Polym. Korea, Vol. 47, No. 1, pp. 58-63 (2023) ISSN 0379-153X(Print)
https://doi.org/10.7317/pk.2023.47.1.58 ISSN 2234-8077(Online)

Gallic Acid7} Z&t=l 7|EAF Mo| XAt XS &1}

I

A et o stwAl | ez st X)o7, wer A T St AmpE R A o S
s St A w| T FEHE, ek St o) sk}, vk sl | A o] o) g st A
(20221d 9€ 219 FH<r, 20224 108 269 4, 20221d 102 279 A1)

wok . K| RPQA #okot 0 L QI ERR dok ok sdotokokodotokok ok, |

Wound Healing Effect of Gallic Acid-g-Chitosan Gel

Jin Kim***, Jae-Young Je***'” and Chang-Moon Lee**##=###ssiiokstont

*Department of Oral and Maxillofacial Surgery, College of Dentistry, Chosun University, Gwangju 61452, Korea
**[nstitute of Dental Science, Chosun University, Gwangju 61452, Korea
***Division of Smart Healthcare, Pukyong National University, Busan 48513, Korea
***%School of Healthcare and Biomedical Engineering, Chonnam National University, Yeosu 59626, Korea
**kx*Department of Biomedical Engineering, Chonnam National University, Yeosu 59626, Korea
wxxsk*Research Center of Healthcare and Biomedical Engineering, Chonnam National University, Yeosu 59626, Korea

(Received September 21, 2022; Revised October 26, 2022; Accepted October 27, 2022)

ZE: B ARME A5z m 26 A% 34 WES 0183819 gallic acid(GA)E 7] EAH(chitosan)ol] 25
Agtate] A= 5& gallic acid-grafted- chitosan(GAC)S A (gel) FENE AZ3lo] rate] A oM f 52 a3}

£ Frlelith 272 GAS 718 &3 AZ3 plain 71EAHPC) S FYUH AZ819 T GAC AL PC
A3 FABHA =2 FEAA MESAS HolA] AUt GAC A& RAW264.74 X4 lipopolysaccharide(LPS)
)3 F=% nitric oxide(NO)<] AAS TFH o2 A3 ATt U:Gl- AfrotM el AE o)FA H7t A3, GAC
AL pC A HjE] ME o] gyFo T =X AHT Ratd] x]-Al— 2aoA GAC AL A Heo| A4 xy)
Zo] & JFHEF F=315a, PC Aol H3] Hoh wE 4 XF AL Btk 2 A7E 53l GAE H71st
o] Azt 7154 GAC Ao] PC Aol Hlgl] 73 NO A4 A3l A2 o4 X &5 S3to] FdF91e] A
FE SNt 2S & & A wEA, GAC AL 3 A5 9 AEAEH /88 AoE AlsHr)

Abstract: In this study, gallic acid (GA) was conjugated onto chitosan by free radical-mediated covalent binding and the
resultant gallic acid-graffed-chitosan (GAC) was prepared in the form of a gel. Compared to the plain chitosan (PC) gel
prepared without addition of GA, the wound healing effect of the GAC gel was evaluated in a rat wound model. Both
the PC gel and the GAC gel did not show cytotoxicity and the GAC gel effectively inhibited nitric oxide production
induced by lipopolysaccharide in RAW264.7 cells. In addition, the GAC gel stimulated more fibroblast migration than
the PC gel. In wound model of rats, the GAC gel induced the formation of a normal epidermal layer on the wound site
and showed a faster wound healing behavior than the PC gel. These findings suggest that the GAC gel is considered to
be useful as a dressing material for wound healing.

Keywords: chitosan, gallic acid, wound healing, cell migration, nitric oxide release.
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Gallic Acid7} 2% 7184 Ao] 4 2§ 25 59

o] =24 (hydrogely> 32k W 725 7KL 3L A2}
AR Woll thge] 78 3 T e 54 wiEedl 3
HEANZ g Yt slolEgde AEES 58
ML F& EE AT vk A2, FHLEAR] &
B9 (polyvinyl alcohol), Z2]o€ @ (polyethylene), 2|7}
A 2 8= (polycaprolactone)?} HALFEA}Q 7] &4 chitosan),
YA Y| 0] E (alginate), BEF 2 2 (cellulose), Z2H (collagen),
A ebel(gelatin) 5°| st EE2AY AU EANE AHEH AL
ATtF?

