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Next-generation biomaterials: Engineering responsive hydrogels for targeted drug delivery in
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ABSTRACT

ARTICLE INFORMATION

Chronic wounds have clinical implications due to their slow tissue healing and advancement, and
because they are susceptible to infections. This paper centers on responsive hydrogels that can be
designed to deliver drugs specifically to the wound site in a spatial and temporal patient-specific
drug release way, and their ability to respond to the wound environment. By integrating drugs and
bioactive agent into biocompatible and hydrophilic polymer networks, these responsive hydrogels

could demonstrate controlled drug release.
©2025 UGPH
Peer review under responsibility of UGPH.

Article History:

Received 8 May 2025

Received in revised form 23 July 2025
Accepted 27 July 2025

Keywords:
Biomaterials
Responsive hydrogels
Drug delivery
Wound healing

Chronic wounds, such as diabetic ulcers, present significant clinical
challenges due to their complicated microenvironment with continuous
inflammation, bacterial infection, and impaired tissue regeneration [1].
Advanced biomaterials, particularly responsive hydrogels, have recently
emerged as very promising delivery platforms for targeted drug delivery and
enhanced wound healing [2-4].

Hydrogels are 3D networks of hydrophilic polymers that have a high
degree of hydrophilic properties that can facilitate the transport of nutrients
and the removal of wastes. The three-dimensional polymeric network is
porous to allow cell adhesion, growth, and mobility [5, 6]. The mechanical
properties are modifiable to allow for the mechanical properties of the
hydrogels are modified to match those of the surrounding tissue to evenly
distribute stress, and integrate into the wound environment [7]. Injectable and
in situ polymerizable hydrogels can be applied for minimally invasive
applications and also they are useful for irregular wound shapes [5, 8].

Responsive hydrogels are engineered to recognize and respond to certain
wound environments, for example temperature, pH, reactive oxygen species
(ROS), enzymes and glucose [9]. This responsiveness provides targeted and
on-demand delivery of therapeutic agents, tailored to the healing phase and
specific pathologies of the wound [9]. When it comes to diabetic wounds,
hydrogels that detect and respond to pH can trigger the localized release of
antibacterial agents and growth factors, which ultimately, can produce better
treatment outcomes at the various healing phases [9, 10].

Responsive hydrogels are also able to deliver multiple therapeutic agents
in a controlled manner, (e.g. silver nanoparticles that will provide antibacterial
function, curcumin for inflammation control together with vascular
endothelial growth factor (VEGF) for neovascularization) [9]. This controlled,
time- and spatially delivered approach has the potential to mimic the body's
natural wound-healing response, and contribute to the removal of bacteria,
reduction of inflammation and tissue regeneration [10, 11].
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Therefore, responsive hydrogels are a revolution in chronic wound care in
that they provide targeted, controlled, multi-modal therapy in response to the
wound environment [12, 13].

In summary, next generation responsive hydrogels offer a revolutionary
biomaterial platform for targeted localized drug delivery treatment of chronic
wounds. Through responsive signals in the wound microenvironment, these
engineered hydrogels allow for the precise, controlled, and multifunctional
releasing and spatially distributing of therapeutic agents.

Therefore, next generation responsive hydrogels offer incredible potential
to promote healing, reduce the likelihood of complications, and improve
patient care of patients with chronic wounds. Current research was focused on
hydrogel responsiveness, and integration with novel drug delivery systems to
promote healing outcomes and increase patient quality of life.
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