B S EG IR B L Ak 2026 4F 2 HES 44 4555 2 ] Chin ] Exp Ophthalmol , February 2026, Vol. 44 No. 2

YL PT 2 SL/PVA gH oK £F 2 Ji i) il 25 S FLAE
ZE TR RAE T 1A A9

FEE &Mk WE BE OREE FgR

"HONKEMAAEE TR, HMN 450003, 7T H 8 S RAER T d 8 AR ERRA
M KFARER, ¥ M 450003

BAEAEE . B 5 R, Email : lijingguo@ zzu. edu. cn

(FE] BM 6 S 2RE MR LA TR (SL) /R ZIBEE(PVA) 9K &F 4 50, A4 1t 3 B oy 5Pk
YA AL 5P P A IR IR A M S A I A S R S T E R . AiE DLRAAREE N EE,
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UESE-SO,H B A 1 s D 51 AF1 SL 5 PVA [/ AH EAEH . SL/PVA 9K 44 iz $2 i %7 DPPH B B 55 1975 B
M OH 1Y % BR 276 0.1,0.2.0.4 F 0.8 mg/ml ¥k & o B 9 B W& B T & 100 18 m (v OH 3 B 2 78
0.4 mg/ml J5 ¥ FAE ) o SL/PVA FK £F 2 it 5 4t Jifg 4k 85 5% 24 .36 F1 48 h, 41 i ££ 1% £ 19 >90%, SL/PVA
A A41A ROS /KB BAR T R BRI 4L M PVA 41, 2 R A ST 2% 8 L (¥ P<0.05) . {&/FCE Y0z R D
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EHRERSHSEITFE L (F=1727.47,P<0.001) , H:d SL/PVA 2H 40 B 4435 R W B AK T X I 4H Ffll PVA 4,
ZRMA G AL (¥ P<0.001) , S st j s ] R, SL/PVA A 41l TNF-o (IL-8 Fil IL-18 F- 3¢
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[Abstract] Objective To prepare a structurally stable sulfonated lignin (SL)/poly (vinyl alcohol) (PVA)
composite nanofiber membrane as a bio-based ocular carrier material with intrinsic antioxidant and antibacterial

