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Abstract The g-polylysine (EPL) antibacterial peptide was grafted onto gelatin to synthesize EPL-modified gelatin
(GEL-E) , afterwards, a multifunctional hydrogel, GEL-E/CMC/OCS hydrogel, with injectable, self-healing and
antibacterial properties was prepared using GEL-E, carboxymethyl chitosan(CMC) and chondroitin oxysulfate (OCS).
The experimental results showed that the hydrogel prepared has high energy storage modulus, elastic deformation,
self-healing, injectable and antibacterial properties. Dipotassium glycyrrhizinate (DG) was loaded into hydrogel
which endowed the hydrogel with anti-inflammatory properties and wound healing ability. The results showed that
the drug release rate could reach 100%. Meanwhile, the cell compatibility and the ability of promoting cell migration
were evaluated, the results showed that the hydrogels presented very low cytotoxicity and could promote cell

migration. All the above results indicated that the GEL-E/CMC/OCS hydrogel has good mechanical properties,
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biocompatibility and ability to promote cell migration, and has broad application prospects in the field of promoting

wound healing.

Keywords Multifunctional hydrogel; Polylysine; Antimicrobial peptide; Wound dressing
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1.2 X

121 GEL-E 8y %  7E40 CT, #0. 3 g WA T 20 mLK 5 1) FARBI R R INA 0. 36 g EDC
F10.42 g NHS, SR 1 hy B85 1) b3 SOOI 2 mL &R 5 mg/mL (1 EPL YR ; IR A1 R AE
40 “CF RS EFEIIN 24 by 155 B PR B 4K F B HTAS (MW CO=8000~14000) 47 3 d, ¥ T4
24 h, 55| GEL-E.

122 OCS#y#l %  ZMRICHR[20] )5 64 OCS. TEZ I MBIE &AM T, 17 10 mLARRCE R (5%, 5
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123 KERME & TEEWAMT, 76 PBS(0. 1 mol/L, pH=7.4) 5 sl Wk vh 43 B C ) CMC %
Wi (6%, Bt r %) . GEL-E W (10%, JE 500 M OCS W (10%, B0 %0, #5 0.5 mL CMC ¥
BMAO0. 5 mL GEL-EZ W, BRI S EFIA 0. 5 mL OCS W, 24930 s J5 1A GEL-E/CMC/OCS 7K
BEIE . Zth, B OCS AWM A ZE CMCIEW R, 53] CMC/OCS /KEERL . CMC BN A GEL-E/DG i
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OCS/KEERE B AR 1E
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205 K 200 L AR IZT 20 LB TR VRO £ 800 L TG TR PBS 2% thf Ho 4 SR B X BEZH 5 K% 200 ol el 21
HH LA PR M AR 800 L 0. 2% Triton X-100 HHE R BHPEXTRRZE . F37 CHILWEF 3 h, i A LA %
I3 I 5E AU, #F 1000 r/min A5G T 2500 10 min, £&41H0 100 wL F35RE T 96 Uik, FAEHRIAE
540 nm AN ERE (AE . IFIMR(HR, %)3% N 20153
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A3 B PBS 2% th i ORI AS 5 A 4 I () DMEM 58 4= 15 972 5, A PBS A A F 41, H e L&A
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Fig.1 FTIR spectra of chondroitin sulfate(a), OCS(d), gelatin(c),
GEL-E(d) and GEL-E/CMC/OCS hydrogel(e)
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—

Self-healing

Fig.2 Images showing the formation(A), adhesiveness(B), self-healing process(C) and injectability(D) of
GEL-E/CMC/OCS hydrogel
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JoF AT DR 55 7 Bk R 2SS E R LAk 2 >, DT = A= e B[ 1 2(B) 1.
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TR A2 [T 7K R R AR B B i, T2 3 i B 30 min )5, PSR K BRI S B @A K E A with
HEDE , BT Je K BERE , 768 JIE R T OKEER WA 2 R, FB GEL-E/CMC/OCS /K EEE B AT
RAF0) A @A TERE . B T ORXKEBER (SRR HEA T TPFH . I 2(D) AT I, GEL-E/CMC/OCS 7K #E
I RE S DFLAR R 1 mL AR 5 25 10 Sk b 2 HOR W 4 b % 1, 3k 3¢ BHZOK B e LA R4 19 v e 2
PERE.

& 3 7% H CMC/OCS Fl GEL-E/CMC/OCS K BEIE Y SEM B8 |-, o] 0L, T )5 K B S B0 2 1L
¥y, BFROKEREIES A XS . T GEL-E/CMC/OCS /K EERE [ 18 3(B) ] HA WACEE M 4%, P s
i EE CMC/OCS K EERE LK 3(A) J /NI FLAR

100 pm
I

Fig. 3 SEM images of CMC/OCS hydrogel(A) and GEL-E/CMC/OCS hydrogel(B)

22 KRR R

TEZE W A G2 Reml B, RS2, LLCMC/OCS KEEREAE %t IR, % GEL-E/CMC/OCS 7K
B B @A TERESE T TR A 4(A) T IL, ZERASFIHIIRH, SN AS T S 4009% B, 7K EE
) i REAR e (G7) S ARSI (G7) A A, U A PR K P A ik B o A I I AR, Ak [ =22 ) AR 2
MR AF K FEET 400% 2 )5 , IKEERE 2R 5 IR . BRIIL, 38 3 /KB A AR 1 R ARSI A e 11
HE G VERERT, WS ZAFA N A E N 1%~400%[ B 4(B) | 7E 1% MINAE T, KEER G KT 6", 3
A ML 7K B i A S B e [ A, 25 A 5247 5 YR T2 400% B, IKBERC Y G /NT G, LA K BEIE
FIZE P E 29 58 IR MR AR FRR IR &R % 1% I, AKBEIS ) G R G REREIR E ERIUG 1, H 6 KT
G", FWKERMEEMC L A BAWKE EVIEIRE . KEEIRIEZ 3NN ARG, 6 G {Thhe
VKA B WA, FPHKEERS EAT P | Foow HLm i FARRE T . 20U B A A 45 S R AR IR 2 A T 34IE
B GEL-E/CMC/OCS /K BEH HATIL T 1 H AL A RE D)

