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Engineering

The aim of this research is to develop photocrosslinking of a biphasic injectable
hydrogel material that can be injected into the human body as liquids and cure to
form an in situ solid hydrogel. A biphasic injectable hydrogel material with a modified
chemical structure derived from poly (vinyl alcohol) (PVA) and silk fibroin (SF) for

meniscus tissue engineering that is applicable to arthroscopic surgery.

PVA is one of the most commonly used materials in tissue engineering because
of its high mechanical properties, non-toxic nature, good biocompatibility, and
biodegradability. But the disadvantage is that the cells cannot adhere. As for SF, it has
excellent cell compatibility, such as cell adhesion and cell proliferation, as well as
mechanical properties and biodegradability. Thus, these two materials have been
frequently used as cytoskeletons in tissue engineering. Although tissue engineering
works well in in vitro experiments, it is not yet clinically viable. We therefore propose
a biphasic scaffold that could be injected via an arthroscope portal during the liquid
phase and become solid after injection into the meniscus and can be injected into the
human body as liquids and cure to form an in situ solid hydrogel. To improve the
properties of the material to have better cell adhesion as well as the biocompatibility
of polyvinyl alcohol and silk fibroin. The silk fibroin was prepared by a microwave-
assisted dissolve process to reduce the preparation time and obtain a high molecular
weight. Grafting glycidyl methacrylate (GMA) onto PVA (PVA-g-GMA) chains via
transesterification reaction and SF (SF-g-GMA) via epoxy ring opening reaction to
improve functional groups capable of polymerization with UV light. The best condition

of PVA-g-GMA was prepared at a concentration of 10% w/v and concentrated at 50%



w/v. The PVA-¢-GMA and SF-g-GMA were mixed in different proportions: 100:0, 75:25,
50:50, 25:75, and 0:100% w/w, and then the photoinitiator, lithium phenyl-2,4,6-
trimethylbenzoylphosphinate (LAP), was mixed with the mixture and formed into a
hydrogel by injecting it into a mold, and then the hydrogel was stabilized by UV light.
(wavelength 365 nm, light intensity 6 mW/cm?) for 10 minutes.

The different proportions in hydrogel formation by mixing PVA-g-GMA and SF-
g-GMA were studied. Relate found that all proportions can be molded into injectable
hydrogels. SF changes its chemical structure from random to B-sheet conformation,
which affects its mechanical properties. The compressive modulus was similar to that
of the human meniscus. It has a porous size of 27-155 um, similar to that of human
chondrocyte cells. PVA-g-GMA and SF-g-GMA have better degradation properties than
unmixed PVA-g-GMA and SF-g-GMA.

Hydrogel encapsulation of cells was also studied. Human chondrocytes were
mixed in a mixture of PVA-g-GMA and SF-g-GMA and then injected into a biphasic
hydrogel under UV light. Live and dead cells were tested for cytotoxicity properties
and gene expression. PVA-g-GMA/SF-g-GMA biphasic injectable hydrogels, increasing
the ratio of SF-g-GMA promoted the viability of human chondrocytes with the in vitro
cell test. The PVA-g-GMA/SF-¢g-GMA 75:25 biphasic injectable hydrogel has the potential -
to be used as a rapidly photocurable biphasic injectable hydrogel for cell-
encapsulated augmentation based on mechanical properties, live and dead cells, cell
viability, gene expression, and in vitro degradation for meniscus repair by using

arthroscopic surgery.

Student’s Signature.. Jirepom.. Sinna.....

Advisor’s Signature

School of Polymer Engineering Co-Advisor’s Signature... b //

Academic Year 2022 Co-Advisor’s Signature



