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Decoding Supramolecular Hydrogels: From Programmable
Mechanics to Biological Effects

LIU Jia-chang?, CHEN Ze-kunf, ZHANG Kun-yu", BIAN Li-ming’
(School of Biomedical Sciences and Engineering, South China University of Technology, Guangzhou 511442)

Abstract: In recent years, driven by intelligent design, complex functional integration, and advanced
manufacturing technologies, supramolecular hydrogels have become a research hotspot in the field of
polymers and biomedical materials. These materials construct networks based on dynamic noncovalent
interactions such as host-guest recognition, electrostatic interactions, and ionic coordination, endowing
them with unique intelligent properties that distinguish them from traditional covalently cross-linked
hydrogels. They exhibit remarkable stimuli-responsiveness, dynamic reversibility, self-healing, and shear-
thinning properties. Furthermore, supramolecular hydrogels, through their flexible mechanical regulation
mechanisms, can achieve a high degree of adaptation between mechanical properties and biological functions
by adjusting cross-linking density, matching dynamic bond energies, and designing network topology. These
hydrogels have demonstrated significant advantages in applications such as tissue engineering, drug delivery,
and wound repair. This review systematically reviews recent advances in supramolecular hydrogels in terms
of structural composition and construction strategies, focusing on their biological effects and application
prospects based on the view of controllable mechanical property of supramolecular hydrogels. Furthermore,
we analyze the challenges and opportunities in clinical translation and multiscale mechanobiology research,
aiming to provide a reference for the continued development of this field.
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Biological effects; Biomedical applications
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Figure 1 (a) The scheme of 3D bioprinting of heterogeneous constructs providing tissue-specific microenvironment based on
host—guest modulated dynamic hydrogel bioink for osteochondral regeneration (Reproduced with permission from Ref.[34];
Copyright (2022) John Wiley and Sons); (b) The scheme of polyrotaxane feature in highly stretchable and instantly recoverable
slide-ring gels consisting of enzymatically synthesized polyrotaxane with low host coverage (Reproduced with permission from

Ref.[46]; Copyright (2018) American Chemical Society)
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Figure 2 The preparation strategy scheme of biostable L-DNA hydrogel with improved stability (Reproduced with permission

from Ref. [57]; Copyright (2022) John Wiley and Sons)
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Figure 3 The scheme of gelation mechanism in biomimetic-glycopolypeptide based hydrogels with tunable adhesion and

microporous (Reproduced with permission from Ref. [63]; Copyright (2021) John Wiley and Sons)
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Figure 4 (a) The scheme of injectable self-healing hydrogel wound dressing with cysteine-specific on-demand dissolution

property based on tandem dynamic covalent bonds (Reproduced with permission from Ref.[70]; Copyright (2021) John Wiley

and Sons); (b) Photoinduced dithiolane crosslinking for multiresponsive dynamic hydrogels (Reproduced with permission from

Ref.[71]; Copyright (2023) John Wiley and Sons)
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Figure 5 The mechanism of adjustable mechanical property through suitable interaction strategy, controllable binding strength,

and designed network topology
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Figure 6 (a) Adaptable hydrogel with strong adhesion of wet tissue for long-term protection of periodontitis wound (Reproduced
with permission from Ref. [76]; Copyright (2024) John Wiley and Sons); (b) Enhanced mechanosensing of cells in synthetic 3D
matrix with controlled biophysical dynamics (Reproduced with permission from Ref. [77]; Copyright (2021) Springer Nature)
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Figure 8 (a) Representative images of ALP immunostaining (Reproduced with permission from Ref. [114]; Copyright (2024),

John Wiley and Sons); (b) Representative images of toluidine blue, safranin O, type II collagen, and aggrecan IHC for revealing

high maker expression of cartilage in HA-TP (Reproduced with permission from Ref. [118]; Copyright (2025), Springer Nature);
(c) IF with NF200 and Ln in the HADA/HRR + NT;/Cur hydrogel group (Reproduced with permission from Ref. [124];
Copyright (2024) the American Association for the Advancement of Science)
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Figure 9 Scheme of the healing mechanism for the dynamic network of hydrogel and dual impacts of AgSD on hydrogel network

structure and biological properties (Reproduced with permission from Ref. [135]; Copyright (2024) John Wiley and Sons)
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