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Abstract: Currently, bacterial infections and antibiotic resistance have become a global public health cri-
sis. Traditional antibacterial substances have the drawback of cytotoxicity. However, the three - dimen-
sional porous structure of hydrogels, combined with the intrinsic antibacterial properties and renewability
of lignin, makes lignin-based antibacterial hydrogels a frontier field in novel antimicrobial materials. This

paper systematically reviews the construction strategies and mechanisms of action for lignin-based antimi-
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crobial hydrogels. First, lignin’s unique three-dimensional network structure and abundant active groups
endow the hydrogels with multiple functions, including antioxidant properties, UV shielding, and intrinsic
antimicrobial activity. Second, diverse preparation methods, including chemical crosslinking via radical
polymerization and physical crosslinking driven by hydrogen bonds, enable precise tuning of hydrogel
properties. In terms of antimicrobial mechanisms, these hydrogels achieve efficient pathogen clearance
through multiple pathways: direct disruption of bacterial cell membranes, induction of reactive oxygen
species (ROS) generation, synergistic release of metal ions, and integration of photothermal/photodynamic
effects. As advanced wound dressings, these hydrogels inhibit infectionwhile maintaining a moist healing
environment and actively modulating inflammatory responses to accelerate tissue repair. Current research
challenges include optimizing advanced fabrication techniques, elucidating the coupling mechanisms of
multiple antimicrobial actions, clarifying long - term in vivo metabolic behavior, and achieving break-
throughs in large-scale production technologies. Future efforts should focus on deepening exploration in

these areas and expanding their application scenarios.

2026 £ 181

Key words: lignin-based; hydrogel; cross-linking; antimicrobial mechanism

20 P SR e 5 IR B A I R B A2
R B . AR S AR U R, B4R
29 1300 J7 A\ TH I 20 TR JER g g fa R XU . A
1928 4F- H B R W & BLLISK , Pk A A0 ei L 19 3R
Y7 7 I R FERE AN S A o Bl A R 2
AR A RN FE T A 22 i i 1 58 35 , A0 TR A
AR ) B E L SR, A 2
B, (7575 55 2% R R A0 PG PR S AL e bt AR 20T i 24 7
PR AIIE 7RO R T [, T 25 58 51 & ARG EL A
SRR LT AL R X H 25 7™ 08 1) it 24 9% Ji
P, BERIF B3 22 8 BT B R R R AT A S F
8. RIFEE S S B T A SR B A R Ar
TR PR HIX 29 T ok ke = e e, e 4
T A W B TRL R 38 2 o A ft o 40 s 4 43
XA B ] 1 AR PR 2 2 A0 iy S B i

FEAS RN TF R 1A W B 2Rk b, KB I 2 e
FFRAMER A YA 3D Z AL M4 S5H4 , 7T LA ISR
PR K a3 o KB IS RT 43 kg Ak 2 7K B e A g
IKEERE , /T4 H T A 32 106 i 2 A B AR PR F o
BE J5 & WK T4 F A 98 Rk 9Ty, ez KRR
SEPES S SRR R A YA B AWl R
I 20 B 75 1, 7K 5 s ke e 22 b 1 FH 1 A= ) B 2
FIGL P SRR, AR P 2 3 2o B 9875 308 19 PRI A S8 B
R E WA . TP KSR B A 2R AW hhE
B )3z 3 WP, T DAV it A 22 A AR T A
BYSRYT , L2 BRI B )12 e

AR B WS RGE T % R B ER M PR K EE
JE, I 7 AR e e T S o R 2 AR
HE ZFENRAETTREMOE AR 4ER
15%~30%) , B A7 = 4EWRZ5 40, B & B 2
FRHE OUUBHE A TR VR RE AT, AT TR K B A s T 4
Bt TR, R AR BRI AR L SRS
MPERESE o AR, Tl A BT 28 AR A il 1 404 7l 1Y
FERY, B MBS AR

BEXTH 25 ™ H AP AE R 25 AL, LT
A CE T T R A R R S5 2R R SRR B TR K B
AR RIRBUATE EW A YR AT T, o
RAL G A= 23097 40 T IR G P iR 0 FRAE A 8
ARSCERIR T ARG 2R FEHT A K BE R TR RS, DL
e Bl A 5T 28 A AR e 2R A 0 0 L SRR B TR
IKEERE T & St 2%,

1 KEEREQEGR

A0 A 0y T v R A R 2T 4 R R b Bk i E
B ] AR BRI 22—, ) IZAFE TR RAEYIFSFF
VR SR GE IR T o AR T 2 S A A A 2 T ) G
Wy, G YR LR 2 R IR R T 2R 4 R
Y, AR AR R TP o LI 2090~30% . HUAR P 2
5000 J7 I, 2 [ 4R S HP it e die K O A R AR
VR, HLAT S TR LT 4 R E 40 3905 40 B I R AR 72
A= W e FR BTN 1 17