activities, and verify its role in the intervention of subconjunctival inflammation. Methods  SL suitable for
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electrospinning was prepared from natural lignin by sulfonation to introduce -SO;H groups, thereby improving the
hydrophilicity and solubility. SL and PVA were blended at a mass ratio of 25 : 75 and processed into SL/PVA
composite nanofiber membrane by co-electrospinning. Morphology, chemical composition, and mechanical properties
of the membrane were characterized by scanning electron microscopy, Fourier transform infrared spectroscopy, X-ray
photoelectron spectroscopy, and tensile testing. Antioxidant capacity of the membrane was assessed using DPPH
radical- and hydroxyl radical (OH)-scavenging assays. Cytocompatibility was evaluated by cell counting kit-8 and
Calcein-AM/propidium iodide (PI) live/dead staining. Antibacterial activity of the membrane against Staphylococcus
aureus (S. aureus) was examined using live/dead bacterial staining. Intracellular reactive oxygen species (ROS) in
CCL-20. 2 cells were measured using the DCFH-DA probe. The expression of interleukin (IL)-8, tumor necrosis
factor (TNF)-a, and IL-18 in RAW264.7 macrophages was determined by immunofluorescence staining. A rat
subconjunctival injury model was established to evaluate conjunctival congestion and edema scores at different time
points after the membrane implantation. Hematoxylin-eosin (HE) staining on post-modelling day 7 was used to assess
inflammatory cell infiltration and tissue damage in subconjunctival tissues. All animal experiments complied with the
Regulations on the Management of Laboratory Animals and relevant ethical regulations, and had been approved by the
Experimental Animal Ethics Committee of Henan Eye Hospital (No. HNEECA-2024-18). Results The SL/PVA
nanofiber membrane exhibited a uniform and continuous nanofibrous architecture with favorable mechanical
performance and structural stability. Fourier transform infrared spectroscopy and X-ray photoelectron spectroscopy
confirmed successful incorporation of -SO,H groups and interactions between SL and PVA. SL/PVA membrane
extracts showed concentration-dependent scavenging of DPPH radical and OH over 0.1, 0.2, 0.4 and 0.8 mg/ml,
with OH scavenging reaching a plateau beyond 0.4 mg/ml. After co-culture with the membrane for 24, 36, and 48
hours, cell viability remained greater than 90%. The SL/PVA group showed significantly lower intracellular ROS levels
than the hyperosmotic model and PVA groups (both P<0.05). Live/dead bacterial staining results showed that the
bacterial survival rates in the control group, PVA group and SL/PVA group were (93.82+2.15)%, (83.23+2.42)% and
(8.63+0. 84) %, respectively, with a significant overall difference (F'=1 727.47, P<0.001). The bacterial survival rate in
SL/PVA group was significantly lower than that in the control group and PVA group (both P<0.001). Immunofluorescence
analysis showed significantly reduced mean fluorescence intensities of TNF-a, IL-8, and IL-1B in the SL/PVA group
compared with the lipopolysaccharide group and PVA group (all P<0.001). In wivo, rat conjunctival congestion and
edema scores in the SL/PVA group were significantly lower than those in the control group on postoperative days 7 and
14 (all P<0.01), and inflammatory cell counts in subconjunctival tissues were significantly reduced in comparison with
the control group and PVA group on postoperative day 7 (both P<0.01). Conclusions A structurally stable and
multifunctional SL/PVA composite nanofiber membrane with excellent antioxidant activity, antibacterial performance,
and cytocompatibility has been successfully developed. The membrane can downregulate pro-inflammatory cytokine
expression and alleviate subconjunctival inflammatory responses in vivo, indicating its potential as a bioactive carrier
material for ophthalmic applications. The membrane can significantly down-regulate the expression of inflammatory
factors and relieve subconjunctival inflammatory reactions.
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1.1.1 SCE A s ok IE  RAW264.7 /N E W
200 B R TR SR RO BRI NE A AL
21 2 2] it ( human pterygium fibroblasts, HPFs ) Fll 4%
R CCL-20. 2 fy ) g 4 a7 IR A R e 4R A1t . e B
18 J1 8 Jil % | fA i it 180 ~220 ¢ MEME SD KK, 9 A

WA A A YRR R A LA 7 iR 2 5
SYXK (%) 2023-0007 ] . A K B3 1 95 76 % i Ot
M/ BIWEPEPES 12 h RS R 45 T SRR E WK, B
A 4 S 0 P A € 52 50 B W 4 B4R 1) BORH AR FE
T, FFR 2T 4 S IR B2 e S 56 Bl 1) 18 BE 2 B 2 A v
(it 5 . HNEECA-2024-18)

112 FuU0 RAUEs B Bt R (b st i R
BHEA AT ) s PVA (1799 | | i 32 v pkak 7 A R
NE]) s B BR LW R BR (H,S0,) | Jo K = &AL Bk
(FeCl,) . — H J& VA ( dimethyl sulfoxide, DMSO) | 1,
1-— 2K He-2-9% J& B (1, 1-diphenyl-2-picrylhydrazyl,
DPPH) (_Lifgpl i Tl A RA R ) 2,7 -8 A
PR T L RER R (27, 7' -dichlorodihydrofluorescein
diacetate, DCFH-DA ) | Calcein-AM/PI 4 it 15 /%E 4 6,
A& S/ SRR G (R & (L7012) (bt R E R
BAT IR 2w ) 5 40 o %0l 57 & (cell counting ki,
CCK) -8 4 35 Jy A I 307 & ( Lo 38 = RAE YR
O3] ) 4 v O % BR A IR e 4 S IR AR IR B A ) &
Fe ) s S U 40 A &K -8 (interleukin-8, TL-8) T4 4
5 B8 2R 8 Al T -o (tumor necrosis factor-o, TNF-a ) 37§
1R (Z€ ® Affinity Bioreagents 2\ ) ) ; Hu Ji IL-18 i {4
(bt B AR AW HARA RS 7)) o ECLIPSE 8i 3851
LAEL  EnVision B FR AL ( H A Nikon 2% 7] ) ; OMS-
90 FA K il 45 ( H A% Topeon 23 &) ) 5 1 B 1 I S B2
(Zeiss Auriga, {85 Zeiss 23 A ) 5 {lf B A8 e 21 SP G 3%
i (Bruker ALPHA 1T ,7%[E Bruker 2y &]) ; X HF £t
T fE 3% ( X-ray photoelectron spectroscopy, XPS) ¥
( AXIS Supra, #t i Kratos Analytical 2% &) ; 6% &
Bi (BX53, HA Olympus A #])