7IEqke gad] oe Eese 54 AL gleH
AA A A o] g-sbr] wZel] A A 5§
=Y, F&EA|, FdgA Foll de] &EE k. A
FU AlSE 22 R AEREE FEbe] de 7"
(chitin, f-1,4-2-acetamide-2-deoxy-D-glucose)S EolH €3}
(deacetylation)s}o] 7| EAMS A3t} HZ 7184k FAL
& (main chain)ol| gallic acid, caffeic acid, ferulic acid<}
salicylic acid 53 72 Z2]3= (polyphenol)S A3}ste] &
Absl of A BIE SN oA 2E, oorE # 3t
E Hololl 9] 383t A" Gallic acide] L=
7], A E et IS EE3 A7t sl X
3L 3tk dlE £9, da Rosa 52 kst 498 717
913l gallic acid7} $Hr¥ 71EARS A7Z8 ] &&31%
3 gallic acid’} $HrE 7161 Slo|=2A4S o]8-3te] A %]
fr 23 4 A9 & ATFAFHE BAETE 71 EAM
gallic acidE 3}e8 02 ZAgtsto] AFg A= Bo] Bl
=3 glon} sfo|erA AuEA S Tes FATI7] H
3l 7|EAbl gallic acids =sHe A7 BAlER] 43
oh 45 wgba] | B Ao E 71EA gallic acidS 38
o7 FHAFsIAL slo|=RA HE FEE Axst] AT
A, AlEe] o]FAF Bl (rat) A RdollM A Xf &=
H73FA cH(Figure 1).
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Figure 1. Schematic illustration for evaluating wound healing effect
of gallic acid-graffed-chitosan (GAC) gel in wound model of rats.

T Egfo] Z(M -, =)ol YT} Gallic acid, Folin-
Ciocalteu’s A1 F 2 ascorbic acid: Sigma Chemical jit:(St.
Louis, MO, USA)IA 43Tt 2 9] Yw=] Ajeke 4
BE 57 MRS A8

Gallic Acid-grafted-Chitosan(GAC) MZ. GACE AlZ=
ARl Bargh Wbl wt At =, 0.5¢ 7]
BEARS 2% oHIEA gl 50 mLol] $3] 521 TR 0.054 g
9] ascorbic acid’} £3E9] A+ 1.0 M H,0, €9 1 mLE
A7vste] 302 & Ad=olA WA Gallic acidE 7]
EZE 2710 11 EER 7K 5 2407 FF RESAIT
e F299H(1000 Da)yS ARE-8te] WHS-31A] 242 gallic acid
= 25 AASIATE. Gallic acids H7BH] ¥+ tiE(plain
chitosan, PC)= gt JAH o= A x5t}

GAC2| & #ol. A|=3F PC 2 GACE 'H NMR(400
MHz, JNM ECZ-400, JEOL, Tokyo, Japan), Fourier-transform
infrared(FTIR, JASCO Inc. Tokyo, Japan), UV-VIS(Multiskan™
GO UV-Vis microplate spectrometer, Thermo Scientific,
Waltham, MA, USA)E ©]§-3to] #4331t}

GAC ® M|=. AlZ3 GACE 7|Wte= 3 =¥y A9
Azxe 71 Aol AHE HHS Hdst Az
GAC(100 mg), A carbopol 934%(0.2 g), 254 propylene
glycol(0.2 g), ethanol(5 mL)3 pH ZZAA| triethanolamine
(200 pLyS SFol S3lst & TS 100 mLE 2 &
TRAGe]AE o]&ste] FEd] EFAIA =x7} 7Fs3 B
Aol AL Az

MESMEIL A2 GAC A2 A X542 MTT assay
£ o]g3ale] HrLsIATE MTT assays 53038171 SJall GAC
Aol g&AS A9 GAC A 100 mge 10 mL
DMEMe]| & 3 37°ColA 24417F 9 853 8918 4
ol ARgadth AA; Al EQ RAW264.7 Al E(Korea Cell
Line Bank, KCLB, No. 40071, 1x10° cellwl)E 96 well
platedl] -3} 2441 7F B2t wj &Sk 5 wiA & A AT
GAC A9 §==5 viAleh =3tsled 100, 250, 500, Z2]5L
1000 pg/mLe] FEE B 200 pL? wellol ¥olA] 48
AIZE vFsISiTE. v s & viRIS A ASIAL 242 well
o 5 uL MTT-2¥(5 mgmL in PBS)S 37}t Th. 4417+
Wl T 100 uL DMSOE % 713} microplate reader
(ELX800, Biotek Instruments, VT, USA)E ©]-&3}4] 570
mmellA FFES 45t AEASES H7sI

