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Abstract: The gelatin hydrogel modified with tyramine (Gel-Tyr) was prepared an enzymatic crosslinking reaction to
develop a sprayable wound dressing that is easy to use and hygienic on broad and complicate wound area with bio-
compatibility, wound healing ability, and comfortable wearing. The substitution rate of Gel-Tyr was calculated through
'H NMR. And the gelation time according to the concentration of gelatin, horseradish peroxidase (HRP) and H,O,, rhe-
ological properties, swelling ratio, biodegradation behavior, in vitro cytotoxicity, cell viability was evaluated. The hydro-
gel with rapid gelation rate and optimum performance as a wound dressing was selected as a sample prepared with a
compound concentration of Gel-Tyr 3 wt%, HRP 3.50 units/mL, and H,0, 0.2 uL/mL. In the in vivo full-thickness wound
model animal experiment and histological evaluation, the Gel-Tyr hydrogel showed an accelerated wound healing rate
and dermal regeneration compared to the control group. It is expected to be used as a sprayable wound dressing in med-
ical treatment, conveniently.

Keywords: gelatin, tyramine, sprayable hydrogel, enzymatic crosslinking, wound dressing.
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slod 30%-7F 180 rpmeZ wHbet ek 2 5, B2k 0.168
gS TSI 12417 &9t WRkAA Azele] 7jERkE-S X
gslgict. vhgo] F4dE ¥, & o] By AESHARL
"Hk-g- EDCOF NHSE A 7817] 218 100 mM NaCl &4,
25% ole-E, ATE A OE ARt 24, 14, 1970
FAE 8AIZE S ghye Xgeiditt. F4S e Gel-
Tyr &8 37 FAAX ] 294 FElz F5351 |
AR DAt

EDC/NHS 880l o3¢ Gel-Tyr 2=34]¢] /fdey 2 A
F22l MAES 42HE317] 913H proton nuclear magnetic
resonance spectrometer('H NMR, Bruker Biospin, Advance
11, 400 MHz, Germany)E ©]-8-3to] W3- ¢ 2 #AZHA|
o] Tl WE ANEES S RS S
Z} N/ &+& deuterium oxide(D,0, Sigma, USA)l| 83154992,
=50l gk AlgtRle] Ee]3 kvt BAEkA] s 37°C
z70M 45

Gel-Tyr 3l0|E2HIO| M|Z. Gel-Tyr #4& FA4A%H
Gel-Tyr 2HAE 1-6 wt% FE2 37°C] Qlatetz ]2
4(PBS, pH 7.2, Gibco, USA) SN0 2 L3|A]A FH]3}
th ZaF 7S 53 sto| =2 A= 2k s] gl
E Gel-Tyr &9 o] HRP(horseradish peroxidase, specific
activity 147 units/mg, Amresco, USA)2} H,0,(30%, Daejung,
Korea)s &351ale] 3sIt). Gel-Tyr £ HRP} H,0,
£ FAo F7H 7, 7hnkgo] S 0% Z9YE 7] uf
ol W L] #dst =Xt ot o]F Bk
Al o]AE 23 o] (5x5 mL EVICEL®, USAP] HRPE 3
7}gt Gel-Tyr 8213 H,0, & H7Fe Gel-Tyr &5 717}
Fdste] gaFujuk-gol oF S22l 7t s WAk
mixing nozzle(EVICEL®, USA)S- Ag3]o] 52} FA]
A 71k JiABhs stol =2 Alst WAl S ARE-

ATt

ki

S

Polym. Korea, Vol. 45, No. 4, 2021



612 AAA

g

YWRH|(Swelling Ratio) &4. slo]==49] sFwof up
e 548 #A5] S8l BaHE s A
10mm, Z°] 5mme] 42]Z E=of| HRPS} H,0,7} 2+
A7re Aeiel g8 FAlo] BEAlsle] slo|l=24 T

A FHZ 7hAT) AL, SAARE Psiith. SEAFE G

Gel-Tyr t]2==9] AxZ%S 543 5, 50mL PBS &]

Yol 37°C ZH00A 15, 30, 455 5oF X3 & S =

Aot thea 722 2 o2 ARttt we WaEE slol=

2A0| BA|, wie $AAZE sto|=2A4 9] FAolth

Swelling ratio(%) = (W;— Wy)/W,x 100 )

AN o

0

O

HSAZH B4, 2xgo]y sol=zaz $45)7] s
£ EfHgelo] BAME & A&s slse] AR ERol
AP =2 3 gHsolok Ut mekd, sjol=zAe] A
3PAZHS tube inversion S o83 AR slo|l=2A
o 7kweR o ol 324 Al B AEE ST
Gel-Tyr ¥ HRP, H,0,2] =0l w2 slo]=z2d A3z 7k
= 27 ARSI