1.2 J5¥:

1.2.1 SL#I% FREUS.0 g RFLE A 3.5 g Na,SO0,,
JAE] 0.2 mol/L NaOH #7628 I T 35 £ 1 J1 B
PO Bt — RN R o T AR R A G R L
S AR A SO Ao i RSB B R R R R S A AR E
P, 1 0. 2 mol/L H,S0, ¥k ¢ 18 Wi i i 55 /K & pH
2 10. 0(Zif 55 2= P SF IR PE AT ) |, DL BE RS AL S v I
Ul D SRR AR AT T R S5 R BEIR o BB IS A 0. 06 mol/L
FeCl, AL 5 ml, B S AK 5 BT 90~ 100 °C i 4 2
Pigs o RN 2 he JRLES RS, 4k 22 T 0.2 mol/L
H,S0, #2125 A % pH 2 4.0, fff SL YLJE b o
i1k 2 LA 0242 14 em (8 000 r/min &0 10 min, I
BVUE, 7 2 B DU 28 7K v i 2= Big i b
JG, BT 40 CES TH2EE 7558 SL RS
1.2.2 W5l 4 SL/PVA QR LENR 2 IR #h
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2% W ( phosphate buffered saline, PBS) 5 DMSO {4
ey 80220 i 5 1R 5 VR o i BRI S 00 Ak A E 7Y 5
fHHE SL:PVA=25:75, LABCH] 10 ml A 25 ¥ W 0 ],
FEMFRELSL 0.25 ¢ 5 PVA 0.75 o BL[E & &N 10%
(w/v) 1, IRV A BR800 v, T i 2k 1 ) 4
FE1~2 h, BEIE R — W R A Pt P
XU W R AT AL B, R A 2 30 min, Y BE AN
40 °C, LABI; 1k B J5y 3k B | 780 e ok s TRORY JE 5
W AT ORI WCE T E R T E 2 30 min,
TR o WSRO O W R R 1
T WY S MORE BT VE 77 A o fF TE RO T TR R AR A
10 ml 73 5 & 0, 1 OR824 2 B2 b A 51BN .
VB S BT #2522 51 Sk FUAE Ry 22 G i 5
S 0.000 3 mm/s; 513k S WCAEAR ] FEES 4 15 cm;
IR S5 I B 30 °C AH XS B 45% ~50% . AE
AR N B Sk W8, IR A T AT i R v [
b, B 2 21 Y2 5] MU DT AR T 45 1l 3 Wi b B LAl K £F
YENE o /N0 b K T B R 2T 4 RIS B Al bR S T
B A TR AT B TR AG A, JEAT 3 5 T4, AT
A5 SL/PVA GKEF

1.2.3 SL/PVA GREFHE S5 RAE R T T30
ML 7 {2 745 ( scanning electron microscope, SEM ) Wi 2%
PR R MIEH, Geit 2R 4t 5 AR50 A, I 40 M &1 4
9 HEF AR A AL B 45 4, DL DAl B 97 T 25 0 £F 4E i
WL S5 AL B 52 R o SR AR B I A2 6 21 A0 6 35 A3 0 B b
HEAT RGN, 38 3k X L B 1R K R E W A 0 1 2 A, B IR
AR TR BB A PSR o SR T XPS AR X £F 4 i 3%
IR M AL # RS FEAT E L5 € &, ik — 20
B AR IR A ) 5 ) AR B R el e R . T T B
AR I AL RS 2T 4 1R AT Sz A ik, 0 AL
JIE W R AR A SCBE AR b L PTG TRORE B9 BL AR RS E
HUIE JEAE:

1.2.4 et ikiTAh SL/PVA 9K £F 2 f55 i 1k 4h A
SE 5 bR AE (1)DPPH H Hi 3L BRiG I 2 MRSk
[19] , #EFFREL 1. 97 mg DPPH # F 50 ml ¥ & i,
oK CWEEZ il # B B 2 100 wmol/L ) DPPH &
VR Y 5 K 25 2L 4T 2 R T M B AR 1. 4 em BY/NER
R FRE 0. 02 g, f4 A LA 10 ml Jo/K LB, 48 i
PRz 24 h ARAF IR IR P2 IF . Bl S LJCOK B R4
Y0 R C ) B [) Jo R i JRE A IR 2 9 (0. 1,0. 2
0.4.0.8 mg/ml) , Jp 2 % . LB 4 (SL/PVA 41) % H
ATF M (0.1.,0.2.0.4.0. 8 mg/ml) ) SL/PVA JKF
W2 AX IR 41 R 2 ml DPPH Z RV +2 ml 6
K TS A B R A 2 ml R AR I +2 ml oK L%

[ FnBR R 32 W B 5 W% BE (absorbance ,A) fH) .
i R4y 2415y B EURE : B 2 ml DPPH Z %S 2 ml
oK CEEIR A AE R 25 R BRBE & 5 B 2 ml 4R U S5
2 ml DPPH ZEEWOR G 8 S50 41 54 2 ml B IR
W5 2 ml JooK BT A A A BRERT B ¥ 76 ST okt
JEIRE 0.5 hy F AT W40 6 X6 31 AE 517 nm &b
52 A5V AT A A, AR ALRE AL Y T 5 R BOT
¥J{EH . 1155 DPPH H i 3L FR 2%, DPPH [{ iy S 3% Bk
H=[1-(A,-A,) /A, 1x100% ,FH A A, A 4 f 3
SCOR A BEXTHRAL S X BRI e A, (2) It
H H1 %& (hydroxyl radical, OH) ¥§ B % £ 2 B SCHR
[20],R ] Fenton JZ I {& R -4 SL/PVA & & 44K £F
YRR BT OH (S BRAE ST . /3 BIBL ] FeSO,
(9 mmol/L) /K #% BR %5 W (9 mmol/L, DL JG7K & P Iie
i) Mz H,0, %5 (8. 8 mmol/L, AL ) o #4 £F 4E i
2 2 mg/ml A LB F 7K (8¢ PBS) o, FE R IR % 4%
HR 7 I B 24 h IRAG IR SRR, I aE — 2B R L 1 A
0.1.0.2.0.4.0.8 mg/ml A 5] #¢ B 1) SL/PVA Jiiiig 42
TAE R R 5 o SN EEAE 10 ml 3504 (sl )
HFARUIMA 1.0 ml FeSO, % 1. 0 ml 7K A% 2 ¥ ¥ AN
1.0 ml A R B2 A9 B2 429, VR 2T )5 A 1.0 ml H, 0,
VR BN, F 37 C K Y 30 min J5 £E 510 nm
A SE A, BB S A BEAL (DL 25 T K/PBS B
AR AR, FA A R] ) A i 4 O AR 2 )
KR4 (SR AR A I A H, 0, DLAFE R R
BT K/PBS B AR) LIANBRIA R AL A 6. 115 OH I
PR3, OH MR FE =[1-(A4,-A4,,)/4,]1x100% , FH A,
A, A, S B 25 F X BE 4L S 0 T A S R R A
@5 H,0, B AT 3RS0 A (8.

1.2.5  JLE RBP4 SL/PVA 40K &F 4k JE 1) 14 4h A=
W4 (1) CCK-8 3% 4 CCL-20.2 41 g LA
5x10° A~/ L% B B2 Ff T 96 FLA 1,37 °C 5% CO,
BRI 7, PR AN M BE o 8 SL/PVA 4 K £F 4k i
B SRR /NI R (HARY 6 mm) , & T8
HE N & 5 A0 B I (30 min/ [T, Y I A5 RO
1WR) , TCrd PBS ik f5 42 8 4L o, of 5 5 40 i ik 47
HEIE SR, A BIEE9E 12,24 36,48 h il A 10 pl
CCK-8 i W7 & 2 h, 7€ 450 nm P& N & A {6, 3
A2 AR G A . AHRRTE IME (%) = (A FEf-A 25
F1) /(A XA 25 1) x100% , H v A 25 (1 AL 3%
FiH 5 CCK-8 25 1L, A X B Sy oK I A JBE A4 4 i) 4
Mafl. (2)TG/FE4nfage  # HPFs DL 1x10° 4~/4L
(% B R 1 6 FLAR AR UG BE S A & SR AMIH I