UE &4 Kol "It GAC Aol £&90°] A NO A
& Alishs &7 A B7keH] 218 RAW264.7 Al
E(5x10* cell/well)Z 96 well plated]] #3132 12A17F v
St GAC A9 =5 wixlek E8sled 100, 250, 500,
223 1000 pg/mLe] FEE BHE 200 pL/wells A7t
BTk w9 147F F LPS(1 pg/mL)E 7} wello] #H7}sted
2477k &< v eFskaATh. wiA] 8] SN (100 pLye H7 5
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59| Griess reagent(100 pL)E go] o] 200 pL ==
& AL AF2oA] 1027 WHEAIZ T RAW264.7 A 327t
AAE= NO2 2 microplate readerS ©]-8-31] 540 nm
N FEEE 745t Hrtekdnh.

M= 0|34 "It GAC Ao] AIE o5 A= J&FS
H7¥sl] f18l MEE HSo 2 wlYet & scratchs 71) ®1
SR THEAL GAC 4298 AEslo] Mxe 54 #a
3+ th NIH 3T3 4 f-oFA| X (fibroblast, 5x10* cell/well)S
48 well plated] -3} 5% CO, #l7100A 244 7F w4
skt A" Al @l 200 pL pipet tipS- 2 scratchS
7¥8l W1 ¥ RHEAL §EES 200 uLE AEg & 244

24 2 olFs HEE VAL o]&a
Hl 7] 14 AS At thzatd) v aLakiTh,

SEAE. 2 AFolA AN FEAES 2 g
SEAY SE9193] ARERl o)F AAF ARAA =
Adjgtwe] FF A wet 5kt SD rat
(Female, 300-350 gy 24A17F BRF HAAAZL, S 72
&7] Y8l e HES 12 VLR T8l 2854} 8t
Atk S golsla A7IAR 2 ratd] 5 9] 28 A
ATt 5 9l 10% povidine-iodine} 70% ol E+-2-S
74zt ¥ sle] 253 9 7RAR 22 2 emx2 cm@] 7]
2 958 233 AF AL e Lok AeAd
T APR9lel AEd 2E, PO7E SR AS AR
et 2, GAC AL F/F9lell A= 25o= vro]
WA a3E Freidh B3R 9ol ¥ 3M H|
71 (Tegaderm®, 3M Healthcare, USA)E B3 1 9] &
¥l = (Coban®, 3M Healthcare, USA)Z 22| ¢loll x]4o] ¢l
S5 o). AR 5] & 3ge wash] fls) 3
A 9 AFREE 3, 7, 14, 2199 digital camera
(CAMEDIATM, Olympus Co., Tokyo, Japan)s ©]-8&3} 4
M DA A HFste] A wiskE ALkt A3
Al A xZ el 7] 915+ Imagel(NIH, USA) Z =13
S g3t Pde] Mg vl

EAXME]. A= HFLETUANZ 7|3, BA
2 242 Student’s t-test® FEEATE SAF oS
p<0.059] o= A3k

=
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GAC M 4. GACY Alxe= & d7gdA Hash v
ol wa}l A %3 the- 'H NMR, FTIR, UV-VISZ ©]-&3}]
I A ARE o)d w=itol] HASITE Y o] m=ellA]
B8 'TH NMR 23, GACOIM = PCS} Hlawsle] 7.04 ppm
oA A2 vA7F FEEJEH o] AL gallic acide] WEk
= o] of3 Ao|a ymA] 9352 PCo vRIHAIE A
FAHQ 71EAF FA= SR1EATE FTIR E4 X gallic

Zan, A)4748 A 15, 20233

ol

acid®] Ago 2 Q13 Q2L C=0 SFM=7} PCY amide
17 Fg F2ollA] HAA YERSTE UV-VIS 28 Ef o
e PC 7% 2000014 500 nm7HA] o3 E54= W A%
LFERA] gkoL} gallic acide 208 2 258 nmollA] 54 3
A7} HFEAN S GACY] 73-9-oll= 258 nm =7} 265 nm
2 olsH AL FRIF F AAEH o]AL gallic acid’} PC
of FFAF &g A= SRIET GACH A gallic
acid?] S Z4S A3 111 mg gallic acid/g GACE =
A=At

