. 2019). It has also been suggested that probiotics be
used in order to manage PD. A number of clinical trials have shown that taking probiotic supplements can help
with constipation, bowel habits, stool consistency, and even scores on the MDS-UPDRS, which is used in
Parkinson's disease clinical trials. Furthermore, probiotics exacerbated motor-cognitive impairments in a PD
animal model, according to animal research (Tamtaji et al. 2019c¢; Castelli et al. 2020; Alipour Nosrani et al.
2020). Because of their ability to decrease inflammatory reactions and oxidative stress while increasing brain-
derived neurotrophic factors (BDNF), probiotics have been suggested as a potential treatment for Parkinson's
disease (PD) (Tamtaji et al. 2019¢; Castelli et al. 2020).

More research into the molecular and cellular mechanisms that mediate the anti-Parkinsonian benefits of
probiotics might shed light on potential therapeutic options for Parkinson's disease. In this article, we will try
to give interested readers a more up-to-date picture of the area by examining the present status of probiotic
treatment in PD.
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Gut microbiota and PD

Borre et al. (2014) found that gut microbes play a significant impact in brain development. According to Sarkar
and Banerjee (2019), an imbalance in the microbiota in the gut might cause an overabundance of T helper cells,
pro-inflammatory cytokines, and lipopolysaccharides, which in turn can enhance the permeability of the
intestinal and blood-brain barriers. The pathophysiology of neurodegenerative illnesses like Alzheimer's and
Parkinson's may thus include the gut microbiota (Sarkar and Banerjee 2019).

Intestinal microbial flora may have a role in the onset and progression of PD, according to some (Marizzoni et
al. 2017). The gut bacteria impact brain cells and, by extension, the digestive tract, through a variety of methods.
These microbes influence the brain-gut axis by possible neurological, immunological, and neuroendocrine
routes. Some researchers have proposed a relationship between PD gastrointestinal symptoms and
dysregulation of the brain-gut-microbiota axis. Systemic inflammation can occur when the innate immune
system is overstimulated, which can be caused by gut dysbiosis, an overpopulation of tiny intestinal bacteria,
or increased intestinal permeability. It is also possible for alpha-synuclein misfolding to begin with activation
of glial cells and enteric neurons. Furthermore, human antigens reacting with bacterial proteins can disrupt the
acquired immune system (Mulak and Bonaz 2015). One possible link between motor phenotypes in PD and
changes in the composition of the gut microbiota has been proposed (Scheperjans et al. 2015). The following
changes in microorganisms species were observed in PD; decreased Bacteroides, Dorea, Prevotella,
Bacteroides massiliensis, Faecalibacterium, Stoquefichus massiliensis, Blautia glucerasea, Bacteroides
coprocola, Dorea longicatena, Bacteroides plebeius, Bacteroidesdorei, Prevotella copri, Ruminococcus callidus,
Coprococcus eutactus, and raised Catabacter, Christensenella, Lactobacillus, Bifidobacterium, Papillibacter
cinnamivorans, Oscillospira, Christensenella minuta, Lactobacillus mucosae, Catabacter hongkongensis, and
Ruminococcus bromii. The formation of Lewy bodies (LBs), inflammation, and a-synuclein aggregation could
be the outcome of these changes (Petrov et al. 2017). Disease severity and motor impairment were shown to
be correlated with low levels of Lacnospiraceae and high levels of Enterobacteriaceae families, according to
reports from Hoehn and Yahr and MDS-UPDRS Part III (Pietrucci et al. 2019). Although some PD patients follow
Braak's staging, others do not have LP in the dorsal motor nucleus of the vagal nerve (DMV) but higher brain
regions are affected. It is important to highlight that not all PD patients comply to the exact pattern of LP spread
suggested by Braak. Moreover, olfactory issues are unrelated to LP in the enteric nervous system (ENS), and
approximately one-third of PD patients do not have any LP in the ENS.

