	Appendix Table 1: Correlation Table between Components and Activities

	Active Ingredient
	Core Function
	In Vivo / In Vitro Experimental Results (including activity data)
	Key Action Pathway
	References

	Polysaccharides
	Antioxidant
	In vitro: Polysaccharides from H. multiflora can enhance the viability of MRC-5 cells damaged by H2O2, reduce oxidative damage, cell death rate, and SA-β-galactosidase activity, and show certain effects in scavenging DPPH free radicals, hydroxyl radicals, and superoxide anion radicals.
	p16/p53 cellular senescence and apoptosis regulatory pathways.
	[43,45]

	
	Regulation of Glucose and Lipid Metabolism
	In vivo: Polygonatum sibiricum polysaccharides (PSP1) reduced fasting blood glucose and glycated serum protein levels in rats, enhanced GLP-1 secretion, improved glucose tolerance and insulin sensitivity. They modulated hepatic SOD and GSH-Px activities, reduced MDA and HG levels, decreased TC, TG, ALT, and AST levels, upregulated Nrf2, HO-1, GCLC, and NQO1 protein expression, alleviated oxidative stress to regulate glucose/lipid metabolism. Additionally, PSP1 promoted wound healing in diabetic (DM) skin lesion rats, improved cardiac dysfunction in diabetes, attenuated myocardial fibrosis, and regulated myocardial enzyme levels. In vitro: For high glucose (HG)-stimulated cells, PSP1 reduced ROS generation and MDA content while increasing SOD and GPx activities.
	Liver signaling pathways: IRS1-PI3K-PDK1-Akt, PI3K-Akt-GSK-3β-GYS, PI3K-Akt-PIP5K-GLUT2; Insulin-mediated pathway: PI3K-Akt-FoxO1/GSK3β; Oxidative stress regulation: Nrf2/HO-1 pathway; Hepatic pathway: Nrf2 signaling in liver tissue; Inflammation-related pathway: NLRP3-caspase-1 signaling.
	[54-60]

	
	Anti-fatigue
	In vivo: Increases hepatic glycogen, muscle glycogen, and ATP reserves; reduces accumulation of lactic acid and blood urea nitrogen (BUN); decreases oxidative damage caused by lipid peroxidation product MDA
	
	[61]

	
	Anti-aging
	In vitro: Polysaccharides from H. multiflora (PCP) and P. multiflora (PFP) can effectively delay skin cell aging and exhibit good free radical scavenging ability. They can downregulate the expression of p21, p53, p16, MuRF1, and Atrogin-1, while upregulating the expression of MyoD, Myogenin, and MyHC, thereby enhancing the viability of C2C12 cells and promoting myotube differentiation. They can also improve oxidative stress and renal function, alleviating pathological damage to the kidneys and providing protective effects against D-galactose-induced renal aging.
	activate the PI3K/Akt/mTOR pathway and regulate the metabolic pathways of purines, sphingolipids, glycerophospholipids, tryptophan, and riboflavin.
	[66,68-69]

	
	Antidepressant
	It can improve the depression-like behavior induced by chronic unpredictable mild stress (CUMS) in zebrafish, repair neural damage, and alleviate neuronal lesions; combined exercise intervention can resist CORT-induced damage in PC12 cells, achieving neuroprotection; it can also improve gut microbiota dysbiosis, repair intestinal barrier function, and inhibit excessive activation of the HPA axis and abnormal activity of PVN neurons to improve depression-like behavior.
	It reduces intracellular ROS levels, increases intracellular BDNF content, activates the Notch signaling pathway and the PI3K/AKT/GSK-3β signaling pathway; it regulates inflammatory factors, modulates microglial polarization, and regulates the gut microbiota - LPS-PVN signaling axis and tryptophan metabolism pathway, inhibiting hyperactivity of the hypothalamic-pituitary-adrenal (HPA) axis.
	[72-73, 75-77]

	
	Regulation of Intestinal Flora
	improve weight loss, colon shortening, imbalance of inflammatory factors and intestinal mucosal damage in mice with ulcerative colitis (UC). Polygonatum sibiricum total polysaccharides (PS) and high - molecular - weight polysaccharides (PSF) can increase the relative abundance of short - chain fatty acid (SCFA) - producing bacteria in the gut of high - fat diet (HFD) rats, inhibit fat accumulation, improve insulin sensitivity, enhance the intestinal barrier function and reduce the entry of endotoxins into the blood.
	