A2 — P B B B TC B T A K

11



2026 18l HER ST H

T, O B R BUR T A A B OCHERT 4R . 1945 T
RIRBIBURETE JaALE S IRRCE ST, LA S R4
AR A AR PR AT i e, AR 53R ] T ol Ak
RIS IR 24 ) AR A% St 5 22 P D REAS ), A
T AR T S A Wy B 24 25 AT R I T e R T
S TR I AR A JRURBRAL B B op, KB T
W R IR E R, B R R KT
TR T W L Z M7 B E Y , TR
YR —[FHE AR, A RZAE NIRRT, &
BOLE B IMERBER BIAROR o NI, I AEY) 5
R R M AR BBOR 23 AR 3R, 2 S B L U
A v (AR R 0 A T AR A i
PR R R 7> B R R IR TR SR
[E] P i P B B AR TSR 5~ 2 4 2K 2 ] ) Al o i
SCHL. B SCHRAGE T B R R i A T
R AR ER % (R EBRRRER 1% A LR FIE (R
W ARILIEE AL S . AR BRSO 41
PRBR R AN 1R
R1 AREERWFTEREMGRS

Kk i B ot
H H ik
W PR R R
CE) ATEMO0T k.S
TR RS ARATCRTER ()
P TR R LA T
EERIIRGESHIFES A 5 5 WA [12]
LR GH ARCERENS,
i3 RN S PN K R [13]
% {
T AN OMELLTE ey D S TP
e

ANPES SR/ 7/ )P S JibbE g SER 7/
DA AL (H) B BIARZE(G) R T A2 (S) =Fh
R TN B B T A B A 2% S R, T T R S A

R, H KRR DU DU A AL S 52 51 B il 2
AEN T Tl b 32 B A R Hh vk DA R MR
WK ZR , (H 325 e 2 %) 25 40 3t Jl ™ B TR 5 5
4 BRI BILVE AR RV o 70 0 ] o o v 4 v
FCSEAGPE AR R Z , el T AR REA R (e i
IKEEIE) (BEVRFNAL 7 ity U T

AR F A R IR TT i 0 1, Hoas KR
B DU SRR ELE S i PR A SR, Tl
SBUP) AR Jo0 2 05 3 A 45 R DA P U AR PR
N AN A A5 (AL, DB R RE A A 2 B 5 5
LR LA 9 R B R /K BB IR 1) S K SR A Eh E A
SR PR A 5 285 17 B P ] 5 i PERE AR PR
LT RK BEI A BB R SRR H Y
TETHR T AR R B A A 5 S0 T 4, R vl 4
B RE AR A A 5 S HAR R S Y R A
€ SO S o S 7 BN DIV B ) L B N
S K BERE A S HRAA S, 00 R AR R AR
WK BEIS R DI REAE™

2 KRREEKERA S &

AR S5 ER HE A B AR s 1) 25 77 85 BN TR, T 0 A
oy S AN ) B AR R A o Ao S R OK B 32 B2
LRGSR AEAR AT 201 R LA B, Bt
11T AE) JC A S P 245, LML 2 e, (LA (o 5
JFNEAZIAR 1 FE A B T LR A 27 52y
ESERTSRE RS i N R YFA AN S S L Y FONAN -
PE SR A oy LSS IR K B I 18 AV R L 52 34 B
PR G RAE Y PR SRR W Z (6]
i U 2 AR R AR AR SRR B AT )
2%, JLi A BRI (EARE MR AE , W W R AL 4%
IR B ST B A K A S A . AN RIR R
B HEKBEIE ] 7 7505 ALk KUUN R 2 R

R2 AREEKEROFEHFEREMRS

Jiik (N R 275 3CHk

FIRZERG  APRRIR iz OB B &, ORGSR, DUk, L7 AR A GRS, 2 ) — 122, 5y i [17]
PRAE M S Tk, LE AR AN, W RER AT BT FONE 2 AT 220, Ik 1 [18]
TG I S RLAF A B8] 3, pHOa N, JE i 51 A7) D K S, T A A i [19]
FiE e 52 Ik SIS AR AN, Topl 5 ol e m] o AR 3 B L SCHRACRAT [20]
UHEBE B 52k il 6 T B, S o TS0, AR AR AR AR A JrFam AR, W e 22 [21]
[ RS R L , 1k P ERESE P B [22]
BiK 46 A YRR T BRI AR A R, S T BRI ER 2% R RAR (23]

