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Figure S1. Characterization of physical and chemical properties of GA-MOF. (a) SEM image of GA-MOF nanoparticles. Scale: 200nm. (b) Synthesis image of element distribution of GA-MOF nanoparticles. (c) Energy spectrum point scan (EDS point scan) results of GA-MOF nanoparticles. 
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Figure S2. Drug release and biocompatibility testing of GA-MOF. (a) GA-MOF drug release curves under different pH environments. (b) CCK-8 biocompatibility testing of GA-MOF. (c) The release kinetics curve of iron ions under simulated acidic microenvironment (pH 6.5) and physiological neutral conditions (pH 7.4). (d) The inhibitory effect of different concentrations of GA-MOF on the release of pro-inflammatory macrophage cytokine TNF-α.
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Figure S3. Biological safety testing and exosome release curve of EGGS MNs. (a) Verification of EGGS MNs penetrating epithelial tissue and forming regular microchannels through H&E staining of rat oral mucosal tissue slices. Scale: 500 µm. (b) Exosomal release curve in EGGS MNs. (c) GA-MOF and MSC Exo in vitro cellular uptake experiments. Scale: 20 µm. (d)The cck-8 biosafety testing of MNs in each group.
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Figure S4. Biological safety testing of MNs. (a) Fluorescent micrograph of living dead cell staining. Scale: 100 µm. (b) Quantitative analysis of living cell dead cell staining. 
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Figure S5. Hemolysis experiment of MNs. (a) Digital photos of hemolysis experiment. (b) Quantitative analysis results of hemolysis experiment.
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Figure S6. The antioxidant capacity of different MNs. (a) Quantitative analysis of DPPH radical scavenging activity of EGGS MNs. (b) Quantitative analysis of ABTS scavenging activity of EGGS MNs.
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Figure S7. Digital photographs of ARS and ALP staining in MSC osteogenic experiments.

[image: ]
Figure S8. Anti-inflammatory effects of different MNs groups. (a) Elisa detects the concentration of TNF-α in macrophage culture medium treated with LPS and different MNs. (b) Elisa detects the concentration of IL-6 in macrophage culture medium treated with LPS and different MNs. (c) Western blot analysis of MMP-9 and IL-1 β protein expression in macrophages treated with MNs in each group.
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Figure S9. H&E staining of various organs in rats. (a) Using hematoxylin eosin (H&E) staining to observe the pathological changes in the heart, liver, spleen, lungs, and kidneys after MNs treatment for ulcers.
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Figure S10. CD86 immunofluorescence staining in periodontal tissue. Representative images show the infiltration of CD86⁺ M1 macrophages (green fluorescence) in the lesion area of each group. Scale: 100 µm.
﻿
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Figure S11. Fluorescence microscopy image of OPN immunofluorescence staining in periodontitis tissue. Scale: 100 µm.
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