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Figure 1: Sequencing information statistics and OTU species analysis. (a) Sequence length
distribution graph. (b) Species accumulation curve. (¢) Rank-Abundance curves. (d) Pan analysis
diagram. (e) Core curve. (f) Dilution curve. A is the negative control group, C is the MPTP group,
D is the ACNS0+MPTP group, E is the ACN100+MPTP group, and F is the ACN200+MPTP group.
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Figure 2: Alpha diversity analysis. (a) Sobs curve. (b) Chao curve. (¢) Ace curve. (d) Shannoneven
curve. (e) Simpson curve. (f) Coverage curve. A is the negative control group, C is the MPTP group,
D is the ACNS0+MPTP group, E is the ACN100+MPTP group, and F is the ACN200+MPTP group.
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Figure 3: Beta diversity analysis. (a) PCoA plot. (b) PLS-DA plot. (c) Beta diversity intergroup
difference box plot.
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Figure 4: Heat maps of communities below the level of phylum (a) and genus (b). A is the negative
control group, C is the MPTP group, D is the ACN50+MPTP group, E is the ACN100+MPTP group,
and F is the ACN200+MPTP group. n=6 mice per group.
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Figure 5: (a) LEfSe multi-level species hierarchy tree. (b) LDA discrimination histogram. A is the
negative control group, C is the MPTP group, D is the ACN50+MPTP group, E is the
ACN100+MPTP group, and F is the ACN200+MPTP group. n=6 mice per group.



Heatmap of Pathway Level

Metabolic pathways

Biosynthesis of secondary metabolies

Microbial metabolism in diverse environments

Blosynthasis of amino ackds

Garbon metabolism

Ribosome

ABC wransparters

Purine metabolism

Twa-camponent system

Pyrimiding metabolsm

Glyealysis | Gluconzogenesis

Quorym sensing

‘Armina sugarand nucleotide sugar metabolism

Starch and sucrose metaboksm

| AminoacyHRNA biosynthesis

L Alanine, aspartate and glutamate metabolsm

0 Cysteine and methionine metabalism
0 Pyruvate metabolsm

i Homologaus recombination

Glycine, serine and threcnine metabolism

Peptidaglycan biosynthesis

Oxidative phasphorylation

Carbon foxation pathways in prokaryotes

Pentose phosphate pathway

Mismatch repair

Galactose metabolism

Methane metabolism

DNA replication

2Oxocarbaxyiic acid metabolism

Fructose and mannose metabolism

Phenylalanine. tyrosing and tryptophan biosynthesis

Lysine biosynthesis

Glyorylate and dicarboxylate metabolism

Protein export

RNA degradation

Carbon fixation in photosynthetic organisms

Propancate metabolism

Butanoate metabolism

One carbon pool by folate

Gitrate cycle (TCA cycle)

Bacterial secretion system

Terpenaid backbone biosynthesis

Cell cycle - Caulobacter

Pantothenate and CoA biosynthesis

“Thiamine metabolsm

Glyesrophosphalipid metabolism
beta-Lactam resistance

Arginine biosynthesis

Fatty acid metabolism

Porphyrin and chiorophyll metabolistn

*

Variations in compostion of Phenotypes

Facultatively_Anacrobic

Gram_Nogatrve.

Gram_Postive

Contains_Mobiie_Elements.

-Be+h 0z 4 5 18 20 2 24

'—ays
“le+6
-Tess
-3e+5
e+

6 10 12 1t 16
Mean proportions (%)

= 0001985

« 002807

* 003014

DETE

© 002793

A
mc
mo
L3

onfenyg

Figure 6: Effect of ACN on intestinal microbiota diversity in mice with PD-like phenotype.
Relationships between samples and species at the (a) phylum and (d) genus level. Histogram of
significant differences between groups at the level of (b) phylum and (e) genus. Heat maps of
communities below the level of phylum (c) and genus (f). (g) LEfSe multi-level species hierarchy
tree. (h) PICRUSt2 function prediction heat map. (i) Species-phenotypic contribution analysis for
BugBase phenotypic prediction. A is the negative control group, C is the MPTP group, D is the
ACNS50+MPTP group, E is the ACN100+MPTP group, and F is the ACN200+MPTP group. n=6