12



21 EXE
2.1.1 awARS

TEALA A, A SRR SR Bl &
RS VERTR AN 1B A ™ A 1 R )
B AR 0T 2R ) W 2 A o KRR R R s 2 ik = 5
RE AR EYZ DL Soam St o g, D i 2515 2
AR I KB R . T vk B AT MRk R R
2R AR B TR AN g1 &R B e A
ARG S . I, B i 3R A et ik il &
ARBE I e W FH B 535 S Yang 285 ) v At A
MERASSRAERE T h— TEAR R R MR-
TV 2 KL = R 2R (SLS/DTPA ) 7K B JiE R 2% v igs
T ZIF-8 JE 1 45 5, #5459 T SLS/DTPA@ZIF-8 & & /K
BEWE o S50 R W Z A BLAE A 2R Ph? S BH 25 Lkl
(V7 H S8 445 i 55 ) J T 22 300 s 0 v P TR o 28 2%
Pan 45203l 1 6 A TR B R AN (LS) B W § 1l 1) 2R
CAGEE(PVA) W, L) 20 2t — s 5 490 1) 2
8 3 F K BERE , 1K B FE L0 2 T A2 AR e Fn o
RLEE AR B AT 2R T AR TR B B R
PR, REAMEREGE ZMH T AR
RIIKEE R W 45 02207 IR s alifb ik R
BB S 5 B 51 &R I RS M ) 28 1
B FT ) A 7K R R A RE T A ) s 2 S v
PR

ZE I anepRs v ) A R SR 0 AR GH R R A
2 TR S BN 7K BB S 45 R R RE YR A A 4
AT 2 R AR ARG 8 G S )
212 FRE-IBRE

IR AEEE A I Tk 0 Ak 2 M T, B8 5 i L 4]
TS R R R A RN o TR IR R R RN R R B
AL Y R T 5 e A 0 RUR 45 4 TRl RE
=N (WK BCEE 537 ) |, JE BURR AE 11 24 2
Tk FHE , D TTIDRE AN W] 9 3R 5 W e 3 e e — B2, JE LA
WM 2, i AR e S EWM A E
(2 IR a7 W =S, N i B PR s Y2
Nof FEAT IR R S AR A AR AR,
WRMAARRREPHAEREATT S EEZENEREY
(Can A Jis \7E 20 (3R 0 Wz ) & A= FF I im B s v
TE 1 B - i Mg 5 A2 JK 1) 7K 8 e 0 4% . IR L
Hayashi 55> FF & 1 BR800 25 /W S 7K R JG A 1 ik
FUEE rh R RAFAPERE, 4658 B R 12 MPa,
JF Hugwe i F e i B 3Rk . X — R E A

R E LA AR 2026 FFE1H

AUT FERAE T 3 09 A 1k, ok R R K B e 4
BB AN AR UL T HE S5 . Wang 045
B RIRARM W Z5 K Rt 5 A W B 22 R T R | 3
K AR R 2 1 K R e IR 9 B AR BT 2R KA, B
J P TS TR M I Ay 0 K S A, AT & —
P ELA R A 1) S R R s R S I R B AR R
W AEARR K EE WL S A AL, AT R H T B8 &2 S,
Ji 238 358 A0 4K 2 I 25 A BS A A6 590 BB 6% 4 5 L
N7 [ AR 3R 1y ) 1 () AR AP 5 oz % B 4%
B U
2.1.3 KRB
FE— 5 [P TR PR BB A5 1, 7 A 2 ikl ) i
A A Y5 S ARG A Y0 & 46 A RO, A
J8E AR LG, B e (—N=C—) , I\ S B4+
) A A BR A4 B = 4 R 28 4540, a1 R
“BEE/REAY” “BELAY”
o WY a
e —

“BERE

Bl FERu RN E

AR FTZE A EE [ 48— BE 4548 28 2 R £ (NaloO,)
AALWIZE, A L 3 s R R S AR A W (R R b
S ) 1 —NH, 48 5 T i s 25 W0 e i (—N=CH—) ,
AR RRE A T AT R K TR, ST,
Liang 25" BT A A0 A T 2 /52 M LAk BERE
FH e ] 1T pH e 0 R 25, K BEIR 4 & T Ak
K ZE AP NS A A A A e 2t 4
B0 A BRI AT PR R 38 99.2% . Zhang %P
T — I T AL SRR ST BB A AT Ak
VM, LT 4 T €0 4 25 Bk B RN K T T A B T30
BBt 96% , It FLAEUS IR 206 W 5, PR R0%
AR 08% LU b T B S, B R
S (1% 3 285 AT 3 P R R T 2K R e ) R R R R L (L
SRS T HARE 5 2 85 pH JR R, BRI T
KR . R, i i 51 AR 3 1 sl i 3 R
T2 AR ZR 2 1 IR A2 0 1 A P R T | il
HAEARFIREE 0 T # AR O RF R AT M SR , &
—ANEZ WP

