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Preparation and Applications of Micro-Nano Bioactive Glass
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(1. Department of Biomaterials, School of Materials Science and Engineering, South China University of Technology,
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Abstract: Micro-nano bioactive glass (MNBG) has a good biological activity and is widely used in tissue engineering. In recent years, a
variety of metal ions are incorporated into the network structure of materials during the preparation of MNBG, thereby endowing
MNBG with various physicochemical and biological functional properties. However, the exact mechanism of interaction between
the ion release products of MNBG and human cells is not fully clarified. This review represented the preparation methods and
processes of MNBG and the application of its lysates in bone and tooth and other hard tissue repair, skin tissue repair, cancer
treatment and cell imaging. This review could provide a reference for the further development of MNBGs applied to the
biomedical field.
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Fig. 1 Effect of different didodecylamine (DDA) template concentrations on particle size of micro-nano bioactive glass
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Fig. 2 Mesoporous bioactive glass synthesized with cetylpyridinium bromide (CPB) or hexodecyl trimethyl ammonium bromide

(CTAB) template!*"!



.« 2556 - (RERR Sh2230)

J Chin Ceram Soc, 2023, 51(10): 2553-2565

2023 4F
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(¢) 5mol/L

K3 VRIS AE A LR A CTAB AL, 76 1. 3mol/L Al S mol/L ZUKIKEEWKREE A FLAAE MEBEEs ) A FLA A1)

Fig. 3 Mesoporous variation of mesoporous bioactive glass at 1, 3 mol/L and 5 mol/L ammonia concentrations using CTAB as

template by sol-gel method combined with microemulsion method
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(b) 1.5 mmol/L
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Fig. 4 Effect of CTAB concentration on bioactive glass particle morphology
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Fig. 5 Nano-bioactive glass loading synthesized by different ammonia concentrations under hydrothermal synthesis conditions
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Table 1 Application and biological role of ion-doped micro-nano bioactive glass
Ton Application Biological response Reference
Sr Bone regeneration Promote osteogenic differentiation [6,7, 26, 28]
Treatment of osteoporosis Inhibit osteoclastic differentiation
Immunomodulation Regulate macrophage polarization
Promote early angiogenesis
Cu Bone and skin regeneration Promote osteogenic differentiation [10, 37-38]
Drug delivery Promote angiogenesis
Cancer treatment Antimicrobial properties
Photothermal effect
Zn Bone regeneration Promote osteogenic differentiation [55, 57, 59]
Treatment of inflammatory bone disease Antimicrobial properties
Macrophage immunomodulation
Mg Bone regeneration Promote osteogenic differentiation [61-62]
Promote angiogenesis
Ba Tissue engineering Promote hydroxyapatite formation [64-66]
Hyperthermia for cancer Antimicrobial properties
Magnetocaloric heat
Mn Bone regeneration Promote hydroxyapatite formation [68-70]
Promote osteogenic differentiation
Antimicrobial properties
Se Bone regeneration Promote hydroxyapatite formation [73-74]
Bone tumor treatment Moderate concentrations of Se are selectively toxic to tumor cells
Ag Inflammatory wound healing Anti-inflammatory and antibacterial effect [77-78]
Eu Bone and skin regeneration Promotes hydroxyapatite formation [83-86]
Drug delivery Promotes osteogenic differentiation and angiogenesis
Cell imaging Photoluminescent properties
Drug control release
La Drug delivery Promote osteogenic differentiation and angiogenesis [91-92]
Extended-release ciprofloxacin
Rb Bone regeneration Promote hydroxyapatite formation [94]
Nb Alveolar bone regeneration Promote osteogenic differentiation of bone marrow mesenchymal stem cells [87-89]
Promote vascular regeneration
Ce Bone regeneration Antioxidant activity [99]

Treatment of inflammatory bone disease

Inhibit macrophage inflammatory gene expression

Promote osteoblastic osteogenesis
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Fig. 6 Optical image and SEM image of micro-nano bioactive glass (MNBG) powder before and after Cu-doped!'”
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