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ik 2 B, IR THRSE /D L A MMP-9
5 TNF-a #3511 55 M)

HOE PR, T,
(REFEARXFWEERRAL PG, /24 010050)

WE HBHH  AWEED A TER TR (S SR <30%) A B NS SR B A 25 0A IR A 8 T IRE (DED) /M R
FEHY ARG AR 2 B, T MR VR Q0 R 4% DED /)N BRUFA B 25 57 4 T 2 11 6 9 (MMP-9) F1 g SR AE Xl F o (TNF-0) [ 35 K-,
% C5TBL/6MERL 50 H, 10 HU/NER R A 4 (25 14, oAy 40 /N FUR TR 3R 58 (25 RO <30% ) B G J B 9 SRR AR B
F 5 S DED /N BRUERY , 43 50 BT /0N BRIEA T FERIH R 4300 S 90 (SIT) | TH B 2405 (0] (TBUT) Al A B G R Y (3153 (CFS)
RN, B 2R PEAF A T BAR UE B /N AL, T REHL A B2 (B Z) (C 4L (PBS ) DAL (4L B, 4L , 25 ALBIEE 0.7 14,
21 KX AL/IN R BEAT TBUT SIT  CFS B A AR AE R BE A 0PAL , DA% AR B 2 A i A= R B, T IR VTR YT DED Y7 Ak, 259 Ak B
21 dJa , R FHSHENE F 220 58T /N BROT IO B2 40, AT HE Y (0 W88 45 41/ BRA BREAH 2L T 38 2% A8 Ak ELISA JE M e sie 21
LUk e o I 4521/ B AL 2 MMP-9 B TNF-a () R5K . S55R TR (55 SR <30% ) A i T RS R IRR AR
B S DED /N LAY DED A& 48R (048 4k - SIT W3 /> \TBUT 35 45 58 A I 96 e 2 e i & CFS 2 .3 THi (P<
0.05), FH] DED BER i Th ST, #: 30 HDED /NRAZL . DED B EE ST il Th H AR UEAT 254 Tt , B4 .C 41 .D 412 (8] TBUT .
SIT D2 S YL B M CFS 22 3908075 B .CA DA/ 15 A 4L b4, SIT /> \TBUT 46 % AR DG & s e
B AT CFS B8 , B4 T8 AR 1022 A G248 L (P<0. 05) o Z5¥)F 1R , D41 (4E R B, 40 & W6 Fn /0 3l 5 B4 . 41
L4 - SIT B 1 I  TBUT & 35 A< AR5 G R S el b | f IR i 22 , 5O R AUl CFS BRI, H =S IR Gl L
(P<0.05), ELISA Fifpg gl 8k 2 de (25 1 Bon . 5 A dUAH HG, B 2T C 41 A B2 20 MMP-9 T TNF-o0 1) 3 15 40 35 5 35 T
15 (P<0. 05) 5D 20 ff1 41 20 Fp MMP-9 I TNF-o B2 15 448 B 20 R0 C 23594 B F BT 48 A 475 (P<0. 05) . 4538 MMP-9 J%
TNF-o W Fp 5 E K 73592 5 DED W &AL Kk J . 4 2K B, IR VT B 1 (2 o A 8 L s R IR RS RER . 4EE B,
17k ARV T B 2 B AT/ R L 2L R MMP-9 B TNF-o 9 #3055, 0 IMTH Y203, S0 TH A R4 ) ], ok 2 £ Mo 6 2 0 4, ik
A IAE KN, NTTTIA EIIRT7 DED 1 H (1

A T AR ; MMP-9; TNF-o; 44 25 B, T IRV ; 2 9E A B

FESES R777

XEFRER A XEHS 1000 - 1492(2026)03 - 0424 - 08

doi: 10. 19405/j. cnki. issn1000 - 1492. 2026. 03. 006

TFHRAE (dye eye disease, DED ) &35 H 45 5 RS OR A TR AR DED 57,

B TH WP B S TH AR UE PE T R RS R R
FeaMEN . PIRREFPRTARFE R 2 20K DED 404
3PP TH IR S WA FE i R AL RIR A A
1RA 5 DED /2 R I f % W% DED, Atk , AR B 5%
TR B B0, TR IR B R KR 1 S SR R