An imbalance in the gut microbiota's makeup may also be regulated by probiotics. In addition to regulating
apoptosis, cytokine production, and reactive oxygen species (ROS), they improve the function of the gut
epithelial barrier (Azad et al. 2018). Research has demonstrated that the microbiota in the gut can produce
endocrine signaling molecules in two ways: indirectly and directly.Acetate, propionate, and butyrate are
important signaling molecules produced by the microbiota; these are known as short-chain fatty acids (SCFAs)
(Westfall et al. 2017). Their important functions include stimulating neurotransmitter synthesis in both the
central and peripheral nervous systems, inhibiting apoptosis through caspase cascades, and limiting the
creation of reactive oxygen species (ROS) by upregulating FoxP transcription. Among the essential molecules
produced by microbiota is ferulic acid, which suppresses inflammatory responses, production of caspase-3,
ROS suppression through PRX/Trx signaling, and apoptosis suppression through CRMP2 inhibition (Westfall
etal. 2017).

Additionally, there is evidence that the gut bacteria community was improved after probiotic delivery.
Probiotic supplementation significantly increased the number of beneficial bacteria and decreased the number
of harmful bacteria in the gut following symbiotic consumption. In addition, Hosseinifard et al. (2019) found
that probiotics reduced glial cell function (GFAP and GDNF) and levels of TLR-2, IL-17, and IL-6 in the colon
and brain. A number of taxa, including the more common Lactobacillus, Bifidobacterium, and Streptococcus
species, showed an increase in abundance after VSL3 administration (Tankou et al. 2018). Inflammatory
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indicators rise and dendritic cells (DCs), macrophages (MQs), and endothelial cells (ECs) attach to toll-like
receptors (TLR-2, 4). One possible intracellular mechanism by which LPS increases intestinal permeability is
the elevation of CD14 membrane expression, which is dependent on TLR-4 (Guo et al. 2013). On the other hand,
cytokine release via TLRs (ECs, MQs, and DCs) may also mediate the anti-inflammatory and
immunomodulatory effects generated by probiotics. Increased levels of TGF- and IL-10 can be caused by their
effects on the development and proliferation of immune cells, including T-reg cells, as well as B cells and CD
cells. According to Morshedi et al. (2019), probiotics have the potential to increase gut permeability by
weakening transepithelial junctions (T]Js), which in turn decreases the entry of LPS and other pathogens into
the circulation through the lumen.

Probiotics and PD

Probiotics and clinical symptom in PD

The symptoms of Parkinson's disease can be either motor or non-motor in nature (Sveinbjornsdottir 2016).
The non-motor symptoms of Parkinson's disease include cognitive dysfunction, depression, anhedonia, apathy,
and constipation (Sveinbjornsdottir 2016). Sveinbjornsdottir (2016) lists bradykinesia, falls, postural
instability, speech disturbance, gait freezing, and tremor as motor symptoms of PD.

