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Abstract: Objective To explore the potential synergistic targets of phenols from Sangye (Mori Folium) for Alzheimer’s disease
(AD), cancer and diabetes mellitus based on the in vitro simulated digestion, fermentation and network pharmacology, to provid the
theoretical basis in the treatment of various diseases with Mori Folium. Methods After freeze-dried and pulverized, the fresh Mori
Folium were used for in vitro digestion and intestinal microbial fermentation process. Different products from digestion (or
fermentation) stage were analyzed to screen out the characteristic phenolic substances by UPLC-Q-TOF-MS/MS. The Swiss Target

Prediction and Genecards database were used to screen the potential targets of characteristic phenolic substances in the treatment of
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AD, cancer and diabetes mellitus. The String platform was used to establish a protein-protein interaction (PPI) network diagram. Then
the common key targets between the characteristic phenolic substances and the three diseases were analyzed by Cytoscape, and the
main active components were screened out. The gene ontology (GO) function and Kyoto encyclopedia of genes and genomes (KEGG)
signaling pathway enrichment analysis of the common core targets were performed on the David database. Finally, the molecular
docking of the main active components and common core targets was performed via Autodock vina and PyMol. Results A total of
19 characteristic phenolic substances were detected in in vitro digestion (or fermentation) stage of Mori Folium, and the main active
components were caffeic acid, quercetin and kaempferol. There were 48 common targets among the characteristic phenolic substances
and the three diseases. Ten common core targets (AKT1, TNF, EGFR, PTGS2, SRC, TLR4, CASP3, ESR1, STAT3 and MMP9)
between the characteristic phenolic substances and the three diseases were obtained from PPI analysis. After enrichment analysis of
common core targets were performed, then 120 biological processes, 11 cell components, 14 molecular functions and 35 signaling
pathways were screened out, in which inflammation-related pathways accounted for the highest proportion. The binding energy
between the main active components and common core targets were lower than —5 kcal/mol during the molecular docking. Conclusion
The characteristic phenolic substances produced during different in vitro digestion (fermentation) of Mori Folium may exert therapeutic
effects on AD, cancer and diabetes, which may be mediated by inhibiting chronic inflammation.

Key words: Mori Folium; Alzheimer’s disease; diabetes mellitus; cancer; in vitro digestion; fermentation of intestinal microorganisms;

network pharmacology; caffeic acid; quercetin; kaempferol
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Table 1 Identification of major phenolic compounds in Mori Folium during simulated gastrointestinal digestion and colonic

fermentation in vitro

B2 m/min [M—H] MS? FEE T o S
(m/z) (m/z)
SY1  0.863 191.0566 191.056 3, 111.009 0, 87.009 0, ZF# (quinic acid) G. I. F
85.029 8
SY2 1.932  353.0892 191.0558,135.0455,85.0294  Z¢Jifig (chlorogenic acid) G. I. F
SY3 2030 179.0510 135.0442,134.0372,136.9236 WIHEER (caffeic acid) G. 1. F
SY4 2741  353.0890 191.0574 Bt JRIR (5-caffeoylquinic acid) G.I. F
SY5  3.811 177.0128 135915 6, 89.039 3, 105.035 0, WAL (caffeoquinone) F
136.922 1
SY6  4.669  609.1465 447.092 4,285.040 1, 283.026 9 Z=My-3,7- —-O-F E ¥ETFF (kaempferol-3,7-di-O- G. I. F
glucos1de)
SY7 6.935  625.1417 463.086 6,300.028 1 FRRE (quercetin 3-O-sophoroside) G. LF
SY8 9952 609.1479 300.028 1 2T (rutin) G. I. F
SY9 10.671 463.0901 300.028 3 S 2R (quercetin 3-O-glucoside) G. . F
SY10 11.723  505.0993 300.027 9, 301.033 5 Wit J 2-3-0-(6"- 2. Bt #i & #EH) [quercetin 3-0-(6"- G+ I. F
acetyl-glucoside)]
SYIl 11.793  549.0898 505.100 0, 300.028 3 Wit B2 % -3-0- T4 — Bk 7 % B (quercetin 3-O- G- I. F
malonylglucoside )
SY12 11.88  593.1526 285.0405 L 25/ -3-O-F B KL -(152)- A BT [kaempferol G. 1. F
3-0-glucosyl-(1—2)-rhamnoside]
SY13 12355  447.0945 284.033 1,285.039 1,255.030 2, & =HF (astragalin) G. I. F
227.0353
SY14 12362 515.1189 353.089 9, 191.055 7, 179.034 1, —WiMEBEZE TR (dicaffeoylquinic acid) G

173.045 0, 135.045 4

SY15 13.073  447.0953 284.0329, 151.004 2, 107.014 0, 11Z:®)-7-O-%i%i¥E+E (kaempferol 7-O-glucoside) I. F
164.012 0, 285.037 7

SY16 13.565 489.1053 284.033 1, 285.039 1, 255.030 2, tli 2% M) -3-(6- £ Bk - FL ¥ ¥ ) [kaempferol 3-(6- G. I. F

227.0353 acetylgalactoside)]
SY17 13.967 533.0934 489.103 5,285.040 6 Ll 2% Wy - TN Bt &1 % (kaempferol-malonyl- G
glucoside)
SY18 16.569 301.0364 151.0042,121.0300, 107.0146 Hit}z & (quercetin) F
SY19 19.278 285.0416 93.0348 1125 (kaempferol) F

G- EHA LR R L PN M R B CRBRRITR BUREIN Berh R — AN BUr S B 5D
G-simulated gastric digestion supernatant I-simulated intestinal digestion supernatant F-in vitro intestinal microbial fermentation broth (considered to

be contained if detected in one of all sampling periods)
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Fig. 1 Venn diagram of intersection targets between characteristic phenolic substances and disease
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2 R W) R TR 5 - ) 4 [

Fig. 2 Network diagram of characteristic phenolics-prediction target-disease
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A—C-PPI of intersection targets of characteristic phenolics with AD, cancer and diabetes mellitus, respectively
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Fig.3 PPI network diagram of intersection target of characteristic phenolic substances and disease
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Fig. 4 GO analysis of common key targets of Mori Folium phenols acting on three diseases
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hsa05205: proteoglycans in cancer [ ]

hsa04668: TNF signaling pathway

hsa05200: pathways in cancer

hsa05207: chemical carcinogenesis-receptor activation

hsa01521: EGFR tyrosine kinase inhibitor resistance

hsa05235: PD-L1 expression and PD-1 checkpoint pathway in cancer
hsa04657: IL-17 signaling pathway

hsa04933: AGE-RAGE signaling pathway in diabetic complications
hsa04066: HIF-1 signaling pathway

hsa05206: microRNAs in cancer

hsa05219: bladder cancer

hsa04370: VEGF signaling pathway

hsa05223: Non-small cell lung cancer

hsa05212: pancreatic cancer

hsa04010: MAPK signaling pathway

HSA04012: ErbB signaling pathway

hsa05210: colorectal cancer

hsa05222: small cell lung cancer

pathway

hsa05208: chemical carcinogenesis-reactive oxygen species

hsa05215: prostate cancer

hsa04620: Toll-like receptor signaling pathway
hsa04064: NF-kappa B signaling pathway
hsa04931: insulin resistance

hsa05010: Alzheimer disease

hsa04919: thyroid hormone signaling pathway
hsa04068: FoxO signaling pathway

hsa04210: apoptosis
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Fig. 5 KEGG analysis of common key targets of mulberry leaf phenolic effects on three diseases
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Fig. 8 Possible mechanisms of action of characteristic phenolic substances on AD, cancer, and diabetes
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