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Abstract: Bioactive glass (BG) is an important class of amorphous inorganic biomaterials, which has been
clinically used in hard tissue repair for many years, exhibiting unique tissue repair activity. Recent studies have
found that BG also shows effective repair activity in soft tissue, demonstrating significant application potential.
Compared with traditional BG, micro-nanoscale bioactive glass (MNBG) has a unique micro-nano structure, which
not only retains its excellent chemical composition but also has a larger specific surface area and higher reactivity.
These special structures and properties enable MNBG to exhibit significant application potential in promoting
vascularization and skin repair/regeneration. This work focuses on the research progress of MNBG in regulating

vascularization and skin regeneration, including the abilities of MNBG to promote vascularization and regulate
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immune cell function, as well as its antioxidant, anti-inflammatory, and antibacterial properties. These

characteristics enable MNBG to effectively stimulate blood vessel formation, reduce inflammation, and inhibit

bacterial infection, thus promoting wound healing and tissue repair. This paper summarizes the key research on the

role of MNBG in vascularization and skin wound repair and offers recommendations on the existing issues and

future research directions in the application of MNBG in skin wound repair, aiming to promote the application

transformation of MNBG in the field of skin repair.

K ey wor ds: micro-nanoscale bioactive glass; vascularization; skin regeneration; bioactive material; review
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Fig. 1 Main role of MNBG in modulating vascularized skin
regeneration

ROS: reactive oxygen species; IL-6: interleukin-6; TNF-a: tumor
necrosis factor-o; IL-10: interleukin-10; TGF-B: transforming growth
factor-p
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Fig. 2 CD40-CDA40L interaction mechanism!'®
CDA40L: CDA40 ligand; ICAM-1: intercellular cell adhesion molecule-1
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(a) Representative images for angiogenesis analysis; (b, ¢) Quantified node counts (b) and tube lengths (c);
(d-g) Expressions of KDR (d), VEGF (e), e-NOS (f), and Flt-1 (g) in HUVECs cultured on composite scaffolds at 7 d
(*: p<0.05; **: p<0.01; ***: p<0.001)
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Fig. 4 Wound healing time and healing rate in rats
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(a, b) Wound healing time in diabetic rats (a) and normal rats (b); (c, d) Wound healing rate in diabetic rats (c) normal rats (d) (n=8)
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TBHQ: tert-butyl hydroquinone; DPPH: 2,2-iphenyl-1-(2,4,6-trinitro-
phenyl)hydrazyl
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Fig. 6 Antioxidant effects of BNGI and Na,SiO;-5H,0F®
(a) ROS staining of macrophages stained with dichlorofluorescein diacetate (DCFH-DA) for 15 min to reflect ROS expression
(green) after 1/6 BGNI treatment or 33, 100, and 300 mg/L Na,SiO;-5H,0 addition for 2 d; (b) Quantitative analysis of
relative fluorescence intensity measured using Image J (n=3, p<0.01 compared to LPS group); (c) Scavenging efficiency of

2,2'-biaminobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) of BNGI and Na,SiO;-5H,0 in different concentrations based

on the optical density values at 734 nm after 10 min incubation with ABTS reagent; (d) Fluorescent images of control, 1/6 BNGI
or 33 and 100 mg/L Na,SiO5-5H,0 pretreated for 2 d HUVECs after 8 h for angiogenic capacity analysis
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Table2 Mechanism of MNBG for vascularized skin repair

Biological function = Material composition Mode of action Ref.
PGA/BGN Promotion of VEGF expression in fibroblasts [22]
Pro-vascularization BGN Promotion of VEGF release from fibroblasts [36]
MNBGN Particle size in the range of 0.5-0.8 mm promoting VEGF expression [37]
BGN Promoting chemotactic migration of neutrophils [12]
Immune cell Zn-Mn- BGN Mn and Si ions regulating M2 polarization in macrophages [13]
modulation Zn-BGN Negative regulation of NF-«B signal [15]
Cu-Zn-BBGN Immunomodulation of DC viability [51]
o BGN Si scavenging activity on ROS [60]
Antioxidation Ce-MBGNs/CS Scavenging activity on H,O, [59]
B Ba-BGN Elevation of anti-inflammatory cytokine IL-10 [65]
Anti-inflammatory Ce-MBGNs Decreasing expression of inflammatory factors TNF-a and IL-1 [67]
BGN High pH and alkaline ions enhancing antimicrobial activity [69]
BGN 58S and 63S for broad-spectrum antibacterial [71]

Antimicrobial . o . .
Ce-MBGNs Mesoporous structure promoting antimicrobial activity [75]
Cu-MBGNs Broad-spectrum antimicrobial effect of Cu [78]

PGA: polyglycolic acid; BGN: bioactive glass nanoparticle; PLGA: polylactic acid-hydroxyacetic acid copolymer; MBGNPs: mesoporous bioactive
glass nanoparticles; DC: dendritic cell; Ce-MBGNSs/CS: cerium-containing mesoporous bioactive glass-chitosan; ROS: reactive oxygen species
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