13



2026 18l HER ST H

2.1.4 BRI EER

il 5L A 5 B AR S M R AL T M | R B TR T
YEHTREY iR 5 aei o R BE A A
RAER, AT MRS 0 T R B e A R 2B
N, T8 B A A I B, AT A A — A I 2% A A0
BN, FE A ARG (TG) vl MEL R S h a2
i frle B 3565 o6t 2 1 ke I 22 T I o P S 5 AR 2o 4
AP (HRP) 0] LLFE H,O, /776 T AL 2R e 2K 153 AN
i g 25 R A B A K 5 VAR I (Laaccase ) AT EAL A B 2 )
PRI RS A, HE— P RS R RS T
S5EAR AR 2 EEH)NE R LA Michael AL
5 Schiff fif 52 B % AL 2467, Wang 55 9 BfF
F% R Bl R 0 Z /22 3R B AR ) SR KA T BN AR
SCHR HAT (53K 95% W A0 ILAE 16 23, W] R AT b S
B 1) 2 AE A B . X NIRRT AR SRk AR
YIAZSHE R D REPE , o 3 s A 2 T AR S AR 4t 1
I 5E 7 0] RIS AE B I RV o Jiang 552 F
BRAR o ALY, e AN A BEARAE T A R T —F
AIVESKEERE o ARSI P A S AF 57 22 01 i
SEHK 7 G i S5 e A B P, B R4 1) 4 i e 2 2R
AN SR L NIRRT S IR YA S,
X} it e 52 B S R MLER (R 5%, FF & 22 on Ak il A 22 Bk
RZ , LU AR N 5w oK
2.2 WIEIEE
22.1 ASEIRFH I

AR IR S A S Y B A B ) B A —
O S B IE S sh AR HT . T &S — F
BRI IRER, AR5 8 A RS A
BEWIR PTG . YREW A TEh S
A RS T U R R AT (AN R 3 R O | Mk e 3t
S B, X S E BE A 2 [R) W] DL i SR AR BVE
F 0 AR E I W28 454 o SRR B 2l S 3K I A 2 1)
RE WM 4 BA s AT R R BA LS A
IR 25 R A R e Y . SR R EE(PVA)
KRR T T o S B VA R — A R B ) A R
Mo AR T PVA B 55 i A0 i Ui B2 (UCST)
BF, PVA W T 1Y) 53 ik R) S05EE 2 1 0,
LAY HUIY A WK EERE ™ o Zha 5557 F] FH 8 6
5 2T Y R WOKR T 4 B M, 7R R R N R e
B 1o 11%) SR P [R) A0 B 0 285 5 i o o Ak SR 4 S A
FH, 52 BOKBE I P\ 53— RUBE B AR TOK RBE 1 I 2 235
A A e T T A% Ak B oK a1 En

14

D5 Tk B i i

J&5 SR 3R S RE B, 3G N &
SRR PR U P DR B, S 0T S B S K I 2%
GOk e RN U&=y i i e i =
222 BIFR#

MBEE W FRE LS AR AL A B
L E R AT, 1A 3 AT A B AR S FL AT 0 2 22 1)
1) e FEL A LA D, E 93 5 22 A0 T2 g 25 e, i
FFE = AE P25 55402 Fan 2558568 T —Fh it i
FAL 167 (1Y DNA 43T 55707 1 FL A 119 5°c RO 22 5 22 (] i
FERH B A B B AT 33 S DNA 7K BRI, H i) A ik 7
fAT B AR IC A o Bai 45 SR AR A7 A5 45 8 7 X
R e e /2 F B2 2 3R A (PAM-CMC) 28 A &
ATV A T B AR EERE M 4% . 5
Sh U SETR AR A BL R B S 1 20, i at 5 Mg
Ca™ Ba™ 45 M PH 2 1 A2 B il 45 ThF 38 2 i /K 3 e o
T BH S AT LA v S TR Y M T R PR S
AWK, T B B WO A AR BE , I A6 4 4% (8] JE B A BK
TR DN T 3 PR B K B o K Y B85 TAC A3 28
IS )z 1 T2 AR 1 BT A

T PR T 1Y B RN R LA KA
N Z5 A, T B B A8 B K I R AR E T S ML P
AE , 52 BT A R ok TR AR A B 45 o
223 BAKGA

L 7K S AT 7K I3 v ik B AT i ) T3
A EKAREAE R, IR IRA R A HAE. ER
G TEET S ABUK G BT X e HLITTE K
B2 A EREIE AR R, TR A [F] 4
SRR R R BT AR I N = AE 2 S X
i, 22 1 ML 1] B A8 T 77 7K R e ¢ e P M - i K R
LETE A 8 X I 2L AT Bl A8 mT i M | H A I B R
Ff— 8 W EE, TEA IVE T BB A SR RE &=,
T T AU S Y T 43 Tran 289V B T
TR BAT A2 B SR s il £ 1 5L A v RN S
() 7K BB B, IZ 68 BHAE FIL T B R LT 2 R A% SRR R
LRI INE Uit e g e =S A DA ER -
Li S5 28 T — R FH B KR X8 AT A B AR
FH 28 SR, B il 5 s g B AT S L A B A
BT AR . IR W E R AT R B A A
TRAR DX, SEBL T R R I T IS M RO S5 00 22 0
o X ES TS ARAE 200% 1A S5 R R H AR AR
[ M, I ELYE 5000 YR 7 Z246 AP A I 1t RE AR 5