FHEN SM 2M. Gel-Tyre] =0 mE f1d4 &
e BA317] 918t d S HE(TA instruments, USA)E ©]
|3t AHHAAE(G)S =3I 25°CoA gapS 1 mm
2 743}, 20 mm<] parallel-plate geometry S AH-8-3}]
Gel-Tyre] 7+ =X sloj=24 tj2~39] ('S dynamic fre-
quency REE o|§ste] SA AT

MEHHS BY. slo|l=24 9] AEfAs 248 AlEe
B FRANAGNA Az, Bl g 7175 3
HS7 1871, 70% oAeE3 UV ZALE B3l HaA2st
ALt so|=2A AgE AE 10mm, 2ol 5mme] A#FE
=EE o]83lo] Hiaa PR Axsiitt Gel-Tyr 3 wte,
H,0, 02 pL/mLE 743}3. HRPS| F = 2.63, 3.50, 4.38
units'mLZE A|5E A|Z3I9}h AlZH AlEE5 50 mL conical
tubeol] H37, PBS €9 25 mLE FoFolth THE AIEE
shaking bath(37 °C, 180 rpm)ellA] A& Y3t A7+
ol Wt A8 S 3ete] slo|l=rd AR TR 54
Cisi=g

MNEZ=H 24 84050 vh-E Ssio 7hae A o
ol=mAlo] 7l AAA S wetstr] Sl in vino A
FEAGIIE APt WA, ISO 10993-5 in vitro A E
549 Aol w2 igel smLol slol=2A Tz AR
o] FHA 6.25 cem¥t HEF FH|SK] 72A17K37 °C) Bt
|=N4S FHEATh Al 2= Aol E(NH3TS, 1x10°
cells/mL, SH=AIZT-23)E 96 well platedl] T F, 244]7F
B9 HiFSIATH3T °C, 5% CO,). 96 well platedl] 24A|7F &
QF v FE AlEe] wjgFHe FHjE EEHOE wA ST
E&9 olA F7HE 240 7F FRE v Al EE 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide(MTT,

O

Zan, A|4548 A45, 20213

- ol8]

of

Sigma, USA) §H 02 4A7F F<F HHE-3H3TE Al Al
£ dimethyl sulfoxide(DMSO, Daejung, Korea)Z 83l 3}
microplate readerE ©]-&-3}%] 540 nme| FHE=E =3I
T} A7 Gel-Tyr, HRP @ H,0, 55 A8S A%
st 8EHS ol KB SAAL, k- Alaajedeol 2
A SL 4RAIZF B3 v Al 25 ARS-SRITE

Live/Dead Y¥AE S8t MEYEHNS M. e Azt
gl sfojEgAe] =EH Alxe] BEATS AP flsio
Live/Dead 9215 ©]-8-31th. 35 mm TCPS dishel] Ao
A3 (NIH3T3, 1x10°cells/mL, $H=A| 2F284)E 35-3)27,
AN ZF veFete] AEE AEAIZTE L 9ol sle]l=2A T
23510 mm)E =87 A o= Axet JEFsH st
(k. 2 5, 1, 5Y7F v gste] Al 2AEAFTS AEEITH
(37°C, 5% CO,). Live/Dead €2 2uM calcein AM, 4
uM ethidium homodimer-1 &S ARE-3le] 3057+ FAsH
5, FFAN)E S ARgete] AAE AEE ZH2 515, 635nm
o] FEEE o]&ate] AFSIITE AP HRP #EHE
sto]|=rAd tAaEs Axste] ofw] AzkE AX 9l 2
o] AHAR AEAEES RIS, T A vl
Gl A HAELT T AIZF S v Al EE s}
o X833t

In vivo Z#ERIFHE ¥ =E&X Lot 2 AtedA] A
Z¥ Gel-Tyr sto]=2A4 o] FAAFaxsE B8] $Is)
A 2 male Sprague Dawley(SD) rat(857%, 250~300
g, BALOI)AZ, Korea)s o8t RT3 gRE AE
< APttt sEATEL AENEY sEAEEES

A3l Al 2 SRl ERE FUME: 2017-0131)°
]

b

Tyr stol =248 AR ARSIt A E2 7H
¥ SD rat®] o] 27 2em 9T ] RATALE
wketo] 7}71e] Aol A EE T AR A3 & thxat
Ao BIAFASS Flsislnh. # ddoxe T 14
Bt 2 THA R AANSIE Ao G =
13 (i-Solution Lite, KoreayS ©]-8-3}e] A4 4g =4
ste] AbEstih g A uEA E9) 5 7, 14Yo] A
A1 9] g9 238 AFsFe] hematoxylin-eosin(H&E)
2 Masson's trichrome 941 E5fo] A £ 5213 7
3] g Fu o] AAPARE 45

