Supplementary Materials
Supplementary Methods

1.1 Preparation of Cy3-labeled Aβ42 Oligomers and cellular uptake assay

For the preparation of Cy3-conjugated Aβ42 oligomers, Cy3-NHS ester was dissolved in anhydrous DMSO to achieve a 10 mM working solution. Pre-formed Aβ42 oligomers were solubilized in 0.1 M phosphate-buffered saline (PBS, pH 8.5) to maintain optimal conjugation conditions. The labeling reaction was performed by mixing Cy3-NHS ester with Aβ42 oligomers at a 5:1 molar ratio, followed by gentle agitation at room temperature for 2 hours under light-protected conditions. Unconjugated fluorophores were efficiently removed through three sequential centrifugal filtration steps (1000 kDa MWCO, 4°C, 3000 × g, 20 min each) to ensure complete elimination of free dye molecules.
The purified Cy3-Aβ42 oligomer complexes were then employed in cellular internalization studies. Briefly, the labeled oligomers were diluted in serum-free culture medium and applied to cells for 4 hours at 37°C, replacing complete growth medium. Following incubation, cells underwent two rigorous washes with ice-cold PBS to remove any membrane-associated oligomers. Quantitative and qualitative analyses were performed using two complementary approaches: fluorescence microscopy for subcellular localization assessment and flow cytometry for precise quantification of cellular uptake.

1.2 Aβ25-35 oligomer preparation

Aβ25-35 (Shanghai Yuanye Bio-Technology Co., Ltd) was dissolved in PBS buffer at a concentration of 1 mM and stored at -20°C until use. Prior to use, the peptide was incubated at 37°C for 4 days to induce oligomerization.
1.3 Isolation and treatment of primary microglia

Primary microglial cells were isolated from 1-3-day-old neonatal Sprague-Dawley (SD) rats. Under a stereomicroscope, hippocampal and cortical tissues were dissected from the pups and immediately placed in ice-cold DMEM medium. After carefully removing meninges and leptomeningeal blood vessels, the brain tissues were digested with 0.125% trypsin at 37°C for 20 minutes, with gentle inversion every 5-8 minutes to facilitate tissue dissociation. Following enzymatic digestion, the reaction was neutralized and the cell suspension was centrifuged at 1000 rpm for 5 minutes. The pelleted cells were then seeded in T75 flasks and cultured in DMEM supplemented with 10% fetal bovine serum at 37°C in a 5% CO2 humidified incubator to establish mixed glial cultures. Medium was partially refreshedevery 4-5 days to establish mixed glial cultures. Microglial cells were isolated through differential adhesion using an orbital shaker platform (200 rpm, 37°C, 15 minutes). The microglia-enriched supernatant was collected and centrifuged (300 × g, 5 minutes), and the cell pellet was resuspended in fresh medium. The obtained microglial cells were then seeded onto poly-D-lysine (PDL)-coated culture plates for subsequent experiments.

Supplementary Table 1
Primary antibody information
	Antibody
	Host
	Source
	Identifier

	GAPDH
	Rabbit
	Servicebio
	GB11002-100

	IBA-1
	Rabbit
	Abcam
	ab178847

	GFAP
	Rabbit
	Cell Signaling
	3670S

	﻿PSD95
	Rabbit
	Cell Signaling
	3450S

	β-Amyloid
	Mouse
	Cell Signaling
	15126S

	P-AMPK
	Rabbit
	Cell Signaling
	2535S

	AMPK
	Rabbit
	Cell Signaling
	5831S

	SIRT1
	Mouse
	Cell Signaling
	8469S

	IL-1β
	Rabbit
	ABclonal
	A16288

	IL-6
	Rabbit
	ABclonal
	A2247

	CDKN1A/p21
	Rabbit
	ABclonal
	A22460

	CDKN2A/p16INK4a
	Rabbit
	Abcam
	ab189034


Supplementary Table 2
Primer sequences for primers used in this study
	Genes
	﻿Forward primer (5’ to 3’)
	﻿Reverse primer (5’ to 3’)

	GAPDH
	AGGTCGGTGTGAACGGATTTG
	TGTAGACCATGTAGTTGAGGTCA

	IL-1β
	AATGCCACCTTTTGACAGTGAT
	TGCTGCGGGATTTGAAGCTG

	IL-6
	AGGATACCACTCCCAACAGACC
	AAGTGCATCATCGTTCATACA

	TNF-α
	CACGTCGTAGCAAACCACC
	TGAGATCCATGCCGTTGGC

	p16
	GAACTCTTTCGGTCGTACCC
	ACCGTAGTTGAGCAGAAGAGC

	p21
	GTCCAATCCTGGTGATGTCC
	GTTTTCGGCCCTGAGATGT
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Figure s1. Delphinidin has no significant impact on the body weight or liver function of the mice.