AR

Jri £ i A K kP B S5 R B 2%
A — 2P A B R G A AT O, G TR 3R 4 S B I 45
B Tt 7K 4 5 7K IR I 0 445 R A A2 P -5 4 30 A T i
AP

3 KREEREKERNTES

FURT, 56T A5 28 St 18 /K BBt B ML il ) 1
J F R T BRSPS (ROS) Wiy &2
S5 DR R B0 T 500 DY KA AL
3.1 EEEMEE

ARESA T mRE A EFERA,
IR R P Tl o A R 20 - A R A B Y

50 R ELAE T S0 A 5 ) e 2 i

PR Tt s, 2 AT R 2R R ) A R B, T
PLERANIE 2 i

H N\.JKN
[SRs

HEER BRI
m— U

VL

°  pmm ERAT

L ARES T SERSRBERA 758
\ARE | 2M8HEE | 34EmA | 4GEEK
57 BEAE, | EWER | SEmE

T W e

B2 ARFREHEEMRBEIHNENEREE

Li 25190 30 o Fik Ak S b AE AR R B8 AN
B, A5 B 34 N AR —2- R TN 3 K i & (Ligni-
nAHP) ; Fifi J5 5 H 5 T R (A A ) T H 25 9 075 R Ak
AT (SBMA ) 2 SR A1, # # 3 AR Jo 22 9 — T I
24 K BE e P(AA-co-LigninAHP-co-SBMA ) . % ¥}
PR TR 21 53 RE A B HE S AN TR RV O i IR
GERG, XF KT TR A A0 B 3855 94.8% , % 4 B (5 4] 4
BRTE A0 R W 53K 95.7% . IT4EK , Yang 2544
T — i I XA T T A S5 2 0 R K
T B0 1 24 T SR, SEPE T 0 b 5 L T B ) R
P PR A, AR R D I T e . g R,
Al 5 Ag-Lig HRIINEE T 2 G2 e (APS) 1T Ak, fff
PR TR D ok 3R A T LK B s o A5 /K 5 e LA A
SRIPUEMERE S TERE R WAL RS R A 2
PERE
32 ENERE

AR R A S 55 T AR AEAL B TR AW

RS F 2026FEF 11

Jot, A SR A R RS X
PR B AT o S A, R LA S A R 240 R ) 40 5
B EE B G NI AR SR TR

Wang 551 i K FAE A BT Z= A AR i R/
InO LR SRR IZE SRR Zn0 AT LI A
VRS, AR TR P R Xk 22 R B A B A
2GR R I RIFRPTRTETE . Gu S o de
H— B AR — BT S S A AR
5 R A A B 5 1 T S IR R 4 R
H H 7 SR — A Jo 3R PR A — T A B
BB o 2K BEI AT P 5 1 7] TR i B0 o
P A IABEIE 1 AR PR A LR AT R o
33 ERBETHE

ARIRZEGTAHZMERRA, ol 56881 A 4R
AR B A AR RN SR E T 28 . —
J7 T, 43 A S T AR B HOA BTG 1, AT 40 A
BE e 240 M 1) 67 R A 2, T I A R I AR
BIIRE; 73 —Jr T, & Jm B T SRR A A el
SR A BT 3R BB TR I T R] I A B 38 30 RE A B 2 TR
B AR KBRS P A 20 O, B TR = R
JR R - Jm B T A R B R A R HLE A 3 BT

Q

x
OH £
{E
R

OHg

F | | EEBFASREE: H5E8
e, FHRIERSEENEE

ERBTSARRES:

BEHERE B ARENEEE

| AEFNESEET
a0 mkERbSRE
oo 0| REAERE

B3 ARZ-eRBTFEAUNHMENENETREE

A W5 38 1 Ak 2 8 R 3R 7S IR A
B AR ZE I, & M Lignin-g-PHMG , F- G AR T
TR T AR - SR RO K R R T R AR B
REGEM T &R RE G, BRI, Y
Lignin-g-PHMG J5i 5t 7380 4% I, B 24 IR
H AR TERE . Samson 258145 & 1 Fh A [F]
AR R I, >R FHIBE & A AL SR M il 28 T — R
JRRILZINHEREENS . 12K EE A H R A i
FhEME L AR RO E Y ERE . KRR E R
Sk o T RS AR ) T RORE, BT LA TR B 7 2 54 T 7 A
T S 79 ) 2 45 o 4 JB S AN K JIURE (NPs ), I 78 A %

15



2026 18l HER ST H

NPs i F2 3 40 A B 09 L5 B B el . {5 B R
TR 948 AR LS B — R ] 39 S0 0 s S I, T TR
TOKEERE R AR A2 HRE, A B H HA 5 R[]
M Z R FEBRE TT o A BHRE —Fh i) & fi (5 36
R UT BB Ak TR Ak 22 D RE K 5T 2 T i K
34 SEE/SEBH AR

K JBE 3R 1 22 B0 05 7 45 4 1 L LA G e 4
J1, ATWIOG R IR L5 A G , 77 A 1 R
T FIE 0 M5 TR A1 TR 240 R 5 A, DT S5 B PR AR
Hh AR5 I ATVE S GG 7O B 7 AR T
AT, SR I RAE R i — PR TR R
PUAETERE . ARBTRMDOGASTRE LA 4 PR

