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Preface

This book provides solid, quantitative descriptions and reliable guidelines, reflecting
the maturation and demand of the field and the development of new polysaccharide
nanocomposites. It focuses on the different types of polysaccharide nanocomposites
of cellulose, chitosan, alginate, etc. for gene delivery and tissue engineering. The book
also covers polysaccharide hydrogels for tissue engineering and polysaccharide mag-
netic nanocomposites for gene delivery and highlights the most exciting applications
in the field of gene delivery and tissue engineering. This book will be of interest to
researchers working in the fields of material science, biomaterials, regenerative med-
icines, drug delivery, tissue engineering, polymer science/chemistry, and chemical
engineering, and in the polymer industry. It will be useful for scientists working on
polysaccharide nanocomposites for gene delivery and tissue engineering. The book
will be very helpful for students in the development of new polysaccharide
nanocomposites as well as graduates in polymer technology, biomedical science,
and biotechnology.

The two introductory chapters cover basic information about polysaccharides and
nanocomposites, to provide a foundational understanding. The second section of this
book covers chitosan and its derivatives-based dimensional frameworks as carriers for
gene delivery, alginate- and hyaluronic-based hydrogels for tissue engineering,
heparin- and cellulose-based nanocomposites for and dextran, pullulan, gellan,
xanthan, and xanthun gum-based nanocomposites for tissue engineering applications.
The last section describes polysaccharide-based 3D bioprinter inks for tissue
engineering, polysaccharide-based nanocomposites for gene delivery, chitosan- and
starch-based nanocomposites for gene delivery, and hyaluronic acid magnetic
nanocomposites for gene delivery.

Finally, we assure the readers that the information provided in this book can serve
as a very important tool for anyone wishing to select/design polysaccharide-based
nanocomposites to fulfil the requirements of gene delivery and tissue engineering
applications. We are grateful to all the authors who contributed chapters to this book
and who helped to turn our thoughts into reality. Lastly, we are grateful to the Elsevier
team for their continuous support at every stage to make it possible to publish on time.

Showkat Ahmad Bhawani
Zoheb Karim
Mohammad Jawaid



Hyaluronic acid-based hydrogel
for tissue engineering

Maya Asyikin Mohamad Arif
Faculty of Resource Science and Technology, University Malaysia Sarawak,
Kota Samarahan, Sarawak, Malaysia

5.1 Introduction to tissue engineering

The past 30 years have seen increasingly rapid advances in the field of tissue engineer-
ing, an interdisciplinary field that involves biomaterials science, cell biology, cell-
material interaction, as well as surface characterization. Tissue engineering plays
an important role in the restoration, preservation of damaged tissues or whole organs,
as well as in the construction of new tissues to replace the lost tissues. Restoration or
creation of new tissues normally involves four components, which are progenitor or
stem cells, biomaterial scaffold, signaling proteins, and bioreactors. To develop a tis-
sue, usually, the stem cells are first isolated from the tissue of interest, normally
obtained from patients’ small tissue biopsy. The isolated cells are then cultured
and harvested in vitro. The isolated cells are then loaded into a three-dimensional bio-
material scaffold that has similar properties with the normal extracellular matrices
(ECMs) of the selected tissues. Subsequently, the cell-implanted scaffolds are injected
into the patient either through a needle or other minimally invasive delivery proce-
dure. The fabricated tissue can also be transplanted into a patient’s body through sur-
gery. Of all the key components, the design of biomaterial scaffold with optimum
characteristics is very crucial to ensure success in tissue engineering. Over the years,
the role of hydrogels as a biomaterial scaffold in tissue engineering has received
increased attention thanks to their desirable framework for cell growth and survival,
on top of their unique properties and resemblances with the natural extracellular
matrices (ECMs).

5.2 Overview of hydrogel

A hydrogel is referred to as three-dimensional (3D) cross-linked polymer scaffolds
that form a macromolecular network capable of maintaining high water content.
The hydrogel can be prepared from natural polymers such as collagen, gelatine, algi-
nate, hyaluronic acid, and chitosan [1], as well as from synthetic materials such as
polyethylene glycol (PEG) [2, 3], polyacrylamide (PAA) [4-6], polydimethylsiloxane
(PDMS). Hydrogels can either be formed through physical or chemical cross-linking
methods. To mimic the ECM and regenerate new tissue, the design of hydrogel must
adhere to several criteria. For instance, a hydrogel scaffold should contain 3D
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