(A) ﻿The body weight of mice during daily administration. (B) The liver function was evaluated by assessing serum levels of ALT and AST. n = 8 mice per group. ns, not significant.
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Figure s2. Effects of delphinidin on the expression of DEGs in APP/PS1 mice.

﻿The Venn diagram was created to identify differentially expressed genes (DEGs) shared between vehicle-treated WT mice versus vehicle-treated APP/PS1 mice and vehicle-treated APP/PS1 mice versus delphinidin-treated APP/PS1 mice. n = 4 mice per group.
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Figure s3. Effects of delphinidin on structural damage and senescent alterations in hippocampal neurons of APP/PS1 mice.

(A) Representative Map2 ﻿immunostaining in the hippocampus. Scale bar = 50μm. (B) Quantitative intensity analysis of Map2 ﻿immunostaining in the hippocampus. (C) Immunofluorescence of NeuN (green) with p16INK4a (red) in the hippocampus. Scale bar = 50μm. (D) Quantification the proportion of p16INK4a-positive cells among NeuN+ cells in the hippocampus. n = 4 mice. Data were presented as mean ± SD. # p < 0.05, #### p < 0.0001 versus vehicle-treated WT mice, **** p < 0.0001 versus vehicle-treated APP/PS1 mice. ns, not significant. Dp: delphinidin; WT: wildtype.
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﻿Figure s4. Delphinidin Enhances the Phagocytosis of Aβ₄₂ by Primary Microglia
(A) Representative flow cytometry gating strategy for identifying primary microglia (CD45⁺CD11b⁺). (B) Representative flow cytometry plots showing the effect of delphinidin treatment on the phagocytosis of Cy3-labeled Aβ₄₂ by primary microglia. (C) Representative fluorescence microscopy images visualizing phagocytosis of Cy3-labeled Aβ₄₂ by primary microglia with or without delphinidin treatment. Scale bar = 20μm. (D) Quantification of Mean Fluorescence Intensity (MFI) from the flow cytometry analysis in (B), indicating phagocytic activity. n = 3. Data were presented as mean ± SD. #### p < 0.0001 versus Aβ42 oligomers and delphinidin treated cells, ** p < 0.005 versus Aβ42 oligomers-treated cells.

Supplementary Figure 5
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Figure s5. Effects of delphinidin on the cell viability of BV2 cells treated with different concentrations.

The Cell Counting Kit-8 assay was used to detect the cell viability of BV2 cells treated with different concentrations of delphinidin.

n = 4 per group. Data were presented as mean ± SD. **** p < 0.0001 versus vehicle-treated cells, ns, not significant.
Supplementary Figure 6
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Figure s6. Immunofluorescence co-localization demonstrates that SIRT1 activation occurs predominantly in microglia.
(A) Immunofluorescence of SIRT1 (green) with IBA1(red) in the primary microglia and BV2 microglia cells. Scale bar = 50μm.
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﻿Figure s7. Schematic representation of in Vitro Experimental Setup in BV2 microglia cells.

(A) Schematic representation of the experimental design to assess the effect of delphinidin pretreatment on Aβ₄₂-induced senescence in BV2 microglia using various characterization assays. (B) Experimental design investigating the AMPK-dependent mechanism of delphinidin in mitigating Aβ₄₂-induced senescence in BV2 microglia, utilizing Compound C and various detection methods.
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Figure s8. Delphinidin ameliorates microglial senescence ﻿induced by the Aβ25-35 oligomers in BV2 microglia cells.

(A) Representative SA-β-gal staining in BV2 microglia cells. Black arrows point to representative SA-β-gal staining positive cells. Scale bar=20μm. (B) Quantification of SA-β-gal staining positive cells in A. (C) The mRNA expression of p16INK4a, p21cip1, IL-1β, IL-6, and TNF-α in BV2 microglia cells were detected by qRT-PCR. (D-E) Assessment of ROS production in BV2 microglia cells via flow cytometry following loading with the ROS indicator DCFH-DA. (F) Representative image of BV2 microglia cells loaded with DCFH-DA (green) and Hoechst (blue). Scale bar=50μm. (G) Quantification the proportion of DCFH-DA positive cells in F. n = 3-4. Data were presented as mean ± SD. ## p < 0.005, ### p < 0.0005, #### p < 0.0001 versus Aβ25-35 oligomers and delphinidin treated cells, * p < 0.05, ** p < 0.005, *** p < 0.0005, **** p < 0.0001 versus Aβ25-35 oligomers-treated cells. ROS, reactive oxygen species; Dp: delphinidin.