? I l ® ®
® i

)\r‘\
T)i@ TUGERE SN
L —- b 3
J\‘/ P ‘T:f@'/}%!/ﬂ‘.\\‘

EREEREH I S Jﬁﬁﬂﬁﬁﬁ&ﬂﬂﬁéﬂﬂﬂéﬁ

fiE
[
I

HEFFEEER e SEANINE = EHAREE

B4 AERZHAEHBREIIERSE

Chao S5 fE L T AR R R Z OGO R E
B AR AR BT 2B R A Sy o3 B 22 T B FTAR 40
KT B AR [ B FH T3 i Ag (1), 22 B e U 1
8 5 AR AN R TR ) SRR 5 — 35 T PR R] D A
ML, B0 T 2 AR BT R AR . Xu SE R
Au G IEURLE i ) Halloysite 40K (Au@HNTs) 5
TR O 5T RME B AR T 2R FE K B M B o A%
33 LPC-Au@HNTs & A /K BE R, &5 R K0 .
ZIKEERE AT R AT 0 12 FOGIE BE |, 72 T 5% B
1.0 W/em? (1) 808 nm ¥T £ 7k (NIR) 3¢ B 5} 5 min
Jo KB Y R T IR B T 5 22 57.59 °Co [RIIN, Ot
POV T 1 7K B8 S BOR S €8 A BT S P, 7T DL
= H 30K AT B (99.00% ) F1 4x H (0, 7 4 BR
(98.88% ) A o

4 REEREZE

ENTES R G Tt TN (p I St S o
R T e B | B R AV I B RE AT L A R AR R
BRI S B 5 SN R R 2 1 T K B I 22 O
g, AE 8RR Bl FEAE AR B IR, Tk AR R

16

(PIANBR IR ER AR A ML AR SR BUR LR ) REfS
R A AR K 58 ) SO AR o A B 2R T 1 K 25
JE R o5 AR 2 R 3 A R R R AR
ARSI G N L (RTINS R
Yy AZ T S, D i e RE A 45 5 D RE A SRR At T
ZR AT 5 . EPURALE 5 I, 1% IR EER Tl
Ao BSR40 R S 3 R SR i | R R T P R
JCARDE B TIN5 2 M 07 S B AR T AE 2R
W 1= = AU, A ) A DA 11 JBORE R TS, AR Jo 3R
FEPUR K BEIE S B R Ar RO T, b A R s
3 PV I T s J g

HRAE A BRI, AR 3R K BRI A 2219
SR B T R RS (B AT ST A AR T 2 )R
B « He— X 28 ST R AL ] 18 ) tp 1) A1 B e 4 L
B Z RGEMERSY H 2 ST K BE K A= Y AH

A7 AR BB AR K B AR R o A L A A ) R
B ARSEBE TS AN AL o RIS R HE AR AR
i B S MK A B S A A A ER L A T
ESWUSETIR RGP BE s LR AT A R DL B
AL 18] A B[R] 4 FH S PR 58 A 38 2 e R, T R/ e
JEE R A AR AR R R P B R PP A 4R T
RE M S RE 5 [R1IF, i 137 3R A8 ™ M ARSI R, F A
2R B R RBAL 7 L2 i — D R AR AR O A
SEGE— R ARME , FERF N S R A A A
A AR B AT o

Sk

[1] ZHU S, MANAN S, BO J, et al. Emerging role and poten-
tial of lignin in antibacterial hydrogel applications for
wound healing: a review[J].International journal of biologi-
cal macromolecules, 2025, 318(Part3): 144976.

[2] ASHKAN F, AMOHAMMAD F, MORVARID S. Natural
biomarocmolecule - based antimicrobial hydrogel for
rapid wound healing: a review[]J]. International journal of
biological macromolecules, 2023, 244: 125454.

[3] SMITH A M, MCCULLERS J A. Secondary bacterial infec-
tions in influenza virus infection pathogenesis|[J]. Current
topics in microbiology and immunology, 2014, 385: 327-
356.

[4] BOEHLE K E, GILLIAND J, WHEELDON C R, et al.Uti-
lizing paper-based devices for antimicrobial-resistant bac-

teria detection[J]. Angewandte chemie - internationaledi-



5]

(6]

[7]

8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

tion, 2017, 56(24): 6886-6890.

BROUSSARD K C, POWERS J G.Wound dressings: se-
lecting the most appropriate type[J]. American journal of
clinical dermatology, 2013, 14(6): 449-459.

CHANG H, WEI H, QI 'Y, et al. Advances in hybrid hydro-
gel design for biomedical applications: innovations in drug
delivery and tissue engineering for gynecological cancers
[J1.Cell biology and toxicology, 2025, 41(1): 115.

LAI C H, YANG C D, JIA'Y, et al. Lignin fractionation to
realize the comprehensive elucidation of structure-inhibi-
tion relationship of lignins in enzymatic hydrolysis[J]. Bio-
resource technology, 2022, 355: 127255

KHADEM E, GHAFARZADEH M, KHARAZIHA M, et
al. Lignin derivatives-based hydrogels for biomedical ap-
plications[J]. International journal of biological macromol-
ecules, 2024, 261(Part2): 129877.