	[79-80]

	
	Anti-tumor
	regulate the expression of pro-apoptotic proteins Bax, Cleaved caspase-3, and Cleaved PARP, inhibiting the expression of P62 and Bcl-2 and the growth of endometrial cancer (EC) cells; it suppresses the proliferation, migration, invasion, and epithelial-mesenchymal transition (EMT) of HepG2 and Hep3B liver cancer cells, promotes their apoptosis, and can induce inflammatory responses in human dendritic cells; it also inhibits the proliferation, migration, and invasion of Eca109 cells and human prostate cancer PC-3 cells, causing the PC-3 cell cycle to arrest in the S phase by downregulating the expression of multidrug resistance gene (MDR-1) and P-glycoprotein (P-gp), and modulating the phosphorylation of P65, PI3K, and AKT signaling pathways; additionally, it can upregulate the expression of APL, p-PI3K, p-AKT, and p-mTOR proteins, promoting the formation of osteogenic mineralization nodules in multiple myeloma (MM) bone marrow mesenchymal stem cells (BMMSCs)​
	regulate the expression of IL-6, IL-1β, and TNF-α in dendritic cells (DCs); downregulate the expression of IL-1, IL-6, TNF-α, and TGF-β in Eca109 cells while upregulating IL-10 expression, and reduce the expression of NF-κB signaling pathway proteins by inhibiting TLR4 protein; it is also related to the regulation of PI3K/AKT and NF-κB signaling pathways; it can activate the PI3K, AKT, and mTOR signaling pathways.
	[3,86-89]

	
	Improvement of Osteoporosis
	High - dose polygonatum polysaccharide can reduce bone loss and the decline of bone mineral density in rats and improve the morphology of bone microstructure.
	related to the effects of regulating the expression of osteogenic genes (alkaline phosphatase, RUNX2, Col1a1, osteocalcin) and inhibiting the expression of osteoclastic genes ACP5 and CTSK.
	[95]

	Saponins
	Anti-aging
	promote the localization of SKN - 1 into the nucleus, increase the expression of antioxidant genes gst - 4 and sod - 3, reduce the level of intracellular reactive oxygen species (ROS), and prolong the lifespan of Caenorhabditis elegans.
	Activation of the SKN - 1 signaling pathway
	[71]

	
	Anti-tumor
	The IC50 values of total Polygonatum saponins and dioscin against breast cancer MCF - 7 cells are 405.2 µg/mL and 1.52 µg/mL respectively (Positive control drug: Hydroxycamptothecin).
	related to the regulation of the expression of Bax, Bcl - 2, Caspase - 3, Caspase - 9, and P53 proteins.
	[84]

	Flavonoids
	Antioxidant
	In vitro: The EC50 values of total flavonoids from Houttuynia cordata for DPPH free radicals, hydroxyl radicals, and ABTS are 11.20 µg/mL, 57.88 µg/mL, and 23.75 µg/mL (positive control drug: vitamin C)
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	[47]

	
	Anti-fatigue
	In vivo: Promotes the recovery of lactic acid to normal levels in a short time, protects against lipid peroxidation, and alleviates lipid peroxidation damage.
	
	[65]

	Processed Polygonati Rhizoma
	Antioxidant 
	In in - vitro and in - vivo experiments, after the wine - processing of Polygonati Rhizoma, the antioxidant activity of its oligosaccharides is enhanced. For Polygonati Cyrtonematis Rhizoma, with the increase in the number of steaming and sun - drying times during the processing, the scavenging ability against DPPH and ABTS free radicals is improved. After the solid - state fermentation of Polygonati Rhizoma polysaccharides, their in - vitro antioxidant activity is higher than that of the non - fermented ones.
	