GAC HMo| MZESAM I} GAC Ao ATEAS H7}
7] 98l A FF3 |- 71F(1S0 10993)] AlgHbio g
7}8Ath. GAC A9o] 8555 RAW264.7 A9l A &5l
Alaze] BEES MTT A OE RAfel] 54 o758 &
18kt Figure 20014 & 4 91%°], GAC A 500 pg/mL
o] 255 Y3t & RAW264.7 Al EE 90.2+1.7%2] A
EES HIY, 1000 ugmLe] EEES AL
81.2+52%2] AEE&S HATh whHe PC A 500 pg/mLe]
LE5S 223 § RAW264.75 89.741.7%2] AESS W
3L 1000 pg/mLe] &EES AAS o 80.7+4.8%2] A
=85 Bt PC A3} GAC A9 552 RE Ay &
TollA AZAYEZES 80% oS Ho F A5 A v&
N AzE54E YeplA] @=thal S ATt Gallic acid
o} 71 B4k Al EAM A4S Holx| ghetiy 2 d#A Q)
T} 120 2o Kaparekar 5-2 gallic acid’} $HE 71E4F U
=R AlzskaL A 910l A&ste] A58 HE kst
Ath? Kaparekar 52 A-7ollA & 4 9l5o] gallic acidE
Sh-8F 71 EAF Y=d A= 5520 mg/L)olA] NIH3T3A
Fol|M FA& HolA] BTt

Nitric Oxide 44 Xali S} &A= lipopolysaccharide
(LPS)°l === reactive oxygen species(ROS)L} nitric
oxide(NO)9} 72 H% #d B2 AL o5 F3lo] W
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Figure 2. Cell viability of RAW264.7 cells treated with the extracts
of PC gel or GAC gel at various concentrations.
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Figure 3. Inhibition effects of PC gel or GAC gel on LPS-induced
NO production in RAW264.7 cells. *p<0.01, **p<0.05

GAC A9 8FES A3 & NO9 S SA 3t
Figure 3914 & &= 915o] LPSYHS A2 3laL 244]7F Fo]
NO2] A7 400 pg/mL ©]/de|ATt. vhde] PC A 100,
250, 500 pg/mLe] =52 A2staL LPSES 2|3 Ao
A] NO®| AAERe 717} 240.1+18.4, 206.9+14.5, 210.4+26.9
ng/mLolATh T 552 GAC & 8555 223l LPS
S A g Axer No<9 AAAHFE 77t 207380,
115.7£8.0, 77.9£2.6 ug/mLe]Sith PC A3}k GAC Ao &5
ELS 2% NO9 AHS v &80 2 Aeshes a3
B3 53], GAC A9 §&E2 Hr} 3741 NO A4
Asll A= BAth Gallic acide A HA=A aksiA o)
w 23E, ooE 9 s g ARSE A kP Z2]9)
B2 o= ohefst AAESH 48 7R ATk &
HA dom, E3] FHZoe s E FES v Qluh
MZE 0|5y "7} Az o] A TAle 24 A
FE g AF 23] Bl d4F otk GAC 9] &
ZEo| MES] ofol PX= P2 AuE7] 91@ NIH 3T3
Ao EE Sl gsial scratchs 718l Rl 37k WHEAL
Ao] 8ZES sl A9 o 5/4d-S Bkt Figure
4ollM & F d%ol, oFFAE X2]SHA] 282 control A3EQ]
scratch 7F4ol] vls] PC o] 852 2|3t AlE9] scratch
Mol Fokl A& & 4 3Uth 53], GAC A9 §EES
A2let M|AEQ] scratch 7o) 7 FoHAL, 24817 Foll=
EE9] scratch 7HH 0] A= AL & 5 AT 71E
Are- Ak A6 g Foll AL oI AfAES XA
Tkl A Aok? o] e Zx7] 4 Sl a3t
Aok LA Ak Gallic acide BHAARS 7RE-al s A
dE 5 A FAdo] Hom 953t gRlsl gukE HIlthY
wEhA], 7| B4R gallic acid®] 5§48 &8 & o GAC=
A EL o]FS =AY Z34= Yeitky Aztdc),
FHXFS2 "It Rate] 2 919l PC A2 GAC A

Figure 4. Photographs of NIH 3T3 cells for migration on scratch
site under treatments of the extracts of PC gel or GAC gel.
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Figure 5. (a) Photographs; (b) wound area of wound site in rats
treated with control (sterile gauze), PC gel, and GAC gel. *p<0.01,
**p<0.05
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Figure 6. Histopathological photographs of wound tissue stained
with H&E method of control, PC gel, and GAC gel at 21 days after
wound preparation (magnification, 400x).
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