2025 - 12 - 08 1k

FETH - H K A AR ST H (445 :81460090) 5 N 571 A IR X
PA AR YT PARME R H (445 :202201332) 3 4
Sl A X A SR B2 IE 400 H (445 : 2023LHMS08005) 5
PN Sy B B R 2 v A 3 A O R T S S e H (S
5 :NYJXGGSJ2024008)

T P O - o 1 o 3 o A
BIEEE , L, W, 0 AR S 8 (5 /E , E-mail:
nmghhzhx@163. com

YEIE 3R B, £ DED IR I AE VR R AR ok %2
B . A HEFR, 484 R B, i R AT R o 4
TR 378 A 15 A R R UL A 30 =5 SR O, 3 m
TH VR 3 s £, 0 7T 22 Mok A0 98 57 R85 1 T MR AE AR
Yang et al V#2344 K B, 1L iAI7 DED B, 7E 2K
SRR FAAE D7 TH A 35 RO, J0 R TE 4 v TH
Tl SR8 RF R0 11y J5E - B A8 52 07 ThT 26 3 S AR X 45 5 )
YERT L UESE T 4842 3 B,, 76 DED AHSC A1 i _E 2450
B2 RIAE T o AT Aok, R 3l W S 56 il R AT
FEP AN DED J& DUIR 7 A= S GE A B A AL I 1
SRFHE IR BT , SARE SN DED A5 1Y e 4
Bl . Hor, 3 574 J& 4 i 9 ( matrix metallopro-
teinase-9, MMP-9 ) Fl1 I SR ALK F o ( tumor necro-
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sis factor-a, TNF-a ) and 5 DED [ %& 9% 15 #2235 V) A
Ko B, AW R 44 K B, 1 IR X DED
/N JIES MMP-9 A1 TNF-o0 26 35 1 5201

1 #M#57E

1.1 SLEHYHTHEFBRFEGE  HPEC57BL/6
/NELS0 H, 6 ~ 8 iy AR 18 ~ 22 g WHFSEIIN],
JIT A 5256 sh Wy i 3 TR IR AR (£ 22 ~ 25 °C),
12 h W5 42 28 (AM 8:00—PM 8:00) ., AHFFT L N
5t BE R R 2 B i e e s 2 A0 B 2 B 25 Ik v (fR 3
HEAESS 1 YIS2025053) , ASBHF 5% FT i B 1) BT A S 56 7
B KA PRI G R R E )

1.2 FEIZHRFIRMNE KESMAIRREEN
F gz SO AR e A PR B 44 2K B, T
IRV L H A 2 K 25 B2 =) TH ke 0 A 214
2k DR HNIR RIS I RLC W A R HES AR I &
AR T, YT MMP-9 £ 5a i i il TNF-
o Z s REPUA N B R EA Y TRA RAF,
/B MMP-9 1 TNF-a ELISA iR 7] £ 1 [H 3R B
AR BR A 7] IR B T AR A0 A i A=
YIRS F) 24 A 011356 14 H H A3
J# (TOPCON) /A Al , BB 8% Fr AL LV1 4140
BN B 8 E kR A2 B 3 A 85D 7 HLS700 14
H BN S A B A FRA F

1.3 EWH*E

1.3.1 i $ DED & #p £ & 50 H {d 5 i
C57BL/6J /MR, THEIRIAEE (12 h IR A i 3 s vh
T PR IR 1S REALZEER 40 FUR AN TR
TR BT (25 IR E <30%) BEA 2 F ST SRR AR
K (0. 5 mg/mL, & 0. 5 mL, TID, #2523 ),
PR A A DED LAY Hogx 10 RAE s 4 (A 4,
n=10) & F 1E 592 B 5 (8] v 1F 5 ) 252 Rl g s
Je , AT A 7N BRI FE AL TH 53 0 9258 (schirmer |
test, SIT) . VHJIERY Z410) 8] (tear break up time, TBUT)
F A 9 G 28 L 8 1 43 (corneal fluorescence stain-
ing score, CFS) , §ifi 176 1 A5 5l D) 19 /N FROA 4, A AL
WEH TBUT<(2. 50. 5)s .CFS=121" "%,

1.3.2 Zxahypoa EE)E RIE LR AR
WEZEER 30 H DED /N RABEHI A AL, Bl HLSY M 34, 43
Sh B4 (BERIZH , n=10) .C 41 (PBS41,n=10) .D 41
(VitB,,4 ,n=10) . A B IE# MR, AL AL Ak
5 C.DZH 5 W HH PBS Fl4E A & B, i IR O IR VA
I7 3097 21 d S AR FEAS AL/, B B4l 21 054 T HE

