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Abstract

Hydrogels are being developed as versatile frameworks in medicine delivery, wound healing, and regenerative medicine due to their unique properties, including
high water content and biocompatibility. In medicine delivery, smart hydrogels capable of responding to various stimuli enable controlled drug release while
reducing side effects. Integration with natural and synthetic polymers, as well as magnetic nanoparticles, enables targeted delivery and sustained release,
demonstrating promising applications in inner ear drug administration and intravascular treatments. Additionally, carbon quantum dots and hydrogel
nanocomposites enhance solubility, drug loading capacity, and anticancer effects. In wound care, hydrogels promote healing through moisture retention, nutrient
exchange, and infection protection. Recent advancements include antibacterial hydrogels with conductive properties and glucose-responsive formulations for
diabetic wound repair, highlighting the incorporation of biomolecules to aid in healing. In regenerative medicine, hydrogels mimic the extracellular matrix and
support tissue engineering, with innovations in collagen/alginate/fibrin-based compositions showing promise in soft tissue repair and complex tissue constructs.
Techniques like cryo-bioprinting are advancing the development of anisotropic hydrogels, further expanding their application in muscle-tendon and engineered
cartilage tissue engineering. Overall, these advancements offer significant potential for improved therapeutic efficacy across medical fields.
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Introduction

Polymer hydrogels are three-dimensional systems of polymer chains that investigations and progressing healthcare results. Hydrogels are systems
have the capacity to assimilate and hold huge sums of water [1]. Within the made of hydrophilic polymers that can swell in water and hold their shape
field of science, polymer hydrogels have picked up noteworthy consideration while retaining water. Characteristic polymers, like alginate, starch, and
due to their biocompatibility and similitude to characteristic tissues. These chitosan, are perfect for making hydrogels due to their biocompatibility and
materials have been utilized in different biomedical applications, such as natural invitingness [8-9]. These hydrogels have different applications in
medicate conveyance frameworks, tissue designing, wound recuperating, and medication, such as sedate conveyance, wound dressing, and tissue recovery.
biosensors [2-5]. The special properties of polymer hydrogels, such as their Biocompatibility is significant for biomedical utilization, guaranteeing
tall water substance, tunable mechanical properties, and capacity to imitate negligible hurt to encompassing tissues. In any case, common polymer
the extracellular lattice, make them perfect candidates for utilization in hydrogels frequently need sturdiness and mechanical quality, which can be
natural frameworks. Analysts have been investigating distinctive sorts of moved forward through cross-linking or blending with other materials [10].
polymers and crosslinking strategies to tailor the properties of hydrogels for Biodegradability is additionally basic for tissue recovery, permitting cells to
particular applications. Generally, polymer hydrogels hold an awesome grow and spread within the hydrogel. The rate of biodegradation depends on
guarantee within the field of science and have the potential to revolutionize polymer properties like atomic weight and hydrophilicity. This article
the way we approach different restorative challenges [6]. Their flexibility and addresses three important issues in bio-hydrogels and briefly provides some
biocompatibility make them important apparatuses for progressing tips about them (Fig.1).
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Fig. 1. Important points about using polymer hydrogels in biotechnology
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Hydrogels are efficient drug delivery systems that can retain water and drug
particles, protecting them from harsh environments. Smart hydrogels can
respond to various stimuli and undergo phase transitions, making them ideal
for controlled drug release [12]. As the demand for hydrogels increases, they
are designed with various functionalities such as conductivity and self-
healing capabilities. Natural polymer-based hydrogels combined with
synthetic polymers or inorganic particles offer a range of functions for drug
delivery. Hydrogels containing different drugs have shown promising results
in ongoing studies and reducing side effects in animal experiments. Magnetic
nanoparticles, such as FesO4 particles, are commonly used in drug delivery
systems for targeted and controlled delivery [13-15]. Innovative magnetic
hydrogel microrobots with sustained drug release and targeted movement
have been developed for inner ear administration, showing positive results in
preventing deafness [16]. Hybrid gel beads and capsule microrobots based on
magnetic materials have been designed for intravascular targeted drug
delivery applications. Carbon quantum dots are also being researched for
drug delivery due to their unique properties, such as excellent fluorescence
and drug-loading capacity [18]. Researchers have developed hydrogel
nanocomposite films and bionanogels for drug delivery, showing pH-
sensitive and prolonged drug release properties with enhanced anticancer
effects. These innovative drug delivery systems offer potential solutions for
improving drug delivery efficiency and reducing side effects in various

medical applications [19].

