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Abstract: In this study, an alginate hydrogel was prepared and characterized through an enzymatic crosslinking reaction
of modified alginate with tyramine (Alg-Tyr) in order to develop an injectable wound healing agent that secures a mois-
ture environment and dense adhesion to rough wound surface with controlled physical properties. The modification of
Alg-Tyr was confirmed through attenuated total reflection-Fourier transform infrared spectroscope and proton nuclear
magnetic resonance spectrometer. The storage modulus, gelation time, hydrolysis behavior and in vitro cytotoxicity of
the hydrogel according to the crosslinking and concentration parameters of the alginate mixture were analyzed. The
optimum hydrogel was selected as Alg-Tyr 4 w/w%, horseradish peroxidase 0.2 mg/mL and H,0, 4 pL/mL concen-
tration of composition. As results of in vivo wound healing rate and histological evaluation, the alginate hydrogel group
showed superior recovery speed and skin regeneration ability compared to the control group, and it is expected to be
used as an injectable wound healing agent.
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= 3RIsl7] 918l attenuated total reflection-Fourier transform
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conical tubeo F9 33 shaking water bath(DS-23SN,
DASOL SCIENTIFIC, Korea)ollX] 973t 37437 C, 1000
pm)s FAIAIA FAL, o F vl 2487+ TR Azbelo] &
7%k sto| =24 0] &3] FallElo] Hde] He AHE S
ate] 7t slo|=gA o] 7l A5S S35t
In vitro MIZESM "It FAxH| ZHHoz J=3h=
o858 IR EA= A=A A Wb aqEnh &
215k slel e e AR A AT Sl 7] EAOR A
Y=L A= MAEZSAH 7 Hcytotoxicity testyS AATSIATE Al
E =24 7= 1SO 10993-5:2009, biological evaluation of
medical device T extract test§ 0.2 H71E sl o, 3
7toll = vh$-229] A -5-0}A 2 (mouse embryonic fibroblasts,
NIH-3T3, Korean Cell Line Bank, Korea)s Althu]%ksle] A}
4313t 839 A= 20 mL Dulbecco’s modified Eagles
medium(DMEM) BiA]e]] 4 go] €714t slo|=24l s 93}
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ol g3le] HRAT PR AP 1Pt T

Korea)S
EHY2 A SEAEads|e] Aty 2

FOl(EERE ST 2017-0131)00 28 &t SD
re] S A A 95D B Fege AR
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Yol exke] s Arg o7 EaAel Ayt 7Rssich 28y

o

G4 AA IO R Slo|=2Adle] Bl eE IS 28T
F glom 27} ¢olo] AAEH —dﬂl B3l 7F =71 w2l
<712k EDC/NHS AZH ¥He-S 54 384 7lwyd o
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Alg-Tyr A 85 AZ8I3H. sto|=24 7lls flsit = 71
WAZE =, R A-8atr] fleiie et ¢
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AHAlg-TyryE et d1bahs &2 il a5e] 54
37t vepds AL BR1e th(Figure 1). E714H- 3200-
3400 cm™ O-H stretching, 2924 cm™ C-H stretching, 1600-
1410 cm™ -COO L5 % C-O-C stretching, 1043 cm™ C-O
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Figure 1. ATR-FTIR spectra of (a) the alginate; (b) the tyramine;
(c) the modified alginate with tyramine (Alg-Tyr). The peaks of the
Alg-Tyr compound of -CONH group at 1640 cm” and of O-H
stretching at 3300-3200 cm™ were originated from alginate and tyra-
mine by EDC/NHS coupling reaction.
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stretching, 960 cm™ C-H stretching®] ¥ 35 Ueh)Qic} 1
222, ElgF2 3100 em” 2 1750 em™” N-H stretching, 1615
2 1590 cm™! aromatic C=C stretching, 1210 cm™ C-O, 1115
em” C-N stretching®l|X €] 2258+ 54 925 YeERHICE >
girle® sjdd dx1ake] A EH (Figure 1(c))@ E714t
7 gl °] M e 549 AE4] HAE F5te, O-H
stretching 2 C-H stretching, N-H stretching aromatic, LlEb_
C=C stretching ¥|=7} ERI=|o], Rkl &gk NHAR=
A = AUk 53], MR L714F] 1640 em el *H
22 J2Z7t AEEAe, ol &1k EAlshs -COO
51600 ey El2HRIe] -NH, 5] A% wk-3led -CONH
IEL AT o3t Ao Z Helr)

U7l Elehile] =qjed i gl ]% 'H NMR<S F3l1A]
F7H o2 F]lsilnt. e 2RI} EDC/NHSHESS
Fol] FAdE Alg-TyrS ¥|23led 6.9 ppm} 7.2 ppm =

oA yYehhs WAl el o] S92 Alg-TyrellA Y=
g Ao EAN Bl aFe] EYE AS @RlE + 3
ATHFigure 2). & A7ollrfe] Elghile] =qie dlqtke] )
Az7Ae AT o, A 1 ¢ T SAlske 779 &

HO’ 0
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Figure 2. "H NMR spectra of (a) the alginate; (b) the modified alginate with tyramine (Alg-Tyr) compound. The characteristic peaks of tyra-
mine moiety in Alg-Tyr compound specimen were detected at (A) 6.9 ppm; (B) 7.2 ppm. The hydrogen peaks at (C) 5 ppm indicate reference

peak of the alginate.
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Figure 3. The storage modulus (G') of the alginate hydrogels according to concentrations of (a) the Alg-Tyr solution at HRP 0.2 mg/mL, H,0,
5 uL/mL; (b) the HRP at Alg-Tyr 4 w/w%, H,0, 5 ul/mL; (c) the H,O, at Alg-Tyr 4 w/w%, HRP 0.2 mg/mL, respectively.
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Figure 5. Hydrolytic degradation completion time of the alginate
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Figure 6. Cell viability of alginate hydrogels with various concen-
tration of alginate-tyramine (Alg-Tyr) solutions (at HRP 0.2 mg/mL,
H,0, 4 pl/mL with 2, 4 and 6 w/w% of Alg-Tyr) (n =5, NS means
not significant).
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Figure 7. (a) Photographs; (b) wound area of in vivo rat skin defect model as a function of period of wounds treated with gauzes and alginate
hydrogel dressings. Paired student t-test repeat with two groups (n=735, *p <0.05).
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Figure 8. Histological observation of the regenerated skin tissue
layers with hematoxylin-eosin (pink; cytoplasm, dark blue; nuclei)
and Masson’s trichrome (dark red; keratin and muscle fibers, pink;
cytoplasm, light blue; collagen, dark blue; nuclei) staining by treat-
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black and white triangles in magnified square insets indicate inflam-
matory cells (macrophage) and regenerated epidermal tissues,
respectively.
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