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Research progress of polymer self-healing mechanism and its
application in biomedicine
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Abstract: Polymer self-healing is mainly based on the molecular structure and interaction of polymers, and
some need external stimulation, such as light, heat, pH, etc. In recent years, many studies have found that the self-
healing properties of polymers can prolong the life of materials, while maintaining the mechanical properties of
polymers after healing. According to the different action modes of polymer materials, it can be divided into autono-
mous self-healing and non-autonomous self-healing. Among them, autonomous self-healing mainly works through
reversible covalent bonds (Schiff base bond, Diels-Alder reaction, hydrazide bond), reversible non-covalent bonds
(hydrogen bond, metal-ligand coordination bond, electrostatic interaction, z-z stacking interaction, hydrophobic
interaction) and a combination of the two interactions. Drug carriers with unique self-healing properties play an
important role in the encapsulation and stable release of biomacromolecules. In this review, the self-healing mecha-
nism of polymers and their applications in the field of biomedicine were briefly summarized and discussed.
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Figure 1 Polymer self-healing process based on covalent and
non-covalent bonds. Covalent bonds play a self-healing role mainly
through chemical bonds formed by chemical reactions, such as
Diels-Alder (DA) reaction, Schiff base bond, hydrazine bond, etc.
Non-covalent bonds mainly include hydrogen bond, metal ligand
coordination, hydrophobic bonding, electrostatic interaction, x -7

stacking interaction, etc.
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Figure 2 Self-healing process of stimulating reactive polymers
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Porous microsphere Self-healing Drug release

Figure 3 Schematic diagram of self-healing of porous micro-
spheres. The surface pores of protein/peptide loaded porous poly-
mers self-healing at a certain temperature and can slow down the

drug release
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Table 1 Self-healing mechanism and application of self-healing polymers. RT: Room temperature; UV: Ultraviolet; IR: Infrared
Self-heal.lng Self-healing polymer Healing c.ondltlon/ Application Ref.
mechanism efficiency
Schiff-base Poly (vinyl alcohol)-CHO-NH, 24 h, RT Wound healing [68]
Schiff-base Poly (ethylene glycol), chitosan 30 min, RT Anti-cancer coating [69]
Schiff-base, metal-coordination Aminated gelatin-oxidized hyaluronic acid-Fe* 15 min, RT Wound healing [70]
Diels-Alder reactions Graphene/carbon nanotube/polyurethane 20 min, 130 °C Medical sensors [71]
Hydrogen bonding Guar gum-silver nanoparticles 6 min, RT Wound healing [72]
Hydrogen bonding, -7 interactions  Polydopamine RT Drug delivery [73]
Hydrogen bonding Gelatin methacrylate, tannic acid 6 h, RT Wound healing [74]
Host-guest interactions B-Cyclodextrin (-CD-AOL, the host molecule); 60 min, UV Biomedical materials  [75]
2-(2-(2-(2-(adamantyl-1-oxy) ethoxy) ethoxy) ethoxy)
ethanol acrylate (A-TEG-Ad, the guest molecules)
7-7 interactions Polycaprolactone-pyrene group 120 min, IR [76]
UV radiation Si0,/polydopamine 192 h, RT [77]
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