PG A A/ N R A IR SUE S 25 5 R
ELISA Fl 052 2H 4k e o 4G T 45 20 /)N BRI 2
21 MMP-9 & TNF-a By 2635 7K,

1.3.3 SIT%%  hF/NREA KA, Ho & mrk
HUIE I 1 5 4% 7K A A5 (0. 1 mI/10 g) BRI/ R 5
P T 70N BRU5 IS 2 i /DN SR P M 21 AV e A i TH
Wi, A FRBRIF/NR T, 4 FH 5t
Je P — AR LR LR BUE T RIS A 1/3 S5,
B J5 - 3h P A/ BRUHR IG , 3i 15 s, OB B 2T A 2k
FHE bR R RO 2 B 2145 2 b 2 66728 S 21 6838 4 1
B B R TH W 53 0 i, B A 220K (mm) L 4 39K,

BOE4EIE 5% .
1.3.4 TBUT 4k B35, 80 4/ BABAL Tk

BEAR 2 , A7 P55 R AN IR B AG A 1 4G e b 24
BEERK , A FRBEHIF/NRTIG B 2Ot R YA
TGS REEE DY, F sl 0/ BRUBE B 20K, 99O R
FEFME E B 5005 K/ BUE T 24T B MR
SRR/ BUR BG PA A |, Bl J5 - sh 9T IR IS , i 2051
BF, UL A S H0 AR — A SR B A (], B A 7H A
R[], B D (), T 3 Uk, BOP S IE 58
1.3.5 CFS 4k LD BRIE , w R/ BRATO Ak T RR T
PR FERLBRT B ACE N R AR S /N BRUAR RS
JEFE Y IE O, F G SIS, AR R R — AP
4%e 2% Pauly et al” (P43 J7 1k ¥ A B2 00
AR AR SA R I L F 0~4 53,4
NGRS 1650 PP RN F R (R 1),
F1 RETERLETHTE

Tab.1 Grading criteria of corneal fluorescein staining

CFS score Corneal staining

0 Clear, no staining
1 Minor staining, fewer than 30 lesions

The number of staining dots exceeds 30, but they do not

2

form a continuous pattern
3 Diffuse staining, no patchy staining
4 Patchy staining

1.3.6 #MEB#EmA F#ITHERE 4% ZEKH
T ] 7 MR K 5 4 A A I 3 34 P VRS K 5 T
VEE RS R B BT TR R &R
2,55 o RN, 25 JOR BEIRS (R —11%) 5
PBS iR ¥ ; Frer de a0k BEE RS (lk—m) , —H
AW T R I R

1.3.7 SeimuiteFie BikKik;3%idE 1k
SUR IR NI s DU B TN 5%BSA £ A
WK U) cE TR E T, PR & T 37 K
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By 1 20 min FEATE A —HOBER ; ZHUREE s T
DAB 2 {055 5 TR AN YL 4 5 1% ERRRWRG 70-4k ;s ik 5
TR o
1.3.8 ELISA %% #7207 21 d I abst+s
H/NEIFBUR /I, 241 104, A A 500 pl PBS
) EP 49,4 °C,1 000 r/min E.L> 10 min BUETH
Gy B RRE AL R EEAREL

JIRE 5 PR s AR P R —BuARAR i TAEW ; VeAR ;
JIHRP-5585 REFZ VM ; 3,37 ,5,57 -0 H SEHK
R ( tetramethylbenzidine , TMB ) {2 (4 IC 4 5 24 AR 1fE
AL S B Sl P Ao BB, BRI s 1 4% 1k
SL S, T EEALINA 50 ul 52 2K 1k ¥, B v
W e 37 RV Shy o €0 5 0 ek YR A
1.4 SitF4E R Image] UG BT /A58
GEH A Qe A K . R M GraphPad Prism 9. 5
AR B R BT 2 BT A5 IR AR AT 1 B LA 1
(H PRI () T o 241 [R] FLACR FH PN 20 22
O3 AT A2 T 25 57 MR Turkey S5 K2 50 64740
] Z 8 L0 55 ; 45 7 22 A 57 R H Brown-Forsythe FI
Welch ANOVA K560 E 4795 1E , 22 41 18] 9 4 EL 4R
Dunnett ¢ #3677 8 BP0 . SRR =07 2247
BT LLER 25 21 (R AE N [R]R R] 0 i 25 570 ZEAR RS
PL a=0. 05 MK 56 K HE , P<0. 05 KR 22 A1 G

