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Abstract: In this study, we developed self-crosslinkable and self-healing hydrogels by conjugating biocompatible and
biodegradable glycol chitosan (GC) with biofunctional gallic acid (GA) and evaluated their potential application as a new
tissue adhesive biomaterial. A series of GA-GC derivatives with different GA content were synthesized by varying the
feed molar ratio of GA and their hydrogels were prepared via self-crosslinking reaction between pyrogallol groups of GA.
The self-healing ability of GA-GC hydrogels was confirmed by rheological analysis, and their mechanical strength and
tissue adhesion strength were observed to increase as the GA content of the hydrogels increased. The GA-GC hydrogels
with biodegradability and low cytotoxicity would be useful as new tissue adhesive biomaterials.
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FTIR ¥4& Eal 18381932, 534 (theometer)ell <3 =+

7}, s A E A]E 7] (universal testing machine,
UTM)l| &J&t 71718 &4 37}, Aield 2 Alx=s4 J7t
£ B3l 2AFEA slol=2A 2AEA §8 TR S

Al =1 |

Algf & AR, £ ATelA FEF 71EAHGC, DP >200)
2 Wako Pure Chemical Industries, Ltd.(J)ZHF ¢
kR, ZAake Sigma-Aldrich(F ) A ES, N-(3-
dimethylaminopropyl)-N"-ethylcarbodiimide hydrochloride
(EDC), N-hydroxysuccinimide(NHS)+= Sigma-Aldrich("] =)
A E-S-, lysozyme(from chicken egg white)> Sigma-Aldrich
Fhuth AFS st ARttt & EE 33 S/
oF wiehE (A 38, dhye ARRsl e, I Al oAlE
GH 38, sh)ye ARSIt FA 2 (molecular weight cut-
off: 12-14 kDa) Spectrum Laboratories(F]=}) | &< A&
3}tk Deuterium oxide(D,O0) % Dulbeccos’ phosphate
buffered saline(PBS)= Sigma-Aldrich(F]=) A& A3
}.

GA-GCe| & A 24, GC 0.1 g2 33} 75 50 mLo|
=1t} 32k S/ 20 mLoll GAE Table 1014 A|A]€ 1F
SHlol aiFshe FS H7tetd =9 F e e EDC/
NHSE ¥ol § A4 A= A7 wnksilnh. 523] =
A GC &S H7lsto] da AJel= 24417F F<t wnt sl
HESAIZTE BES- 89S 249 (molecular weight cut-off: 12-
14 kDays ©|-&38t 297 FA48 & FA0%8tq 394
FE ] GA-GCE AUt | A 425 DO &
mfoll 0.5 wt%= 834131 - BrukerAte] 600 MHz NMR
(AVANCE III 600 spectrometer, &5 )= AH&-3te] 4 'H
NMR =HEdo] o3) s}ah4 24 £48 T3t
Thermo Scientific AF2] ATR-FTIR(Nicolet iS 5, ©]=F) 7] 7]
£ ©]&3ke] 4000-750 cm™ Ik W oA 4 em'o] #all s,
328] 2708 B3l Aojxl aEAt AEe] FTIR 2 ERS &

4 ahsict.

Table 1. Synthetic Results of GA-GCs

Feed molar

Sample ratio” DG (%) Yield (%)
GA5-GC 0.20 5.17 88.00
GA10-GC 0.45 10.75 82.70
GA15-GC 0.60 15.40 88.45

“Feed molar ratio of gallic acid to glucosamine residue.
"Degree of gallylation determined by the peak integration of 'H NMR
spectra.
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450 nm 3o A ] FFE xfolE &1t cell viabilityS
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Figure 1. Synthesis scheme of gallic acid conjugated glycol chitosans (GA-GCs).
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Figure 2. (a) 'H NMR; (b) ATR-FTIR spectra of GC and GA-GCs.
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F GA-GC £ =452 'H NMR 2~ EY EX A= A|A]
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Figure 3. Self-healing ability of the GA-GC hydrogels. (a) Photographs showing the self-healing process of the GA-GC hydrogel; (b) The
strain sweep test (y=0.01%~50%) at 24 °C and a fixed frequency (1 Hz); (c) alternate step strain sweep test under a small strain (y=0.01%)
and a large strain (y=50%) with 60 s intervals at 24 °C and a fixed frequency (1 Hz).
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Figure 4. Compressive strength of GA-GC hydrogels. Each data
point presents mean + standard deviation (n=3).
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Figure 6. Enzymatic degradation profiles of GA-GCs hydrogels in
PBS containing 10 mg/mL lysozyme at 37 °C. Each data point pres-
ents mean + standard deviation (n=3).
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Figure 7. (a) In vitro cytotoxicity study of GA5-GC and GA15-GC
to observe cell viability in NIH 3T3 cells. Data are presented as the
mean + standard deviation (n=3); (b) live/dead assay of NIH 3T3
cells cultured in cell culture medium containing 1.0 wt% GA-GCs
hydrogels for 2 days.
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