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Abstract of Thesis

Hydrogels with the ability to support cells structurally and biochemically have emerged as promising
scaffold materials for the fabrication of tissues in vitro. Selecting suitable hydrogel materials and methods
of manufacturing these matrices can produce tissues with desirable characteristics. This research study
describes the synthesis and fabrication of appropriate hydrogel matrices for two-dimensional (2D) and
three—dimensional (3D) cell culture systems utilizing biocompatible and biodegradable chitosan— and hyaluronic
acid (HA)-derivative hydrogels.

Chapter 1 briefly reviews the background and purpose of the present study, which aims to develop and apply
functionalized chitosan— and HA-derivative hydrogels as scaffold materials for cell culture systems. In
addition, previous research history is described to identify the problems and solutions that should be
considered, and the overall framework of the study is highlighted
Chapter 2 describes the synthesis and characterization of galactosylated chitosan hydrogel sheets obtained
via horseradish peroxidase (HRP)-catalyzed oxidative cross—linking of a phenolic (Ph)-substituted chitosan
(chitosan—Ph) for tissue engineering applications. The degree of galactose moieties incorporated into the
chitosan hydrogel modulates its physical properties and also the behavior of hepatic cells cultured on the
hydrogel.

Chapters 3 and 4 describe the production process of cellularized spherical and single/bundled fiber—shaped
tissue constructs obtained using coaxial double-orifice spinnerets through enzymatic cross—linking and
degrading of Ph-substituted HA (HA-Ph). The encapsulated cells within the HA-Ph spherical and fiber—shaped
hydrogel vehicles maintained high cell viability during extended culture under physiological conditions. The
hydrogel vehicle dimensions were controllable by altering the flow velocities of the co—flowing streams and
cross—linking reactant concentrations. These hydrogel vehicles were strong enough to maintain their structural
integrity in culture media during the incubation period and the encapsulated cells were not released through
the hydrogel membrane following hydrogel dissociation. Furthermore, considerable encapsulated cell
proliferation was observed within the HA-Ph hydrogel vehicle hollows. Cell adhesion on the HA-Ph hydrogel
membrane surface was achieved through surface modification of the HA-Ph hydrogel vehicles with gelatin—Ph.
Formation of spherical and filament-like single/bundled tissues covered with a heterogeneous cell layer was
confirmed from the remaining spherical and filament—1like tissues, respectively, after degradation of the HA-Ph
hydrogel membrane by hyaluronidase. The resulting cellular tissue—engineered constructs had the ability to
promote tissue regeneration by providing a biomimetic extracellular matrix of native tissue

Chapter 5 describes covalent cross—1inking of low molecular weight HA (LMWHA) as a stimulator for endothelial
cell (EC) migration within the gelatin—based hydrogel. LMWHA with Ph—hydroxyl moieties (LMWHA-Ph) cross—1linked
through the HRP-catalyzed reaction was immobilized within the gelatin—-based hydrogel. This approach resulted
inactivation of ECs with a higher motility response as well as extensive cytoskeleton elongation and spreading,
highlighting the potential to utilize the synthesized hydrogel for fabricating dense and vascularized tissues

in vitro.
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