One strategy for managing PD is to take probiotics. According to Tamtaji etal. (2019c), some PD symptoms may
be alleviated by taking a probiotic supplement that includes Bifidobacterium bifidum, Lactobacillus
acidophilus, Lactobacillus fermentum, and Lactobacillus reuteri.Fermented milk with certain probiotic strains
can help PD patients whose constipation is bad, according to research by Barichella et al. (2016). Furthermore,
probiotics enhance PD patients' bowel habits and stool consistency. According to a 2011 study by Cassini et al.
In a separate study conducted by Ibrahim et al. (2020), it was found that PD patients experiencing constipation
might improve their entire gut transit time and bowel opening frequency with the use of a multi-strain
probiotic (Hexbio®) eight weeks later. The use of probiotics was also shown to enhance the frequency of loose
bowel movements by other researchers (Tan etal.,, 2021). Secondary outcomes, such as life quality as it pertains
to constipation and stool consistency, also showed improvements after multiple comparisons were corrected.
Further studies found that treating constipation with probiotics (Bifidobacterium infantis and Lactobacillus
acidophilus) may be less effective than trimebutine, but may alleviate bloating and abdominal pain to the same
extent (Georgescu et al. 2016). In a 6-OHDA-induced Parkinson's disease animal model, the probiotic
formulation SLAB51 ameliorated motor dysfunction. (Fuentes et al., 2020). Furthermore, animal models of 6-
OHDA-induced PD have demonstrated that a combination of probiotics, including Bifidobacterium bifidum,
Lactobacillus fermentum, Lactobacillus acidophilus, and Lactobacillus reuteri, can enhance apomorphine-
induced rotating behavior and spatial memory. (Nosrani et al. 2020, Alipour). Probiotics reduced the amount
of 6-OHDA-induced spins in an animal model of Parkinson's disease, according to another study (Mirzanaeni
et al. 2019). According to Visfiuk et al. (2020), motor skills can be improved by giving Streptococcus
thermophilus CRL 808, Lactobacillus plantarum CRL 2130, and Streptococcus thermophilus CRL 807.
Furthermore, Sun et al. (2021) found that motor deficits in MPTP-induced PD were ameliorated by oral
administration of Clostridium butyricum. Hsieh et al. (2020) found that motor impairments, including
abnormal gait patterns, motor coordination, and balance, were reduced with daily dosing. While
Lacticaseibacillus rhamnosus HA-114 probiotics did not influence anxiety-like behavior in a 6-OHDA-induced
PD animal model, they did increase cognitive impairments (Xie and Prasad 2020). Lastly, a mouse model of PD
was found to have contextual fear extinction restored after oral injection of B. breve A1 (Ishii et al. 2021).
Disadvantageous metabolic activities, insufficient immune responses, increased expression of genes involved
in antibiotic resistance, systemic infections, and altered intestinal tract integrity can result from inadequate
probiotic consumption, despite the benefits of probiotics (Daliri et al. 2019; Doron and Snydman 2015).
Extensive clinical trials on probiotic efficacy have revealed their potential to modulate dysbiosis regulation in
several pathological phenotypes and diseases (Jiménez-Pranteda et al.,, 2015). Next time we study people with
dysbiosis, we need to make sure we collect consistent data on the kind of probiotics they take, how much of
them, and for how long. In addition, for probiotics to have the desired effects, they must be administered in
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accordance with established protocols for clinical trials. Several factors, including the bacterial probiotics’
strain, the method of administration, and the ultimate therapeutic efficacy, might influence the appropriate
dosages of probiotics (Ouwehand 2017). Forssten and Ouwehand (2020) note that most probiotic assays
prioritise end outcomes and changed clinical factors over the creation of consensus guidelines for the correct
administration of these probiotics. Without jeopardizing the integrity of science, clinical trials may give doctors
and scientists the ability to check the outcomes of trials and look for new ways to apply trial results in parallel
(Pencina et al. 2016). The vast majority of probiotic clinical trials, however, fail to provide sufficient data
regarding bacterial strains, dosage, or administration method. Therefore, additional research is required to
address this data gap, as it could enhance their potential for future clinical and translational advantages.
Recent research has investigated the therapeutic effects and clinical features of probiotic treatment in PD
patients. Compared to a non-PD group that was age and sex-matched, people with PD had a higher prevalence
of UTIs and RT infections in this research. Additionally, PD patients tended to have lengthier hospital stays (Su
etal. 2018). According to Mogna et al. (2012) and (2016), certain probiotic strains have the potential to inhibit
the growth of common microbial pathogens like E. coli and Klebsiella pneumoniae. Furthermore, it was
discovered by Van Kessel et al. (2019) that some probiotics produce tyrosine decarboxylase, or TDC. TDC is an
enzyme produced by bacteria that efficiently converts levodopa into dopamine in the gut. Contaminants like
tyrosine or inhibitors of human decarboxylase do not affect this reaction. Patients with Parkinson's disease
who had intestinal bacterial TDC had much lower levodopa levels in situ (van Kessel et al. 2019). The tdc gene
family was discovered in the genomes of many different species of bacteria, most notably in the Enterococcus
and Lactobacillus genera (Perez et al. 2016, 2015). A higher need for daily doses of levodopa has been linked
to a high concentration of bacterial tdc in stool specimens of PD patients (van Kessel et al. 2019).