Wound Dressings

Hydrogels have received attention as wound dressings due to their high water
content, providing a moist environment for faster healing and pain relief.
They also aid in nutrient exchange and protect against infections during the
wound-healing process. Recent studies have focused on natural polymer-
based hydrogels for wound care [20]. Hydrogels cross-linked with zinc have
shown antibacterial properties and promote wound healing by enhancing

fibroblast migration and tissue formation. Alginate dressings, especially
those cross-linked with calcium, are preferred for clinical use due to their
hemostatic properties. Antibacterial hydrogels with conductive properties
have also been developed for wound repair. In addition to traditional wound
healing methods, biomolecules such as enzymes and growth factors have
been incorporated into functionalized hydrogel formulations to improve
[21-25].

inflammatory and antibacterial properties have shown promise in diabetic

wound healing Glucose-responsive  hydrogels with anti-
wound repair. Composite hydrogels with bioactive substances have also been
designed for diabetic wound healing, promoting angiogenesis and reducing
oxidative stress [24-26]. Novel exosome-loaded hydrogels have been
developed for diabetic wound repair, using photo-crosslinking for targeted
exosome release. These hydrogels demonstrate strong adhesion, self-healing,
and responsiveness to pH, H202, and glucose levels to accelerate wound

healing by regulating the wound environment [25].

Frameworks for Regenerative Medicine (Scaffolds)

Hydrogels are being widely studied as platforms for regenerative medicine
because they can mimic the extracellular matrix (ECM), have high water
content, and support cell health. These hydrogels allow for the exchange of
oxygen, nutrients, and metabolites, making them ideal substitutes for tissue
engineering [26]. By combining natural polymers in hydrogels, a versatile
platform for tissue engineering is provided, offering biocompatibility,
biodegradability, and mechanical tunability to mimic the ECM. Different
types of hydrogels, such as collagen/alginate/fibrin-based hydrogels, have
been developed for soft tissue engineering and have shown potential for
creating pancreas and musculoskeletal tissues. Studies have shown that
hydrogels with similar mechanical properties to native tissues can enhance
tissue repair [27]. New composite hydrogels incorporating inorganic fillers
have been developed to improve performance in tissue engineering

applications. Anisotropic cell encapsulation in 3D hydrogels is important for
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tissues like skeletal muscle and cardiac tissue. Techniques such as cryo-
bioprinting and magneto-patterning have been used to create hydrogels with
anisotropic properties for applications in muscle-tendon units and engineered
cartilage constructs, offering new possibilities for complex tissue engineering
[28-20].

Conclusion

Hydrogels are developing flexible and efficient solutions for various
biomedical applications, including drug delivery, wound healing, and
regenerative medicine. Their unique properties, such as high water content,
biocompatibility, and the ability to retain and release drugs in response to
specific stimuli, make them particularly suitable for controlled and targeted
therapies. Incorporating innovative materials like magnetic nanoparticles,
carbon quantum dots, and bioactive substances into hydrogel formulations has
significantly improved their performance, such as promoting angiogenesis,
reducing side effects, and accelerating wound healing. In the field of wound
care, hydrogels not only create a moist healing environment but also possess
antibacterial properties and facilitate nutrient exchange, thereby enhancing the
overall wound-healing process. Progress in hydrogel designs, such as glucose-
responsive systems and exosome-loaded formulations, offer promising
strategies for managing complex wounds, especially in diabetic patients.
Additionally, hydrogels play a vital role in regenerative medicine by closely
mimicking the extracellular matrix, thereby supporting cell health and tissue
growth. Their mechanical flexibility and biocompatibility enable the
construction of various tissue types, with ongoing research enhancing their
functionality through innovative techniques like cryo-bioprinting and

magneto-patterning.
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