mice per group.
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Figure 7: Analysis of urine metabolomics approach. QC sample evaluation chart under (a) pos and
(b) neg, dashed line indicates before pretreatment and solid line indicates after pretreatment. (c)
PLS-DA score plots of urine samples in pos and (d) neg mode. (¢) PLS-DA displacement test in pos



and (f) neg mode. A is the negative control group, C is the MPTP group, D is the ACN50+MPTP
group, E is the ACN100+MPTP group, and F is the ACN200+MPTP group.
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Figure 8: Urinary differential metabolite screening in mice with PD-like phenotypes. (a) Plot of
OPLS-DA scores in model and control groups in pos and (b) neg mode. (c) Statistical graph of
KEGG compound classification. A is the negative control group, C is the MPTP group.
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Figure 9: Clustered heatmap of PD differential urine metabolites.
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Figure 10: OPLS-DA scatter plots of 24-h urine in pos (a/c/e) and neg (b/d/f) modes comparing each
ACN intervention group with the MPTP group. C is the MPTP group, D is the ACN50+MPTP
group, E is the ACN100+MPTP group, and F is the ACN200+MPTP group.
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Figure 11: Cluster heat maps of PD urine metabolites in (a) ACN50 group, (b) ACN100 group and
(c) ACN200 group, respectively.
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Figure 12: Clustering heatmaps of key urine differential metabolites of ACN against PD. A is the
negative control group, C is the MPTP group, D is the ACN50+MPTP group, E is the
ACN100+MPTP group, and F is the ACN200+MPTP group. n=6 mice per group.
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Figure 13: Box diagram of key differential metabolites in 24h urine of ACN with effect on PD-like
phenotype mice. A is the negative control group, C is the MPTP group, D is the ACN50+MPTP
group, E is the ACN100+MPTP group, and F is the ACN200+MPTP group.
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Figure 14: iPth plots of key urine differential metabolites of ACN against PD.
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Figure 15: Analysis of serum metabolomics approach. QC sample evaluation chart under (a) pos

and (b) neg mode, dashed line indicates before pretreatment and solid line indicates after

pretreatment. Sample correlation heat maps of (¢) pos and (d) neg mode. (e) PLS-DA score plots of

urine samples in pos and (f) neg mode. A is the negative control group, C is the MPTP group, D is
the ACN50+MPTP group, E is the ACN100+MPTP group, and F is the ACN200+MPTP group.
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Figure 16: Serum differential metabolite screening in mice with PD-like phenotypes. (a) Plot of

OPLS-DA scores in model and control groups in pos and (b) neg mode. (c) Statistical graph of

KEGG compound classification. A is the negative control group, C is the MPTP group.
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Figure 17: Clustered heatmap of PD differential serum metabolites.
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Figure 18: OPLS-DA scatter plots of serum in pos (a/c/e) and neg (b/d/f) modes comparing each
ACN intervention group with the MPTP group. C is the MPTP group, D is the ACN50+MPTP

group, E is the ACN100+MPTP group, and F is the ACN200+MPTP group.
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Figure 19: Cluster heat maps of PD serum metabolites in (a) ACN50 group, (b) ACN100 group and
(c) ACN200 group, respectively.
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Figure 20: Clustering heatmaps of key serum differential metabolites of ACN against PD. A is the
negative control group, C is the MPTP group, D is the ACN50+MPTP group, E is the
ACN100+MPTP group, and F is the ACN200+MPTP group. n=6 mice per group.
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Figure 21: Box diagram of key differential metabolites in serum of ACN with effect on PD-like
phenotype mice. A is the negative control group, C is the MPTP group, D is the ACN50+MPTP
group, E is the ACN100+MPTP group, and F is the ACN200+MPTP group.
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Figure 22: iPth plots of key serum differential metabolites of ACN against PD.



2. Content of ACN in crude extracts of anthocyanins of

Lycium ruthenicum Murray

2.1 Purity of ACN

ACN was supplied by Shaanxi Qingzhi Biotechnology Company, China, with the item number
220926, and the test report form showed that the purity of the crude extract powder was 50%.

