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Abstract: Recombinant collagen hydrogels are ideal materials for promoting wound healing but currently
suffer from weak mechanical strength and single functionality, which limit their practical applications. A
multifunctional hydrogel with a multi-network structure polymethylacrylamide-acrylic acid/tannic acid/
recombinant collagen (MA-AAC/TA/COL) is prepared using in-situ polymerization. The main raw
materials include recombinant collagen, tannic acid , methylacrylamide, and acrylic acid. The microstructure,
mechanical properties, swelling performance, adhesive property, self-healing ability, antioxidant activity,
antibacterial performance, and biocompatibility of hydrogels with different components are explored. The
results show that the multi-network structure design effectively enhances the mechanical properties of the
hydrogel. Its maximum tensile strain reaches (250.2+2.7) % and maximum tensile stress is (130+3) kPa.
It can withstand 80% compressive deformation without breaking and the maximum compressive strength is
(4.2340.18) MPa. The hydrogel exhibits certain pH sensitivity with different swelling rates under various
pH conditions. It has a maximum adhesive strength of (36.27+5.03) kPa on pig skin, a self-healing rate of
67.7% and an in-vitro antioxidant rate of (80.22£0.9) %. It shows good antibacterial effects against E.coli
and S.aureus with an antibacterial rate close to 99.99%. Additionally, the hydrogel has low cytotoxicity
with a cell survival rate greater than 80%. The MA-AAC/TA/COL hydrogel is expected to serve as a
multifunctional wound dressing and find application in the field of wound treatment.
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Table 1  Compositions of various hydrogels

Sample MA/mg AAC/mg TA/mg COL/mg MBAA/mg 12959 mass/mg  H,O/mL
MA-AAC 100 900 0 0 3 20 2
MA-AAC/TA/COL-0 100 900 3 0 3 20 2
MA-AAC/TA/COL-1 100 900 3 10 3 20 2
MA-AAC/TA/COL-2 100 900 3 30 3 20 2
MA-AAC/TA/COL-3 100 900 3 50 3 20 2
MA-AAC/TA/COL-4 100 900 3 70 3 20 2
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5 mL ¥ 1X10° CFU-mL ™~ 19 B W 2k 85 35 . B
20 pL FE 5% 5 BORG RS 10745, M 50 oL 6 B S5 B8 T
TRATEA . B ARCE T R T SR 18 h, MR 45
e ERY RS B IR SYCEAR .

FH DPPH [ H 3 Bk 1 75 58 K B e i) M4 St 4R
fEBE T o B 50 mg AN [R) 41 43 14 7K B8 I 43 F7E 2 mLL Y
e B A 8 mL 100 mmol- L~ DPPH H BE Ak ,
5 H U B 30 min J5 HEA T AN, 18 5% 515 nm Ak B
JeE . AN 2 mL HEENA 8 mL 100 mmol - L' )
DPPH H B W . B FE AT 3. DPPH ¥
FRAR (SR N (6) i«



68 BT R

2026 4= 6 H

Sp=(A,—A)/A;x100% (6)
i A, DPPH % -5 7K BE R RE & & 30 min J5 7£
515 nm Ak 1Y WO BE 5 Ao i 25 FREAE 515 nm &b Y )
e
BEHE/IN BB ZT 2 40 L (NTH/3T3) VE Ay 40 g A
T o 200 5 7K 1 4 TR 5 3R 1 SO PEAG UK
WM 0 A W 2e 4k Rl g CCK-8 3R 7] & | iF M K
BERC ML EEE . B %, K NIH/3T3 ¥ T DMEM 85
FRIE(H10% BRZE MAE AN 1% B B E -4 ) P
I o WSCHEXTHICH A K 04 A0 B2 R 1 96 FLAR (4R it Ky
50004/ £L) , B T 37 °C, 5% CO, B4 1s 346
W BE B 37 24 o [RIA K 2050 K TR 5 1 7K B JE A LR
W F DMEM 85 35 35 (8 10% JIG 4= 103 1 1% 195 %
F-EER )P, 24 hF B, 1 0.22 pom 20 B8 1 g 24t
UE AR BDKEE IR I . FRAN LA IR E 80% Je
FEEIHBREFREE, N A 100 pl. 7K 5 e 12 12 i 1% 55
24 ho ), I FOKEERIR PR, H PBS T U 40 , 3k
e A 100 pLL 10% B CCK-8 A WM & 1 h g , #
96 fL AR B T AR, I 2 HAE 450 nm i K Ak 1O
BB TATINE 3R LA TS 2 (Cs) IR
KD PR
Cs=(A.—A)/(A.—A,) X100% (7)
o ALK KB IR B AL HR L IR s A R 2
KR I I5 AL S A R 5 Al 100 CCK-8 VA
MW

2 HR59MH

2.1 MA-AAC/TA/COL KRR H & 54

MA-AAC/TA/COL 7K #E it 2% FH faj 5. 0 — 54 15
il £ < B B R AN N, N'- 0 H 366 0PN M B i v T 25
BT K AR B L DY o e N A TR R EE 4 i
JREE H S A G, INAOEE] & 12959 1R A 35 2)
5 B 100 SR 5 K SR R A R U AR LM AR L
2 AT B B 20 min, B A] il £ MA-AAC/TA/COL
IKBE L

Kl 1% MA-AAC . MA-AAC/TA/COL-0, MA-
AAC/TA/COL-1 4Rl . X FMA-AAC/TA/
COL-0 1 MA-AAC/TA/COL-1 7K ¥ f& , 7£ 1600,
1546 cm ™ '"Ab BT A PP AR A HRAE I e, 3 Fhk
BECAE 3045~2834 cm A R P4 HH BRI LAY o AH A
T MA-AAC K EERE , MA-AAC/TA/COL-0 F1 MA-
AAC/TA/COL-1 /K BE I e Ab 5 i s A2 5, - 5L
S3FE 2977 .2965 cm Ak H BT IR 2R IR T —OH 1Y
FEAE WU . 5 MA-AAC/TA/COL-0 7K $E i b ¢,

MA-AAC/TA/COL-1
1o
I

20657 |
MA-AACITA/COL-0 1546
I

(I
[} I
MA-AAC T \
- 2018 | 1600
1
1

Transmittance

1
1
1
3045 2834

4000 3500 3000 2500 2000 1500 1000
Wavenumber/cm-'

E1 MA-AAC/TA/COLKEKI FT-IREE
Fig.1 FT-IR spectra of MA-AAC/TA/COL hydrogels
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2 MA-AAC(a) MA-AAC/TA/CLO-0(b) MA-AAC/TA/COL-3(c)SEM
Fig.2 SEM images of MA-AAC(a),MA-AAC/TA/CLO-0(b),and MA-AAC/TA/COL-3(c)
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Fig.5 Photograph of MA-AAC/TA/COL-3 hydrogel incision, one stained with Rhodamine B(a) ,photograph of self-healing hydrogels(b),
and compressive stress-strain curves of MA-AAC/TA/COL-3(c)
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