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Figure 1 (Color online) Schematic representation of hydrogel classification and partial self-healing mechanism

IR, IR T IR . MR TAREE. A
PR R 5 L AL VR TR A K BRI XA SR B LE
B, G R S —E AR (pH L IR Ot
SRR, A RSB FEE

UEARSR, X MR R B M, IRt A
BRI, HE R — R BB IKER A R
FEE . miorsm i DUl v LU A A A
PEREILA. I, A SOKEERE A & AATTE H 45152
DT, ST, AR SOk B RL AR P B R
J7 I 29 4R 104K FAB S K BEI A BHRR LR 5T
RDERE, Bk AR AR BT B R
KBERE I I BLAASYE,  TRT2EI0AT A B SR BEI A R
TENEH B AFAER IRV R BRI B A DT 7).

2474

1 AfEEYBUKEE

FIAE A2 Wy B KR IR R AR A B A 10 B S I A
M =4 R 2R AR BB M IR g i m] 04,
TR R A B EIERE. ME2PR, FEMEH 2
o FEAER. BUKMEM . SEER. FRMIENAE,
AR AR T7 AT K BEE AN R PR, WpH. S,
PR RS, K BRI S ) R A E A TR S
SN I NI G R e S Ry T VA i e

L1 AT A A I A 25K EER

A R S LA SR 0 e T ) 3 AT
HAF A SR W I 285 AT LA - 7K B I AE A2 1k



mEre

RRTREXIE /’\g

FREE(ER

-,

ZHp RN

@\

<\ EEW’EHQ %U’Fﬁﬁ // Y
.

3DFTENIZRL

FEVKIER

N---HN

FiEEBTR

FRUESHR (D@

B2 (MO 0) BB Y BUKEER Y FAE S ALH] K 7R 2 8

Figure 2 (Color online) Schematic representations of physical hydrogel self-healing mechanism and application
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Figure 3 (Color online) Schematic representations of host guest supramolecular hydrogels
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Figure 4 (Color online) Chemical bonds used for self-healing hydrogels
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Hydrogels are three-dimensional (3D) network-like hydrophilic polymers architectures, which can hold a large amount of
water and swell without dissolving while upholding the structure due to physical or chemical crosslinking of discrete
polymer chains. Owing to inherent morphological and physicochemical attributes, such as softness, elasticity, and high
water content, these highly dense polymeric structures resemble biological tissues, which are of specific interest in diverse
application prospects in biomedicine. Nonetheless, the traditional hydrogels are heterogeneous and vulnerable to external
stress, significantly limiting their applicability. Therefore, various hydrogels with self-healing properties have been
designed and synthesized, which can prolong the life of hydrogels and improve the durability, reliability, and safety of
materials.

Broadly speaking, hydrogels can be divided into physical and chemical hydrogels based on the interactions between the
individual polymer chains. On the one hand, physical hydrogels are often based on non-covalent interactions, such as
electrostatic, hydrophobic, hydrogen bonding, and host-guest interactions. These non-covalent interactions are generally
weaker than covalent cross-linkages, resulting in the poor mechanical properties of hydrogels. On the other hand, chemical
hydrogels are based on reversible covalent interactions, such as acyl hydrazone, imine, disulfide, imine, and borate bonds.
These chemical linkages are relatively stronger over physical interactions, providing a stable cross-linked network while
maintaining its dynamics within the hydrogel. In addition, the non-covalent effects of physical hydrogels usually require to
be reversible within a certain range of environmental conditions, such as a suitable pH or temperature range, to achieve
self-repair performance. Contrarily, if it exceeds this expedient range, the hydrogel structure may be destroyed, losing its
self-healing ability. Therefore, self-healing hydrogels based on non-covalent interactions often possess responsiveness,
such as temperature, pH, and light. The dynamic and stable cross-linked network within the chemical hydrogel is an ideal
method for designing a self-healing hydrogel. Although the covalent bond is reversible, certain external conditions are
required for chemical hydrogels, such as pH, temperature, chemical stimulation, or light, among others, to form a dynamic
equilibrium. Thus, the composition of the molecules can be exchanged and recombined, and the self-repairing ability of
chemical hydrogels can be realized.

Due to their excellent properties, self-healing hydrogels have broadened the application prospects in various aspects of
human life. In this framework, these hydrogels have garnered enormous interest for their utilization in various fields of
biomedicine, such as tissue engineering, drug delivery, and wound dressing. Despite the success, the fabrication of these
innovative materials remains highly challenging in terms of poor mechanical properties, incomplete biodegradability, and
biocompatibility evaluations in various models. In addition, high research and development costs, as well as demanding
expertise, have significantly hampered the utilization of hydrogels. Therefore, future research direction of self-healing
hydrogel materials should be focused on improving the mechanical properties, reducing production costs, concentrating on
their advantages over various materials, and performing related clinical investigations, enabling them towards clinical
translation. Moreover, it is required to promote eco-friendly fabrication technologies towards developing degradable
materials.

This review presents the recent progress of self-healing hydrogel materials based on physical and chemical hydrogels.
The principles and characteristics of self-healing hydrogels designed through non-covalent and covalent interactions are
explained. Finally, we summarize the article with the challenges in developing self-healing hydrogels along with exciting
prospects.

self-healing hydrogels, biomaterials, reversible chemical linkages, reversible non-covalent interaction

doi: 10.1360/TB-2021-1303

2481


https://doi.org/10.1360/TB-2021-1303

	自修复水凝胶材料的设计合成及生物医学应用
	1�� 自修复物理水凝胶
	1.1�� 基于静电相互作用的自修复水凝胶
	1.2�� 基于氢键的自修复水凝胶
	1.3�� 基于疏水作用的自修复水凝胶
	1.4�� 基于主客体相互作用的自修复水凝胶

	2�� 自修复化学水凝胶
	2.1�� 基于硼酸酯键的自修复水凝胶
	2.2�� 基于亚胺键的自修复水凝胶
	2.3�� 基于酰腙键的自修复水凝胶
	2.4�� 基于二硫键的自修复水凝胶
	2.5�� 基于Diels-Alder反应的自修复水凝胶
	2.6�� 基于配位键的自修复水凝胶

	3�� 结语与展望