PO 2 I A Yy R AT PR A 7
R ¥4 45 2

Certificate of Analysis
Product Name & 4. MM X 50%
Batch Number  #ft 2. 230926
Quantity . 100kg
Date of Inspection H i, 20220926

Analysis 4} Specification #{#% Results %53
BRIEYE 50% Complies £ ¥4
Chemical Control fL24845

Pesticides /R 247 B Negative 7T Complies &#4
Heavy metal S 4R <10ppm Complies &%
Sulphated Ash & f <5% 2.14%
Physical control #)EE {547

Appearance B4R powder kK Complies &%
Odor Sk Characteristic 577k bk Complies &%
Particle size B[ 100% pass 100mesh Complies &
Moisture 7K} 5% 2.32%
Microbiological #4645

Total of bacteria 40 5 % <1000cfu/g Complies &
Fungi # i <100cfu/g Complies &%
Salmonella |7 & Negative T Complies &%
Coli KIg#ri Negative lies &%

o Bk BRPE= SRS Tk
B if: 029- 88765275

S %i: 713809



2.2 Total anthocyanin content in ACN was determined using a

modified PH difference method

2.2.1 Experimental apparatus and reagents

Instruments: UV-1200 visible spectrophotometer (Shanghai Meppan Instruments Co., Ltd.),
ME204E/02 electronic balance (Shanghai Mettler-Toledo Instruments Co., Ltd.)

Reagents: 0.2 mol/L KCl solution, 0.2 mol/L HCI solution, 0.2 mol/L NaAc solution, 0.1 mol/L
citric acid solution, 0.1 mol/L sodium citrate solution, prepared PH1.0, PH4.5, PH3.0 buffer.

2.2.2 Experimental method

Precisely weighed 60.4 mg of the crude extract of Lycium ruthenicum Murray anthocyanin, added
PH3.0 buffer and fixed to 50 ml, and then took 7 ml and fixed to 21 ml to get the sample solution,
after standing for 10 min, the absorbance curve of ACN was obtained by scanning the partially
visible wavelengths between 400-750 nm. Further, the absorbance was measured at the wavelengths
of 520-530 nm to get the absorbance curve.

The sample solution was taken as 3 mL, which was fixed to 9 mL with PH1.0 and PH4.5 buffer
respectively to obtain the test material. After equilibrating for a period of time, the absorbance
values were measured at the maximum absorbance wavelength and 700 nm wavelength
respectively, and the difference of absorbance was shown in Fig. c. It was obtained that the test
material reached equilibrium after 100 min, and A=0.234.

The mass fraction of total anthocyanins was calculated according to the formula.

X_A*MW*DF*V
T exlxm=10

In the formula, X, mass fraction of total anthocyanins, g/100g; A, the difference in absorbance
between the test solutions of the test samples at pH 1.0 and pH 4.5, A=(A naxam-A7000m)PH 1.0-(Apax
am-A700nm)PH 4.5; Mw, the average molar mass of the mixed anthocyanins, g/mol; DF is the dilution
factor; V, total volume of the extraction solution, V/(mL); €, the average molar extinction coefficient
of the mixed anthocyanins, L/(mol-cm); 1, thickness of the cuvette, cm; m, mass of the weighed
sample, g; V, total volume of the extract, V/(mol-cm); V, total volume of the extracted sample, V
mL; &, average molar extinction coefficient of mixed anthocyanins, L/(mol-cm); 1, thickness of
cuvette, cm; m, mass of weighed sample, g; 10, conversion factor from g/kg to g/100g.

2.2.3 Experimental results

The maximum absorption wavelength of the prepared sample was 523 nm as shown in Figures a-b.
From Figure c, the sample reached stabilisation after 100 min of equilibration with A=0.234. The



total anthocyanin content was calculated to be 5.82
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Note: (a) and (b) are the absorbance curves of the sample solution at 400-750 nm and 520-530 nm,
respectively. (¢) Difference in absorbance at 523 nm and 700 nm for the test material.