Probiotic and biochemical markers in PD

Wei et al. (2018) found that oxidative stress is a known factor in neurological illnesses, including PD.
Dopaminergic cell death in Parkinson's disease is thought to be triggered by oxidative stress, a common
underlying mechanism. Referenced in Sanders and Greenamyre (2013). An imbalance in the redox status,
brought about by an excess of reactive oxygen species (ROS), is what causes oxidative stress. Various
intracellular components, including as mitochondria, the endoplasmic reticulum, peroxisomes, Xanthine
oxidases, and NADPH oxidases, are responsible for producing reactive oxygen species (ROS) (Kim et al. 2015).
Microglia-mediated neurotoxicity involves NADPH oxidase. According to Block et al. (2007), it is the main way
that microglia produce extracellular reactive oxygen species. (Lull and Block 2010; Kim and Joh 2006) When
microglia are activated, they release cytotoxic substances like tumor necrosis factor (TNF), reactive oxygen
species (ROS), and nitric oxide (NO). There is evidence that the release of IL-1, IL-6, and TNF-« increases in
PD. According to Bessler et al. as published in 1999. Neurodegeneration may result from the exacerbation of
neuro-inflammation brought on by microglia-released pro-inflammatory cytokines (Ramirez et al. 2017).
Additionally, PD patients whose illness severity is substantially connected with elevated serum inflammatory
cytokine levels (Kouchaki et al. 2018).

The maintenance of dopaminergic neurons is a critical function of BDNF. Dopaminergic cell death in PD is
accompanied by a decrease in BDNF. Therefore, neurons in PD are at risk of damage if their BDNF mRNA levels
are low. In 2000, Wells et al. There is evidence linking the pathogenesis of Parkinson's disease to BDNF and
TrkB, the receptor for this protein. In 2020, Jin published... Neurons in PD are protected from oxidative stress
injury when the TrkB/PI3K/Akt signaling pathway activates Nrf2 (Hannan et al. 2020; Park et al. 2019; Ren et
al. 2019).

There is a significant function for 4-hydroxynonenal in neurodegeneration. It has a role in the process of
oxidative stress-induced neuronal death (Zarkovic 2003). According to Kraemer et al. (2014), 0.4-
hydroxynonenal activates p75, which controls the production of a-synuclein in Parkinson's disease. In 2018,
Chen et al. Furthermore, apoptosis is facilitated by p-JNK and p-ERK1,2 (Lee et al,, 2003; Pan et al,, 2007). One
possible treatment for Parkinson's disease is the suppression of p-JNK and p-ERK1,2.References: (Wang et al.,
2004; Dong et al., 2020).
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Potential novel therapeutic techniques for neurological illnesses have emerged, including antioxidant and anti-
inflammatory supplements. Probiotic microorganisms are one kind of dietary supplement. Our earlier research
demonstrated that MS patients whose diets included probiotics including Lactobacillus fermentum,
Bifidobacterium lactis, Lactobacillus casei, Bifidobacterium infantis, and Lactobacillus plantarum had lower
levels of hs-CRP and IL-6 and higher levels of IL-10, an anti-inflammatory factor. Furthermore, MDA, 8-OHdG,
and insulin resistance were all reduced when individuals consumed probiotics (Tamtaji et al. 2019c¢). Another
study found that patients with PD whose diets include probiotics had an improvement in gene expression of
TNF-a, IL-1, [L-8, and TGF-f. In 2018, Borzabadi et al. Furthermore, in an animal model of PD, lipid peroxidation
was reduced by a mixture of probiotics that included Lactobacillus acidophilus, Lactobacillus reuteri,
Bifidobacterium bifidum, and Lactobacillus fermentum. (Nosrani et al. 2020, Alipour). Probiotic strains
reduced inflammation and oxidative stress in PD, according to an in vitro study. They also boosted levels of
anti-inflammatory cytokines. (The quote is from Magistralli et al.2019). Castelli et al. (2020) found that in an in
vitro model of PD, the probiotic formulation SLAB51 improved mBDNF, p-TrkB, p-ERK5, p-CREB, PI3K/Akt,
HO-1, p-Nrf2, and PPARYy. Furthermore, according to Castelli et al. (2020), NF-kB, 4-hydroxynonenal, p-JNK, p-
ERK1,2, and P75 were all downregulated in PD after administering the probiotic formulation SLAB51.
According to Visfiuk et al. (2020), the anti-inflammatory cytokine interleukin 10 was elevated in both the brain
and serum, when Streptococcus thermophilus CRL 808, Lactobacillus plantarum CRL 2130, and Streptococcus
thermophilus CRL 807 were administered. These microorganisms also decreased tumor necrosis factor-alpha
in serum and inflammatory cytokine interleukin 6. At the same time, Clostridium butyricum heightened
microglial activation in MPTP-induced PD. Additionally, Sun et al. (2021) found that therapy with Clostridium
butyricum corrected the gut microbiota dysbiosis in the MPTP-induced PD. In contrast, Dwyer et al. (2021)
found no evidence that VSL#3 mitigated inflammation in a mouse model of LPS-induced PD. Therefore, it is
evident that further research into the function of probiotics in PD is warranted.