SL/PVA JEE[H F ( EARZY 14 mm) #EATILMEH 48 ho R
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JH Calcein-AM/PI XX 443 F & 8 6 %4 {4 30 min, PBS
THUE R TRV B T WETH4A IR, ¢ (0 9 hRid
T 20 L, 2060 5 bR il S S8 40 .

1.2.6 DCFH-DA #4F32: 4600 SL/PVA 4 K 41 4 i %)
RN R ) S RoCE[21], 6 CCL-20.2
AUMLLL 1107 A~/ FLIV % B B Fh T 6 FLARP, T 37 C .
5% CO, FFRH 2k %5 4% 2 mg/ml #4 PVA A SL/
PVA &4 51 A TG 1L DMEM/F12 v, 37 C 4k ¥ &=
P& 24 h AT BRI AR R 5 8 P PR 3R 4R R S T I T
DMEM/F12 # 1 = 18 &, fff 5 2 52 W & & B o4
1 mg/ml, 4 4N S5 0 B4 (B MBS R 0k ) |
FB A (FB R IR (FBEAI+SL/PVA 4]
(SEH & SL/PVA B 32 VR TG I3 5 7 JE AL B 2 h
JE AT mB AL ) o B, B BR SE B BEAH A ) A
M%7 2 & 90 mmol/L L4 .8 i 29 500 mOsm
M B B IR B P AR 2L 15 7 24 h BB X IR A 5508 5%
PFRHESR 24 h, WFRESHJE PBS YR 2 k. H 4000
BT & 10 pmol/L DCFH-DA W #4F T/E W h, T
37 “C I FREE R F 30 min; 7 )5 PBS Phik 3 L5
W U0 B R, 76 98O0 WU T SR 4 4% 4 At i 2 O IR o
K A Tmage] #RAF X 56 R E AT 28 1 43 B, B 4 BE L
TS S HLEF (200 ) THEF B9 i B, DL 358 X IR
HIH — A )5 8 & 40 Pk % (reactive oxygen
species, ROS) /K- ; AR 41 2= /D b 4T 3 Y <7 & 505 .
1.2.7 G/FCTH G005 TEAl SL/PVA 9K 25 2 i 1 1K
SMMBERE ST i VR R A7 1) 4 5 €00 70 205 B3R A TR R O e
Z AR, 37 CHAE I B IR F N B IR . A H A 3E
VEH B — VK, M R 4 ml i LB B st 7
220 r/min BIHE R 25 0F T 1593 10 h, DR AL TH5 %04
KB . R A HE 3k (0D, 5) #4704, 1
JE AR SO ¥ BE 2 1. 5% 107 CFU/ml BEAR 1) A600 {1
0.1, AP A R0 B S P SR AR 4 BRI B
REFRANTE B PVA S SL/PVA B3 51l 4% 2 mg/ml il
AT PBS i, F 37 CHR % =42 24 h, 314 PVA fi
RARW S SL/PVA IR W (B &4 il PBS) . K
500 b B ff Y 40 R VE VR, BT 1S ml B0, 4y
S hFHRAL PVA 41 #1 SL/PVA 41, 4% Bl A 500 wl 6
PBS . PVA 5242 LA S SL/PVA [ LW IR A1
A1) 7 37 CH R R Ab B 4 h, PBS VB 3 I, LI ES
D242 7 em 4 000 r/min B0 5 min, 7EREVGIREE T,
;3% /B0 A e €3 ) 6 40 T BEAT 15 min (il Y (o R
JF o BOTERR 2 R 09SOk, B 10 Wl By 6 (1% 20 T & 7
VEORS B N R B R b, AR SO0 AR R W AR I R AR
EE R R B Gt R AF 161G 0 . B FEAR