MEHE, SR, KRR, 55 . ARBUR KA K BERETERE L0
P IF 5 HE ()], A5 ) TR 41k, 2022, 38(7): 2489~
2498.

XER, XU e, 5 ne, 45 . AR5 SR K BER Y ) 5 S H:
TEAER BT TS ERE(T]. Hh 34, 2024, 43(11): 26-36.
SAADAN R, ALAOUI H C, IHAMMI A, et al. A brief
overview of lignin extraction and isolation processes: from
lignocellulosic biomass to added-value biomaterials|J]. En-
vironmental and earth sciences proceedings, 2024, 31(1):
3-4.

DUY V N, TSYGANKOV Y P, MENSHUTINA V N. Fac-
ile lignin extraction and application as natural uv blockers
in cosmetic formulations[J]. ChemEngineering, 2024, 8(4):
69.

HROK, T, EHME R, AL ORUR 2 B R S DT A RS
HERE[N]. AL T ERE, 2024, 43(5): 2512-2525

LONG X, YAO M Z, WANG S Y, et al. Efficient separation
of poplar lignin by a new carboxylic acid based eutectic
solvent - choline chloride/malonic acid[J]. ChemSusChem,
2024, 18(9): €202402345.

WANG Y Q, TANG S, FU Y T, et al. A high strength mul-
tifunctional lignin-based hydrogel dressing with antibacte-
rial, antioxidant, hemostatic and adhesive properties for
wound healing[J].International journal of biological macro-
molecules, 2025, 320: 145743.

POPA 1., GHICA V M,DINU-PIRVU C. Hydrogels-smart
materials for biomedical applications|[M]. London, United
Kingdom: IntechOpen, 2019.

LIU X, YANG K X, CHANG M, et al. Fabrication of cellu-

lose nanocrystal reinforced nanocomposite hydrogel with

[18]

[22]

[24]

[25]

[28]

RS F 2026FEF 11

self - healing properties[J]. Carbohydrate polymers, 2020,
240: 116289.

CENGIZ N. Glutathione-responsive multi-functionalizable
hydrogels via amine-epoxy “click” chemistry[J]. European
polymer journal, 2020, 123: 109441.

LI'Y J, LIN, QIU S 'Y, et al. Preparation method and per-
formance analysis of hydrogel for thermal management[J].
China plastics, 2025, 39(5): 18-24.

SUNY S, LI D X, YU Y, et al. Insights into the role of
natural polysaccharide-based hydrogel wound dressings in
biomedical applications[J]. Gels, 2022, 8(10): 646.

LI Q Y, HE C C, QIAN Y, et al. Highly robust cellulose
photonic hydrogels with reconfigurability and mechano-
chromism[J]. Materials today, 2025, 83: 252-262.

GAIA A D, VIVIANE L, ESTHER A.Rheological proper-
ties of ionically crosslinked viscoelastic 2D films vs. corre-
sponding 3D bulk hydrogels[J]. ACS applied materials &
interfaces, 2023, 15(19): 112.

LIAO F Y, TIAN Z H, YANG X, et al. Hydrophobic asso-
ciation: a facile approach to prepare physical cross-linked
gelatin hydrogel with desirable thermal stability, flexibil-
ity and self-healing ability[J]. International journal of bio-
logical macromolecules, 2024, 262(Part1): 130058.

IRbE g, A IE, B T, A R BRI B R i
VR KN A (T, AR A, 2023, 38(3): 79—
88.

YANG L Z, BAO L, ZHONG Y, et al. Fabrication of in
situ metal - organic framework grown on sodium lignosul-
phonate hydrogel for removal of Pb**, methylene blue and
crystal violet from aqueous solution|J]. Journal of cleaner
production, 2024, 29(13): 434.

PAN X F, PAN J W, LI X, et al. Tough supramolecular hy-
drogels crafted via lignin - induced self - assembly[J]. Ad-
vanced materials, 2024, 36(36): €2406671.
AKHMETZHAN A, ABEU N, LONGINOS S N, et al. Syn-
thesis and heavy-metal sorption studies of N, N-dimethyl-
acrylamide-based hydrogels[J]. Polymers, 2021, 13(18):3084.
WANG Y Y, NALEWAY E S, WANG B. Biological and
bioinspired materials: structure leading to functional and
mechanical performance[J]. Bioactive materials, 2020, 5
(4): 745-757.

HAYASHI K, TOKUMARU T, SHIBAHARA K, et al.
Wood-derived hydrogels for osteochondral defect repairlJ].
ACS nano, 2024, 15(12): 251-253.

WANG X F, FANG J, ZHU W W, et al. Bioinspired highly

anisotropic, ultrastrong and stiff, and osteoconductive min-

17



2026 18l HER ST H

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

eralized wood hydrogel composites for bone repair[J]. Ad-
vanced functional materials, 2021, 31(20): 177.

