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Abstract: Parkinson’s disease (PD) is a serious threat to the health of middle—aged and elderly people. The
etiology of the disease remains unclear. Recent studies have found that the occurrence of PD is closely related
to the intestinal microbiome, which is involved in the process of PD by affecting the intestinal barrier permea—
bility, inflammation and oxidative stress levels and the release of neurotransmitters through the microbe—gut—
brain axis. Dietary intervention, supplementation with suitable probiotics and fecal microbiota transplantation
(FMT) can effectively alleviate or improve the symptoms of PD, and may be useful to treat the disease. How—
ever, due to the great heterogeneity of gut microbes, much work needs to be done to reveal the correlation
between PD and intestinal microbiome.
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Fig.1 Overview of dysregulation of gut microbiota in PD

Gut microbes play a crucial role in two—way communication between the gut and the brain. Intestinal microbial imbalance leads
to increased intestinal permeability, increased intestinal microbial metabolites with pro—inflammatory effects, such as lipopoly—
saccharide (LPS), which can increase intestinal inflammation, a—synuclein aggregation and neuroinflammation. Several interven—
tions based on intestinal microbes can improve intestinal microecological disorders, such as dietary intervention, probiotic inter—

vention and fecal microbiota transplantation (FMT).
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Table 1 Differences in gut bacteria between PD patients and healthy controls
Number (PD  Sequencing Decreased Increased
patient/control) method microbiome microbiome
80/77M 16S TRNA  Prevotella Parabacteroides, Verrucomicrobia, A kkermansia,
Butyricimonas, Veillonella, Odoribacter, Mucispiri—
llum, Bilophila, Enterococcus and Lactobacillus
64/64"! 16S rRNA  Prevotellaceae, Lachnospiraceae, Puniceicoccaceae, Bifidobacteriaceae, Rikenellaceae,
Roseburia, Blautia, Prevotella and Clostridium X IVa Lactobacillaceae and Bifidobacterium
89/66" 16S tDNA  Dorea, Bacteroides, Prevotella, Faecalibacterium, Christensenella, Catabacter, Lactobacillus,
Bacteroides massiliensts, Stoquefichus massiliensis,  Oscillospira, Bifidobacterium,
Bacteroides coprocola, Blautia glucerasea, Dorea Christensenella minuta, Catabacter hongkongensis,
longicatena, Bacteroides doret, Bacteroides plebeus,  Lactobacillus mucosae, Ruminococcus bromii and
Prevotella copri, Coprococcus eutactus and Papillibacter cinnamivorans
Ruminococcus callidus
24/1417M 16S rfRNA  Blautia, Faecalibacterium and Ruminococcus Escherichia, Shigella, Streptococcus,
Proteus and Enterococcus
71/3018 16S TRNA  Coprococcus, Faecalibacterium and Closiridium Bacteroidaceae, Ruminococcaceae, Streptcoccaceae,
Bacteroides, Streptococcus and Veillonella
197/103™ 16S TRNA  Lachnospiraceae, Roseburia and Faecalibacterium Christensenellaceae, Desulfovibrionaceae, Bifidoba—
ctertum, Collinsella, Bilophila and Akkermansia
80/72! 16S TRNA  Lachnospiraceae, Roseburia Lactobacillaceae, Enterobacteriaceae, Enterococca—
ceae, Citrobacter, Enterococcus, Lactococcus, Kleb—
siella, Salmonella, Shigella and unclassified Entero—
bacteriaceae
63/137*! 16S rRNA  Bacteroidetes, Fusobacteria and Fusobacterium Firmicutes, Actinobacteria, Verrucomicrobia,
Oscillospira and Akkermansia
64/512 16S TRNA  Bacteroides, Blautia, Lachnospira, Butyrivibrio, Actinobacteria, Proteobacteria, Verrucomicrobia,
Roseburia, Pseudobutyrivibrio, Brevibacterium, Akkermansia, Escherichia, Bifidobacterium,
Dolichospermum, Coprococcus and Odortbacter Streptococcus, Clostridium, Serratia, Veillonella,
Prosthecobacter, Enterobacter and Slackia
75/45% 16S TRNA  Tenericutes, Euryarchaeota, Firmicutes, Streptococ—  Eubacteriaceae, Bifidobacteriaceae, Aerococcaceae,
caceae, Methylobacteriaceae, Comamonadaceae, Desulfovibrionaceae
Brucellaceae, Pasteurellaceae, Micrococcaceae,
Methanobacteriacea
197/130 16S TRNA  Blautia, Roseburia and Lachnospiraceae Bacteroidetes, Bifidobacteriaceae, Lactobacillaceae,
Christensenellaceae and Verrocomicrobiaceae
51/48> 16S rRNA  Lactobacillaceae, Lactobacillales, Bacteroidales_S24— A kkermansia, Methanobrevibavter smithii,

7_group, Bacilli and Lactobacillus

Ruminococcus callidus, Roseburia inulinivorans,

Parabacteroides merdae and Prevotella copri
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Table 2 Effect of probiotics on patients with PD

Probiotics Subject Dose Treatment duration Outcome

Multi—strain probiotics™*! Human 1x10" CFU/d 4 weeks Effectively improve constipation

Lactobacillus acidophilus, Human 8x10° CFU/d 12 weeks Have useful impact on MDS-UPDRS,

Bifidobacterium bifidum, hs—CRP, GSH, MDA, and

Lactobacillus reuteri and insulin metabolism

Lactobacillus fermentum™

Lactobacillus acidophilus, Human 3x10" CFU (twice daily) 8 weeks Improve bowel opening frequency

Lactobacillus casei, and whole gut transit time

Lactobacillus lactis,

Bifidobacterium infantis and

Bifidobacterium longum™"

Bacillus licheniformis, Human  Bacillus licheniformis, 2.5x10° 12 weeks Improve the constipation symptoms and

Lactobacillus acidophilus, CFU, 2 capsules each time, positively affect the gut microbiota

Bifidobactertum longum, three times daily; BIFICO,

Enterococcus faecalis™ 1x10” CFU per strain, 4

capsules each time, twice daily

Bifidobacterium breve™® Mouse  1x10° CFU/d 4 days Improves cognitive deficits and restores the
facilitation of contextual fear extinction

Bifidobacterium breve™ Mouse  1x10° CFU/d 5 weeks Protects dopaminergic neurons and
suppresses glial cell hyperactivation and
neuroinflammation

Clostridium butyricumP" Mouse  5x10° CFU/d 4 weeks Improves motor deficits, dopaminergic
neuron loss, synaptic dysfunction and
microglia activation

Lactobacillus plantarum™ Mouse  2x10° CFU/d 14 days Suppresses oxidative stress, represses
proinflammatory response, and modulates
gut microbiota

Lacticaseibacillus Rat 1x10° CFU/d 6 weeks Selectively improves

rhamnosus®™!

hippocampal—dependent cognitive deficits

7E: CFU, # % M E4%; MDS-UPDRS, B Fri& ) [ 5% mth 2 -4 — a2 & 9538 & &; hs—CRP, #4 C & &% &; GSH,

ARk, MDA, & =85 BIFICO, 33E (&4 H 4 A,

Notes: CFU, colony forming unit; MDS—UPDRS, the Movement Disorders Society —Unified Parkinson’s Disease Rating Scale;
hs—CRP, high—sensitivity C—reactive protein; GSH, glutathione; MDA, malondialdehyde; BIFICO, a probiotic cocktail.
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