BEALIEHL 5 AL EF (400%) , 4339 1 Hcs 65 (6 1)
Her e s (FE ) 40 18 B0, TH IR ARG R, fF T
R (%)= 1 T B/ (T T AR + S8 T R ) x 100%
R ZE AT 3 WS AR S

1.2.8 S CY A MEE SL/PVA 44K £F 2k f % 240
JL A AE R 3Rk B2 o RAW264. 7 /)N E W5 4
BELL 1x10° A~/ FL A9 % BE R0 T & A MLIE F- 1 6 FLAR
W, o g Rt IR ZH IR 2 4H PVA 401 SL/PVA 4 4 4
4,75 & 10% i 4F 1 % 9 DMEM/F12 8% 5% 3 v F
37 CREFERN B o Xt B4 AF H A e 1 VT f 5
SR IR I IR 2 WA B2 DL 500 ng/ml fig £ 4 i %
16 h; PVA 1 SL/PVA 20 W 43 31l 556 FH AR 07 (9 B8 322 4
AbFH 24 h, P LA 500 ng/ml f% £ 8 fil 3 16 h, PBS %
SRR AL AN, A 4% 22 B8P U I 2 A0 iR
15 min, $ [ 5E 5 € 5 & F 83 & b, PBS i vk
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Figure 1 Morphology and fiber diameter distribution of SL/PVA
nanofiber membranes A: SEM image (scale bar=10 um) B: Fiber
diameter distribution histogram  SL/PVA: sulfonated lignin/poly (vinyl

alcohol); SEM: scanning electron microscopy
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Figure 2 Fourier transform infrared spectra of SL and DL  SL:

sulfonated lignin; DL: dealkali lignin
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Figure 3  X-ray photoelectron spectroscopy analysis of SL/PVA
nanofiber membranes A: Survey spectrum B: High-resolution C 1s
spectrum  C: High-resolution O 1s spectrum D: High-resolution S 2p

spectrum  SL/PVA: sulfonated lignin/poly (vinyl alcohol); XPS: X-ray

photoelectron spectroscopy
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Typical stress-strain curve of SL/PVA nanofiber

Figure 4
membranes SL: sulfonated lignin; PVA: poly(vinyl alcohol)
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Figure 5 In vitro radical-scavenging activity of SL/PVA nanofiber
membrane extracts at different concentrations on DPPH and OH
A: Comparison of DPPH radical-scavenging activity F =550.13, P<
0.001. Compared with 0.1 mg/ml, “P <0.05 (One-way ANOVA,
Tukey test; n=3) B: Comparison of OH-scavenging activity F =
747.89, P<0.001. Compared with 0.1 mg/ml, “P<0.05 (One-way
ANOVA, Tukey test; n=3) C: Representative photographs showing
the color change of DPPH solution after reaction with 0.8 mg/ml
membrane extracts Cl: DPPH ethanol solution+absolute ethanol; C2:
DPPH ethanol solution + PVA membrane extracts; C3: DPPH ethanol
solution+ SL/PVA membrane extracts D: Representative photographs
showing the color change of the Fenton reaction system after adding
0.8 mg/ml SL/PVA membrane extract SL/PVA: sulfonated lignin/
poly ( vinyl alcohol ); DPPH: 2, 2-diphenyl-1-picrylhydrazyl; OH:
hydroxyl radical
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Figure 6 Cell viability of CCL-20. 2 cells co-incubated with PVA or
SL/PVA nanofiber membranes at different time points 12 h: F=
1.24, P=0.355; 24 h: F=0.77, P=0.502; 36 h: F=0.03, P=
0.971; 48 h: F=1.71, P=0.258(0ne-way ANOVA,n=3) PVA:
poly (vinyl alcohol); SL: sulfonated lignin
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Figure 7 Live/dead staining of HPFs after co-incubation with PVA

Calcein-AM

PI

or SL/PVA nanofiber membranes for 48 hours (scale bar=10 pum)
HPFs: human pterygium fibroblasts; PVA: poly (vinyl alcohol); SL:

sulfonated lignin; PI: propidium iodide
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Figure 8

signals in different groups (scale bar=200 pm)

Compared with the hyperosmotic model group, “P<0.05; compared with the PVA group, "P<0. 05 (One-way ANOVA, Tukey test; n=3)

Intracellular ROS detection using the DCFH-DA fluorescent probe in different groups

A: Representative fluorescence images of DCF

B: Comparison of quantitative analysis of mean fluorescence intensity of DCF  F'=690.700, P<0.001.