	[48-50]

	
	Anti-aging

	he water decoction of wine - processed Polygonati Rhizoma can increase the average lifespan of Caenorhabditis elegans
	reducing the level of reactive oxygen species (ROS) in the nematodes and promoting the nuclear expression of daf - 16.
	[70]

	
	Antidepressant
	High - dose (10 g/kg) processed Polygonati Rhizoma can improve the depressive behavior of postpartum depression (PPD) rats and repair the neuronal damage in the CA1 region of the hippocampus.
	increase the levels of monoamine neurotransmitters such as 5 - hydroxytryptamine (5 - HT), dopamine (DA), and norepinephrine (NE), reduce the levels of hormones in the hypothalamic - pituitary - adrenal (HPA) axis, including adrenocorticotropic hormone (ACTH), corticosterone (CORT), and corticotropin - releasing hormone (CRH), and increase the concentration of estrogen E2 and the expression of hippocampal receptors ERα/β.
	[73]

	
	Regulation of Intestinal Flora
	he polysaccharides from steamed Polygonati Rhizoma can promote the metabolism of beneficial bacteria such as Parabacteroides and Bifidobacterium, increase the production of short - chain fatty acids (SCFAs) and long - chain fatty acids (LCFAs), inhibit harmful bacteria such as Shigella, and regulate gut homeostasis.
	
	[78]

	
	
	The polysaccharides of Polygonati Rhizoma processed with yellow rice wine can regulate the composition and diversity of gut microbiota, reduce the abundance of harmful bacteria, and promote the production of short-chain fatty acids (SCFAs)
	regulate the gut microbiota and the metabolite SCFAs
	[81]

	Polygonatum sibiricum Instant Powder
	Antioxidant
	In vitro: The IC50 values of Polygonatum sibiricum Instant Powder against superoxide anion radical and hydroxyl radical were 34.8 mg/mL and 20.65 mg/mL, respectively.
	
	[46]

	Polygonatum sibiricum Base Wine
	Antioxidant
	Promotes the activities of superoxide dismutase (SOD) and catalase (CAT), and increases the content of glutathione (GSH)
	
	[51]

	Compound Polygonatum sibiricum Composition Aqueous Extract
	Anti-fatigue
	In vivo: Reduces blood urea nitrogen (BUN) content, increases hepatic glycogen and muscle glycogen reserves, and enhances endurance in mice.
	
	[61]

	Polygonatum sibiricum Extract-Containing 
	Anti-aging
	increase collagen mRNA expression, reduce the number of SA-β-galactosidase-positive cells, and restore the normal level of γH2AX protein in senescent cells, exerting practical effects in combating skin aging and improving the homeostasis of the skin microenvironment.
	
	[67]

	Polygonatum cyrtonema Aqueous Extract
	Anti-tumor
	In vitro: Polygonatum cyrtonema Aqueous Extract exerts inhibitory effects on the growth of MFC, B16, 4T1, HepG2, Hela, and A549 cells, with the most significant inhibitory effect on B16 cells.
	Promotes the apoptosis of B16 tumor cells by regulating the expression of cellular Bcl-2 and Bax genes.
	[82]

	Polygonatum Polysaccharide Extract
	Anti-tumor
	The Polygonatum polysaccharide extract can protect HSPCs and CLPs in the bone marrow, and reduce the number of TAMs, PMN-MDSCs, M-MDSCs, and TAMs  in tumor-infiltrating immune cells.
	
	[85]

	Polygonatum sibiricum Polyphenol Extract
	Anti-bacterial
	The minimum inhibitory concentration (MIC) of Polygonatum sibiricum Polyphenol Extract against Escherichia coli and Bacillus subtilis is 50 mg/mL, and its minimum bactericidal concentration (MBC) is 100 mg/mL.
	
	[91]