R T Ay K EE S B IR AS PR RE , 7E I S W AR TR X GEL-E/CMC/OCS 7K &E 1 Fll CMC/OCS 7K 5
JEAE 0. 1~100 rad/s Fi £ 38 2 6 Bl N 2EF 74948, I 5%E GEL-E/CMC/OCS /K EE i A1l CMC/OCS /K BEIE 7R
RN (A AR R EE AR AR [ B 4(C) ], B5 R EH], GEL-E/CMC/OCS 7K % it #1 CMC/OCS 7K B e 1)
G' YT 67, FWIAKBE R BB K . I H GEL-E (89 i A /K % B 1Y 67 A 67 38 Kk, 1 W
GEL-E/CMC/OCS /K& 1 A PEREYS 5% . X & iH T GEL-E F1 CMC (&L #85 OCS IR 4 5T % T
Mz, TR R 1 A RE I 25 . i B D s A5 SR [ 8 4(D) [T LUE ), GEL-E/CMC/OCS
IKEEIEFN CMC/OCS 7K B 52 110 268 5 I 25 B D113 236 1 348 Jonn v BH S R0 . 0K TR 52 1 B 78 (94 /K B e 1) B9 D)
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Fig. 4 Rheological behavior of hydrogels

(A) Storage modulus of hydrogels under stress scanning; (B) storage modulus(n=3) of hydrogel during destructive shear (strain

increase from 1% 1o 400%) and recovery (1% strain) ; (C, D) storage modulus (C) and shear viscosity (D) of hydrogel under

oscillatory frequency scanning.
A7 h .
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Fig.5 Standard curve of DG(A) and cumulative release rate curve of DG from GEL-E/CMC/OCS/DG hydrogel(B)

1% DG # A GEL-E/CMC/OCS /K BEIZ 5 , #5 %25 ) GEL-E/CMC/OCS/DG /K BT BAL BT AR, i
BRSO FEFRBE (pH=7. 4 19 PBS ZE 0L, 37 °C) , FEHE A iF A1 HURE I 0 5 48 Ah-7T VLI { . ARkl
T8 SR AN AELRS REAR T i B R 2 i o, FRRRCZY i o 5 2 o 19 P AT 3 SR PURE
2y AR AR ARAR , RBURZG 3 N PR i ST 25 R 4L .l S(B) R UL, DG AEO~1 h N
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HHBEHL, 76 1~4 h IWBHGE RI8LE , FEIR 5] 4 h 2 J5 BEiCH R 0 B k2% , BRUBICZY ) 5% i 1A 5
A1 . GEL-E/CMC/OCS/DG /K EEE 2 PRI 22 B4 T 0
24 KERBTE R

S. aureus f&= 1 2% [ PHPEBR TR, 38 H B A A0 1T R i . Y5 TGE S, aureus
J&, eI A MY . S T VR K BERS (BT PERE , SRR AT AR AT T HUR I, SER A
WILIE 6. 25 I IR B M K T KR4 5 CMC/OCS 2H A9 EIE FA b A TR v Rl e/, et
BE T RE R A T B L Bk B i 3L ; GEL-E/CMC/OCS /KBB4 F1 GEL-E/CMC/OCS/DG 7K
FE ZH R B A P BT P I S, 3k R P T KRR A HR A T B R EPL BERE VR FH T 20 B 4N A
W SR AN MR () S22, RN N AR SRR e G, DI KA 2. DL B 45 R3], GEL-E/CMC/OCS 7K
BEIE AN GEL-E/CMC/OCS/DG /K BEig HAT RAF P PERE .
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Fig. 6 Images of S. aureus colony formation after treatment with different hydrogels(A) and
quantization results(B)

(B) a. Control; b. CMC/OCS hydrogel; ¢c. GEI-E/CMC/OCS hydrogel; d. GEI-E/CMC/OCS/DG hydrogel.

2.5 KERREMEEYE

AR A5 TVBORME R A kL, b2 B RAFRAE A2 PE . IR 7 AT L, CMC/OCS /K B
GEL-E/CMC/OCS 7K &EZ Fll GEL-E/CMC/OCS/DG 7K BEIE B 1L 56350 /NTF 2%, b7 Hh e B I IR AR 254k
P P A R Rt SR K BERS S PBS 4R, VRV, WA R B R A B, i PR

Xt BB ZH TritonX-100 M7 A5 B S v 1, HL 7 L% 50 3k 100%. Db S 4% 5 26 BH il 45 1 K Bt i ELA LA
A IV AR 254

A0 AR 2 TR AR A AR A ) R 2 — . DA L929 /)N BUSCET kA e/ A AR i ok
MTT 35 FE AU B G i B AT T K EER B A e . RIS /R T MTT L SE 25 2L . CMC/OCS 7K &
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Fig.7 Hemocompatibility evaluation of different hydrogels Fig. 8 Cytocompatibility evaluation of different
a. PBS; b. CMC/OCS hydrogel; c. GEI-E/CMC/OCS hydrogel; d. GEI-E/ hydrogels
CMC/OCS/DG hydrogel; e. TritonX-100.
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Fig. 9 Photographs showing the cell migration of 1.929 at different times(A) and
quantitative results(B)
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