Probiotic and dopamine in PD

The brain's catecholamine production is limited by the rate-limiting enzyme tyrosine hydroxylase (TH). Zhu et
al. (2012) found that PD results from a decrease in dopamine (DA) production caused by a decrease in TH
expression. The downregulation of a-synuclein increases TH activity and DA production. Thus, a-synuclein acts
as a regulator of DA in a negative manner (Liu et al. 2008). Furthermore, microglia are directly activated and
pro-inflammatory cytokine production results from the overexpression of a-synuclein (Theodore et al. 2008).
According to Scudamore and Ciossek (2018), Hashimota et al. (1999), and Souza et al. (2000), a-synuclein
aggregation can be caused by elevated oxidative stress.

Dopaminergic neurons in the striatum and substantia nigra were rescued and TH immunoreactivity was
increased by the probiotic formulation SLAB51 (Castelli et al. 2020). Furthermore, in PD experimental models,
probiotic formulation restored PSD95 and reverted the decline in dopaminergic transporter levels. (Fuentes et
al,, 2020). The substantia nigrain is an animal model of PD generated by 6-OHDA. A mixture of probiotics
containing Lactobacillus acidophilus, Lactobacillus reuteri, Bifidobacterium bifidum, and Lactobacillus
fermentum reduced neuronal damage in this model (Alipour Nosrani etal. 2020). Hsieh et al. (2020) found that
probiotic treatment retained TH-positive cells in the substantia nigra of PD mice. A study conducted by Visfiuk
et al. (2020) in an animal model of Parkinson's disease found that the brain TH-positive cell counts were
increased after the administration of Streptococcus thermophilus CRL 808, Lactobacillus plantarum CRL 2130,
and Streptococcus thermophilus CRL 807. In MPTP-induced PD, the probiotic Clostridium butyricum increased
synaptic dysfunction and the death of dopaminergic neurons. According to Sun et al. (2021). However, in a
lipopolysaccharide-induced PD mouse model, VSL#3 was unable to avert a decrease in substantia nigra
dopamine neuron density (Dwyer et al. 2021). In PD animals, there was a notable drop in the levels of
postsynaptic density protein-95 and synaptophysin mRNA expression in the hippocampus, along with an
increase in the levels of neuropsin mRNA and protein. In addition, the number of CA1 apical spines decreased
in mice with PD. Nevertheless, when PD mice were given B. breve A1, the effects were reversed and the CAl
spine density was returned to control levels. The results demonstrate that aberrant changes in hippocampal
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synaptic plasticity are associated with increased neuropsin induction and that B. breve Al inhibits its
expression. Fear extinction was facilitated in PD mice after treatment, which corrected the aberrant
hippocampus synaptic plasticity.