DCFH-DA:

2',7'-dichlorodihydrofluorescein diacetate; ROS: reactive oxygen species; DCF: 2', 7'-dichlorofluorescein; SL: sulfonated lignin; PVA: poly ( vinyl

alcohol); MFL: mean fluorescence intensity



B S EG IR B L Ak 2026 4F 2 HES 44 4555 2 ] Chin ] Exp Ophthalmol , February 2026, Vol. 44 No. 2 . 129 -

Bk (93.82+£2.15)% , (83.23 +2.42)% Fi1 (8.63 +
0.84) %, RAKL I EZR B G ITHE X (F=1727.47,P<
0.001) ,Hr SL/PVA ?ﬂéﬂilf{f&}ifﬂ%ﬁﬁ?xﬂ ZH AN
PVA 2, 22 A geit 2 L (¥ P<0.001) (& 9) .
2.6 SL/PVA KT 4E I (1 (R S0 R P BEVEA

it B ZH 40 Jfd TNF-, IL-8 A1 IL-1@ - 34 %¢ S 5k JiE
ARk 16.31+1.31 21, 12+0. 63 F1 23.42+1.49 8%
W4 4 3k 67.02+1.70,78.89+1.33.59.74+1.22,
PVA 2043 58 65.03+1.69 ,80.56+1.29 Fil 57.41 «
1.83,SL/PVA 4143 5|2k 20.21+1.40.29.89+1.50 FI
25. 77« 147, BRI 2w A gt % L (F =
530.90.977.90.239. 60, ¥] P<0.001) , H q: SL/PVA
2 TNF-a \IL-8 Fil IL-1B - ¥4 %% 5t 5 B 35 B B AK T 5
ZHEA PVA 21, 22 R WA gt 2 5 L (1 P<0.05)
(& 10),
2.7 SL/PVA 9K 25 4 R 1R T R Pk e PFAG

WALG S 7 K, X 4]l PVA 41 Fil SL/PVA 4 45
AR P53 3 50 Ry 2(2,3) \3(2,3) F1 1(1,2) 47, 45 i
NI PESr o 51 3(2,3) \3(2,3) L 1(1,2) 41, Bk
Foi 22 S ¥4 it 22 8 X (H=11.35.10.36,# P<
0.01) , HHr SL/PVA 2 K Jif 3 43 F0 78 1L 9F 43 ¥ 4% T
XTHRZH AN PVA 4, 22 R A Geit 7 2 X (34 P<0.05)
WS 14 K, % R4 PVA 41 f SL/PVA 4 25 ik
3230 2(1,2) (1.5(1,2) F110.5(0,1) 53, £5 i
FEIMPE 4 2(1,2) 2(1,2) #0(0, 1) 43, Bk

i PVA 4] SL/PVA 4L

PI SYTO 9

il

——i i
40 pm 40 pm 40 pm
[ [ — —

B9 SAMNMERCHEFREMEERITH A SHE/SERIOER QAU (PR =40 um)

40 pm

2z S WA S H#3 X (H=9.81,10.36,1 P<
0.05) , Hrr SL/PVA Z17K i ¥ 43K T 4 B 50 il 3
SHIRF X AR PVA 41, 22 R 3A Geit 24 L (3 P<
0.05) (& 11) .

