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Hyaluronic acid (HA) is an indigenous biocompatible anionic hydrophilic polymer that has recently been applied to various
advanced technologies. From nanotechnology to 3D bioprinting, this polymer shows huge potential as it has unique
physicochemical properties and can promote various essential biological processes, including cell signaling, tissue
regeneration, and repair.
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presence of hyaluronidase enzyme the polymer gets cleaved.
It produces much less molecular weight fragments which
Hyaluronic acid (HA), a biocompatible anionic hydrophilic  nroguce activities such as cellular quiescence (>500 kDa),
endogenous biopolymer, is extremely renowned for its anti-angiogenesis and immunomodulatory (> 500 kDa),
unique molecular weight-specific vaso-elastic properties for  \yound healing (<250 kDa), endothelial cell proliferation and
its application on various cosmeceutical, pharmaceutical, and  migration (<100 kDa), angiogenesis and free-radical
medical devices.! Apart from its extremely high scavenging (<10 Kda).?

hydrophilicity and rheological properties, this polymer,

depending on its molecular weight, shows various

biochemical advantages during therapies. Though the

molecular weight of HA is as high as 1000 kDa, in the

1. Introduction
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2. HA Modifications for Improved Functionality and
Applications

HA modification through cross-linking and engineering helps
to improve cell targeting and conjugation. The bio-
conjugation of HA also enhances the mechanical,
rheological, and swelling properties of the polymer, and
improves the protection against enzymatic degradation
allowing longer residence time at the site of action. Chemical
modification of hydroxyl and carboxyl groups can enhance
its properties such that modification of hydroxyl groups like
etherification and esterification can improve the stability and
functionality of the biopolymer, while carboxyl group
modifications, including amidation and esterification,
improve the drug conjugation and crosslinking with the drug
delivery system.®

3. Applications for HA
3.1 Nanofiber

HA-based nanostructures, such as nanofibers and nano
micelles, are some of the latest innovations that have not only
improved the delivery of therapeutic agents for various skin
conditions but also improved the efficacy of wound healing
and tissue repair by promoting cell proliferation.*

3.2 Hydrogels

HA-hydrogels are extensively utilized in biomedical
applications as they are biocompatible, and biodegradable,
and for their ability to mimic extracellular matrix. The
desired mechanical properties and controlled drug release
profiles can be achieved for these types of hydrogels through
various cross-linking strategies making them suitable for
targeted therapies in conditions like osteoarthritis and
cancer.®

3.3. 3D bhio-printing

HA-based bioinks are in extensive use for the fabrication of
tissue-engineered constructs. Application of HA bioink in
tissue-engineered cartilage generation has been successfully
conducted and showed improved functionality and matrix
deposition. Some modifications such as gelatin methacrylate
cross-linking have been shown to improve mechanical
stability and much more robust printing during complex
tissue fabrication.’

3.4 Cancer therapy

Being an indigenous biocomponent, HA has an affinity
towards CD44 receptors that are overexpressed in tumor

cells. These unique characteristics of HA further improve the
targeted drug delivery of cancer therapeutics in the tumor
cells. In the recent past, camptothecin and curcumin have
been successfully targeted by HA-based nano-drug delivery
systems to cancer cells with maximum therapeutic efficacy
and minimum systemic toxicity. HA-coated chitosan
nanoparticles have also promised outcomes in ROS-mediated
apoptosis of tumor cells.”

4, Conclusion

HA stands as a promising biopolymer in biomedical
innovation and with its multifaceted properties the polymer
can bring many advancements in the field of regenerative
medicine, targeted drug delivery, and diagnostic applications
opening the path for various therapeutic possibilities.
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