SHEN. AFHR SATA FoA Frte TR
A E 9o} (KyPlot version 2.0, KyensLab, Inc., Japan)E A}
&ato] BT 7 A= HHeRTUAE A7]E e
™ significance level> parametric Student’s t-test®} one-way
ANOVA(analysis of variance)®] Tukey’s AF&HSHOZE H
HaRdth SAIA ol p<0.059] #oe= A

e > Jo



Gel-Tyre] JHAE. Utz oz yEA A8 318t 7}
WREEEE AARET|9 3 M-S Bate] Alojd 4 2l
ow, NAES] AS2 MR A ste|l=2Ae] &3}
GLXJ E/ﬂ 0 ;p:rd o},_ 7]Ex4 o] _,Jr;d o]l:}. _15‘,__/_,’\_%1:1]] 1‘3_}%%

Foll 7hEe Aetel slo|=2A4S Alxslr] flsiAl= HRP
9} H,0,° ¥k&-37] S8t #7171 SR80 st o] w
2} EDC/NH Fote] Atde] HEfl7E EYdtke
AATHA 7} AaEdch Akl Bajols 7h2Ea 771 2
3}, EDC/NHS ¥Hg-22 7t2547]9} Elgiwle] 12} ofvl
o] M2 FFAFs ofnle|=71E /gt 7HZ‘Z74 s A
Ak u) Aebel | g EAetE FHEA T B(1.54x10°
mol)E AlAtete] Aetde] =94 + = 01&40 gzl
o] 0.168 gy AL, o] ElgpilE Fste] 7
A F TAAZXE FozH 232 FE 9 Gel-Tyr AlEE
AL} AATEAQ] Aejele] 7H3-417]0f Elgirle] #E7]
=doll 2% 7" = 'H NMRS o]&-3le] FRelsla, 7))
HEgoA1e] EDC ¥ NHS®| 37l & J34 /idE
A3 TH(Table 1). 7128 1A e8> At 6.68 2
6.95 ppmollA] kst A= o] 59 AV HEEHIJ o, ol
Qﬂ-‘ﬂ o :[L/H o}.— o].u]L/\]- = _L‘O‘T—E] a E_/\]oﬂ _4
g Ao 7 HAtH(Figure 1). ¥HH, EDC/NHS W32 53}
Ao Elghlo] =¥ A§e] ¢, Az g Elgt

o m M

v ﬂE‘{ﬁ*

HHN

Hz

fol=2d Adu)aA) 613

Table 1. Substitution Rate of Gelatin-tyramine (Gel-Tyr)
Compounds as a Function of EDC and NHS Amounts

Gelatin Tyramine EDC NHS Substitution
© @ @ @ rate (%)
1.0 0.5 0.1 0.025 34
1.0 0.5 0.2 0.050 9.3
1.0 0.5 0.3 0.075 12.1
1.0 0.5 0.4 0.100 159
1.0 0.5 0.5 0.125 229

o] EAYT7} 6.68 2 6.95 ppmollA FEEHA F1E 3
TaS UJERAATE 7AWk Al 7HE EDC 3 NHSS] &
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Figure 1. '"H NMR spectra of (a) the gelatin; (b) gelatin-tyramine (Gel-Tyr) compound.
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Figure 2. Gelation time of Gel-Tyr hydrogels as a function of (a) Gel-Tyr (at HRP 3.50 units/mL, H,O, 0.2 uL/mL); (b) HRP (at Gel-Tyr
3 wt%, H,0O, 0.2 pL/mL); (c¢) H,0O, (at Gel-Tyr 3 wt%, HRP 3.50 units/mL) concentration, respectively.
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Figure 3. Swelling ratio of Gel-Tyr hydrogels as a function of (a) Gel-Tyr (at HRP 3.50 units/mL, H,O, 0.2 pL/mL); (b) HRP (at Gel-Tyr

3 wt%, H,O, 0.2 pL/mL) concentration, respectively.
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Figure 4. Storage modulus of Gel-Tyr hydrogels as a function of (a) Gel-Tyr (at HRP 3.50 units/mL, H,O, 0.2 pL/mL); (b) HRP (at Gel-

Tyr 3 wt%, H,O, 0.2 pL/mL) concentration, respectively.
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Figure 5. Biodegradation of Gel-Tyr hydrogels as a function of
HRP (at Gel-Tyr 3 wt%, H,O, 0.2 pL/mL) concentration.
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