BANE - s R ER, EHJEH 7 X SL/
PVA 25 BT 4 1 41 i 32 i 45 % B8 4 B 2 ek 2, %
B 41, PVA 4] f1 SL/PVA éﬁxﬁélﬂﬂ@%‘fiﬁﬁ]?@
(285.7+7.0) .(289.7+6.7) Fl (131.0+4.0) 1~/ FL1BF,
MAKI B ZE R A Gt % E X (F=671.80,P<0.001),

FOrp SL/PVA 414 Y 40 M %5 B B A T o i 41 A
PVA 4, 2 S ¥4 Gl 23 X (¥ P<0.01) (K 12)

3 it

UTAFK , IR R TR 5 ST T BT ) fiE fb
AP R H R H A K. M B gt Afl Bl R
AR B A ) SRR B 5 HR S5 03 16 S A0R B SRy
ﬁ o BT 00 A 1 AF Bl . 25 B S A IR R E

IO, T A 58 4 5 A5 WD AR n PV A S B LA IR AT 1Y
ﬁiﬂ%ﬁ%ﬂi%*ﬁ”ﬁ@ Bk = [ A 15T A AL BT R
e ME DL 2 BB B R Y L KRR AR — R
REBREEY, N EE B RESHA SR A
HY L35 BR BE 15 B I P, 1T 4F R £ 44 1t D E R 2 21
TRMR 2Rz RE T BA IS AR
[z 5 A PCL 25 0] w25 3 it v, nl 2 28 32 TH 4 6 1Y
ROS 35 BR &K%, I A3 &40 ) SRR P 710 43 o AELAE

80 |-

60

A (%)

20 |

0 I

X HE 2 PVAZH SL/PVA £4

(B)

GOTORE A OTOR IR B &

HMPATE R LB F=1727.47,P<0.001. 55 SL/PVA 41 L4, " P<0. 001 (F [ EK J5 225047, Tukey 54530 =3)  SL: BRI ARIE;PVA. KL

I 5 PL AL Y E

Figure 9 In vitro antibacterial activity of different treatments against S. aureus A: Representative staining images of live/dead S. aureus (scale

bar=40 pm) Green for live; red for dead B: Comparison of bacterial survival rates among different groups F=1 727.47, P<0.001. Compared with

the SL/PVA group, “P<0.001; (One-way ANOVA, Tukey test; n=3)

SL: sulfonated lignin; PVA: poly(vinyl alcohol); PI: propidium iodide
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Figure 10 Comparison of M1 polarization-related inflammatory cytokine expression in macrophages among different groups A: Representative

immunofluorescence images of TNF-a, TL-8, and IL-18 (DAPI, scale bar=10 pm)

Green for target proteins; blue for cell nuclei B: Quantitative

comparison of mean fluorescence intensity of TNF-, IL-8, and IL-13 TNF-a: F=530.90, P<0.001; IL-8: F=977.90, P<0.001; IL-18: F=239.60,
P<0.001. Compared with the SL/PVA group, “P<0.05 (One-way ANOV, Tukey test; n=3) PVA: poly(vinyl alcohol); SL: sulfonated lignin; TNF-a:

tumor necrosis factor-a; IL: interleukin; DAPI: 4', 6-diamidino-2-phenylindole; MFI: mean fluorescence intensity
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Figure 11  Rat subconjunctival injury score of different groups at different time points after modelling A: Representative images of
csubonjunctival injury on postoperative days 3, 7, and 14 B: Comparison of conjunctival edema scores on the 7th and 14th days after surgery ~7th day:
H=11.35, P=0.003. 14th day: H=9.81, P=0.007. Compared with the control group, “P<0.05; compared with the PVA group, "P<0.05
(Kruskal-Wallis H test, Dunn test; n=6) C: Comparison of conjunctival hyperemia scores on the 7th and 14th days after surgery 7th day: H=
10. 36, P=0.006. 14th day: H=10.36, P=0.006. Compared with the control group, “P<0.05; compared with the PVA group, " P<0. 05 (Kruskal-
Wallis H test, Dunn test; n=6) SL: sulfonated lignin; PVA: poly(vinyl alcohol)
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Figure 12 HE staining and inflammatory cell infiltration analysis of subconjunctival tissues in different groups on post-modeling day 7 A:

RPN N2 BE (A>T )

Representative HE images of conjunctival tissues  Obvious inflammatory cell infiltration was observed in the control and PVA groups, whereas reduced
infiltration was observed in the SL/PVA group (scale bars: 100 wm for top line; 50 pm for bottom line) B: Quantification of inflammatory cell infiltration
F=671.80, P<0.001. Compared with the SL/PVA group, “P<0.001 (One-way ANOVA, Tukey test; n=3) SL: sulfonated lignin; PVA: poly(vinyl
alcohol)
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