Parkinson's disease (PD) is a prevalent neurodegenerative illness that manifests in both motor and non-motor
symptoms. One of the molecular processes of PD is increased inflammation and oxidative stress, which can
occur prior to the motor symptoms. Another indication is gastrointestinal dysfunction. There is currently no
cure for PD, however therapies can alleviate symptoms. Ideally, a solution would slow the disease's course.
The gut-brain axis can be regulated by administering probiotics, which may provide neuroprotection. Table 1
shows that some have hypothesized that probiotics reduce the incidence of neurological illnesses; nevertheless,
this idea has to be further investigated and validated. The potential of probiotics in treating Parkinson's disease
and other neurological illnesses can be better understood by studying the biochemical changes that occur when

individuals with these conditions take probiotic supplements.

Authors Years Human/animal Supplementation Clinical results
Cassani et al. 2011 Patients with PD Fermented milk drink containing 6.5 x 109 CFU of Lactobacillus casei Shirota  Improving stool consistency as well as
(2011) bowel habits
Barichella et 2016  Patients with PD Fermented milk, containing multiple probiotic strains and prebiotic fiber Improving the constipation
al. (2016)
Tamtaji et al. 2019 Patients with PD Lactobacillus acidophilus, Bifidobacterium bifidum, Lactobacillus reuteri,and  Improving UPDRS
(2019c) Lactobacillus fermentum
Mirzanaeni et 2019  Animal model of Probiotic Bacillus coagulans Improving apomorphine-
al. (2019) PD induced by 6- induced rotational behavior
OHDA
Castelli et al. 2020  Animal model of Probiotic formulation SLAB51 Improving motor impairment
(2020) PD induced by 6-
OHDA
Alipour 2020  Animal model of Probiotics including Lactobacillus acidophilus, Bifidobacterium bifidum, Improving apomorphine -rotational
Nosrani etal. PD induced by 6- Lactobacillus reuteri, and Lactobacillus fermentum behavior and spatial memory
(2020) OHDA
Visfiuk et al. 2020 Animal model of PD  Lactobacillus plantarum CRL 2130, Streptococcus thermophilus CRL 807 and  Improving motor skills
(2020) induced by MPTP Streptococcus thermophilus CRL 808
Hsieh et al. 2020 Agenetic MitoPark  Bifidobacterium bifidum, Bifidobacterium longum, Lactobacillus rhamnosus, Improving motor impairments in gait
(2020) PD mouse model Lactobacillus rhamnosus GG, Lactobacillus plantarum LP28, and Lactococcus  pattern, balance function, and motor
lactis subsp. Lactis coordination
Ibrahim et al. 2020 Patients with PD Probiotic (Hexbio) in orange flavoring containing microbial cell preparation improving bowel opening frequency and
(2020) of (MCP1BCMC1) at 30 x 109 colony forming units (CFU), 2% whole gut transit time
fructooligosaccharide (FOS), and lactose. The microbial composition of
the probiotics were: Lactobacillus acidophilus (BCMC1 12,130)—107 mg,
Lactobacillus casei (BCMC1 12,313)—107 mg, Lactobacillus lactis (BCMC1
12,451)-107 mg, (BCMC1 02,290)—107 mg, Bifidobacterium infantis
(BCMC102,129)—107 mg and Bifidobacterium longum (BCMC1 02,120)—
107 mg
Xie and 2020  Animal model of Lacticaseibacillus rhamnosus HA-114 No impact on anxiety-like
Prasad (2020) PD induced by 6- behavior Improving
OHDA hippocampal dependent
cognition deficits
Sun etal. 2021 Animal model of PD  Probiotic Clostridium butyricum Improving motor deficits
(2021) induced by MPTP
Tanetal. 2021 Patients with PD Lactobacillus acidophilus, Lactobacillus reuteri, Lactobacillus gasseri, Increasing spontaneous bowel
(2021) Lactobacillus rhamnosus, Bifidobacterium bifidum, Bifidobacterium longum, movements Improving stool
Enterococcus faecalis, Enterococcus faecium consistency and quality of life related
to constipation
Ishii et al. Animal model of PD  Bifidobacterium breve strain A1 [MCC1274] (B. breve Al) Restored facilitation of contextual fear

(2021)

induced by MPTP

extinction in PD mice
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