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Abstract: Thermogels are highly useful as injectable hydrogel formulations due to their unique temperature-sensitive sol-
gel properties, but their application in tissue engineering formulations has been limited by their poor mechanical prop-
erties and cellular affinity. In this study, a novel injectable biohybrid thermogel scaffold with enhanced mechanical prop-
erties and cellular affinity was prepared and evaluated by physical blending of hexanoyl glycol chitosan (HGC), a natural
polymer-based thermosensitive hydrogel, with chondroitin sulfate (CS), an extracellular matrix-derived component. The
resulting HGC/CS hydrogel retained the temperature-sensitive sol-gel properties attributed to HGC and exhibited suitable
physicochemical and rheological properties as an injectable formulation. Furthermore, this biohybrid thermogel showed
excellent potential as an injectable tissue engineering scaffold for effective cartilage regeneration due to low toxicity
towards chondrocytes and enhanced cell affinity.

Keywords: biohybrid thermogel, injectable scaffold, hexanoyl glycol chitosan, chondroitin sulfate, cartilage regeneration.
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Scheme 1. Schematic illustrations of HGC/CS biohybrid thermogel as a tissue engineering scaffold (created with BioRender.com).
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Table 1. Synthetic Results of HGC

Sol-gel transition temperature
Tgc]c ( QC ) Tgc]d (DC )
28.2+0.2 29.8+1.4

HA/NH;* DH® (%)

Sample

HGC 0.39 37.9

*Feed molar ratio of hexanoic anhydride (HA) to glucosamine residue
of GC

*Degree of N-hexanoylation determined by the peak integration of 'H
NMR spectra in D,O

“Sol-gel transition temperature determined by the tube tilting method (polymer
conc. =4 wt%, PBS)

9Sol-gel transition temperature determined by rheometer (polymer conc.
=4 wt%, PBS)

Table 2. Chemical Compositions of HGC/CS Thermogels

Polymer concentration ~ Sol-gel transition temperature

Sample
HGC (wt%) CS (Wi%) Ty (C) T (C)
HGC 4.0 0 28.2+0.2 29.8+1.4
HGC/CS-2 4.0 2.0 27.340.5 27.6+0.8
HGC/CS-4 4.0 4.0 26.5+0.4 26.8+1.0

*Sol-gel transition temperature determined by the tube tilting method
®Sol-gel transition temperature determined by rheometer
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HGC2| &M X 4. HGCE= GC2] N-hexanoylationS 53]
SHI3IAtH(Scheme 2). Glucosamine residuel] THE}+ hexanoylic
anhydride®] WF$- 42 03902 A3l GC| free amine
groupdl] 22749 FAR=A7]E B35kt §/4dE HGCY
s}8h4] 24> 'H NMR 29 ER] 1415 Faf glsqirh
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Table 3. Description of Reactivity Zone of Direct Contact Cytotoxicity Assay

Grade Reactivity Description of reactivity zone
0 None No detectable zone around or under specimen
1 Slight Zone limited to area under specimen
2 Mild Zone extends less than 0.5 cm beyond specimen
3 Moderate Zone extends 0.5-1.0 cm beyond specimen
4 Severe Zone extends greater than 1.0 cm beyond specimen but does not involve entire dish
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