ZHANG X Y, LIANG Y P, HUANG S F, et al.Chitosan-
based self-healing hydrogel dressing for wound healing[J].
Advances in colloid and interface science, 2024, 332:
103267.

ZHAO H J, ZHANG Y S,ZHOU C, et al. Engineering pH
responsive carboxyethyl chitosan and oxidized pectin -
based hydrogels with self-healing, biodegradable and anti-
bacterial properties for wound healing[J]. International
journal of biological macromolecules, 2023, 253(Part6):
127364.

VUNDUK J, PUROVIC S, KOSTIC M, et al. The applica-
tion of laccase-rich extract of spent mushroom substrates
for removing lignin from jute fabric waste: a dual manage-
ment approach[J]. Scientific reports, 2025, 15(1): 12598.
HEE S K, HEESUN H, OLATUNJI A, et al. 3D bioprinted
silk fibroin hydrogels for tissue engineering[J]. Nature pro-
tocols, 2021, 16(12): 5484-5532.

WOO J B, HOON J C, YUN K L, et al. Horseradish peroxi-
dase - catalysed in situ-forming hydrogels for tissue-engi-
neering applications[J]. Journal of tissue engineering and
regenerative medicine, 2015, 9(11): 1225-1232.
ADELNIA H, ENSANDOOST R, MOONSHI S S, et al.
Freeze/thawed polyvinyl alcohol hydrogels: present, past
and future[J]. European polymer journal, 2021, 164:110974.
WANG D, ZHU R F, TANG X Y, et al. Multi-bionic strate-
gies integration in cellulose nanofiber-based metagels with
strong hydrogen - bonded network for solar - driven water
evaporation|J]. Advanced fiber materials, 2025, 7(3): 1-14.
HUANG S C, XIA X X, FAN R X, et al. New chemistry
findings from shanghai jiao tong university described (pro-
grammable electrostatic interactions expand the landscape
of dynamic functional hydrogels)[J]. Chemicals & chemis-
try, 2020, 13(2): 3-7.

BAIJ H, WANG R, WANG X M, et al. Biomineral calcium-
on-mediated conductive hydrogels with high stretchability
and self - adhesiveness for sensitive iontronic sensors|J].
Cell reports physical science, 2021, 2(11): 32-34.

PRI, ZEA, TR, 55 . MR IR ER /K B IR DAy 16 A4 A E
NSRRI HERRE: 167, 2022, 52(1): 23-37.
MREDHA I'T M, PATHAK K S, TRAN T V, et al. Hydro-

18

[42]

[43]

[44]

[45]

[46]

[47]

48]

[49]

[50]

gels with superior mechanical properties from the synergis-
tic effect in hydrophobic - hydrophilic copolymers|J].
Chemical engineering journal, 2018, 3(21): 362325-362338.
LITQ, LIU X, YU J M, et al. Healable ionic conductors
with extremely low-hysteresis and high mechanical strength
enabled by hydrophobic domain-locked reversible interac-
tions|J]. Advanced materials, 2023, 35(51): €2307990.
ZE0h, H , SR, A R R SR IR AP S AN R
T LK BRI ST ) A A REL]. Aol TRE“#4i, 2022,
7(6): 114-123.
YANG Q, CHEN R, LI M, et al. High antimicrobial elec-
trotherapy and wound monitoring hydrogel with bimetal
phenolic networks for smart healthcare[J]. Advanced func-
tional materials, 2024, 35(2): 2413080.
WANG Y Y, WANG H, LI Z X, et al. Fabrication of litchi-
like lignin/zinc oxide composites with enhanced antibacte-
rial activity and their application in polyurethane films|J].
Journal of colloid and interface science, 2021, 59(4): 316—
325.
GU Y H, XU C, WANG Y L, et al. Compressible, anti-fa-
tigue, extreme environment adaptable, and biocompatible
supramolecular organohydrogel enabled by lignosulfonate
triggered noncovalent network[J]. Nature communications,
2025, 16(1): 160.
CAO W, WEILD F, ZHENG A N, et al. Surface enrichment
and nonleaching antimicrobial performance of polypropyl-
ene grafted poly(hexamethylene guanidine) (PP-g-PHMG)
in poly(ethylene terephthalate)/PP-g-PHMG|]J]. European
polymer journal, 2019, 1(18): 231-238.
SAMSON A, WANG X C, RUIZE G, et al. Combined ca-
talysis for engineering bioinspired, lignin-based, long-last-
ing, adhesive, self - mending, antimicrobial hydrogels[J].
ACS nano, 2020, 14(12): 17-21.
ZHANG Y C, WANG Y L, LI Z X, et al. Engineering of
near - infrared - activated lignin - polydopamine - nanosilver
composites for highly efficient sterilization[J]. ACS ap-
plied bio materials, 2022, 8(15): 10-21.
XU X B,CAO Y Y, MA X Z, et al. A photothermally anti-
bacterial Au@Halloysite nanotubes/lignin composite hy-
drogel for promoting wound healing[J]. International Jour-
nal of biological macromolecules, 2024, 258(Part1): 128704.
(ALY 4% %)