2 #R
2.1 FTREAEHREGSERBEEEHRIFESDED /MR
BFERNMERLTEN SA4HAML,BH.CH. DA

SITFI TBUT Y45 %5 , CFSH N, LA B &5 br i 2= 5+
WA G L (P<0.05) ;B4 .C41 . DA Z ] ik
B IHEAR I 22 I TS24 L (P>0.05) (% 2) .
AL FAIEVE 52, R L3 B F R G A
BAL .CH4L . DA MBI NZR AT W& A, A0

iy (K1) o

2.2 DED#XISIRHITH ST

2.2.1 SIT%¥  A[EIESE] SN Feds . D 4 SIT &
A

B

*2 HSDED/INRERMHRRITEMN (x25)
Tab. 2 Efficacy and evaluation of induced dry eye syndrome

mouse models (T+s)

Group SIT (mm) TBUT (s) CFS

A 8.42+0. 43" 5.48+0. 22" 0+0 *¢
B 2.72+0. 37" 2.46+0. 32" 13. 70+0. 95
C 2. 65+0. 36" 2.40+0. 17 13. 40+0. 84"
D 2. 66+0. 20 2.38+0.21" 13.10+1. 107
F value 672.0 286. 3 637. 1

"P<0. 05 vs A group; *P<0. 05 vs B group; ¢ P<0. 05 vs D group.

BRI, 2 AN R B T) A5 L, BR AR BEES 7 K 54 0
KICZEHIA8 , 451 [R] £ 5 B ALAN C 38 T, {5 i A 8
i A, H2E R A Gt e# 8 L (P<0. 05) 5 B2 SIT
FRALIES 21 K555 0 KA 25 540, HoAth B ] 505 7
Hei e TS TR L (P>0. 05) 5 A 41 C 41 SIT
SRS ZH AR B, 22 S 3 T0 G225 L(P>0. 05)
(EL3IMAE2),

[ — Bsf [A] A5 AL [R) b4 - vy mil, B4 .C 41 . D4
ZIE) SIT 2 R T4 it22 2 X (P>0.05) 5 5 A41AH L,
BZH . C 4. D414 i ] 5 SIT ¥33a /0 (P<0. 05) ; B &
RIFIR  ZE K, DA SITERIBIF SR 7T RS CH R
TG SN AR A 0] 5 oAt 3 41 22 5+ 3%
At X (P<0.05),

3 FANMNRAERE S SIT (mm,x+s)
Tab. 3 SIT of mice in each group at different

time points (mm, x+s)

Group 0d 7d 14 d 21 d

A 8.42+0. 43" 8.45+0.30™  8.50+0.29" 8.25+0. 39"
B 2.72+0.37"  2.55+0.22"%  2.44+0.23™¢ 2.30+0.22"
C 2.65+0.36"  2.69+0.26"  2.61x0.26™ 2.72+0.49™*
D 2.66+0.20°  2.96+0.32% 5.60+0.35% 7.32+0.51%*

"P<0. 05 vs A group; *P<0. 05 vs B group; ¥ P<0. 05 vs D group.

2.2.2 AREAZE R (TBUT)  A[RIEE] SN
B A ZHZH P FER IR A 21 A 0 R i 4 d oh ,
A S N A R Y TS (P>
0.05) ; D ZHREE 1A Y7 I A RE4S , TBUT 32 ¥ 12 K
(P<0.05) ; BZHF1 C 20 N £ I [A] 4 Le 4, TBUT 224k

Bl EREEHMNARKERLE

Fig. 1 Corneal fluorescein staining of mice in each group after molding
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Fig. 2 SIT of mice in each group at different time points
#P<0. 05, " P<0. 001 vs D group.

AN, ZE R TG E L(P>0.05) (R4 F1EI3) .

(] — I [] i AL 1] LU 32 2 9097 i, B .C4H .D 4.
Z I8 TBUT 22 5+ o4 it22 2 X (P>0.05) ;B4 .C 41,
D 24 B 1] 5,40 3045 A dEAT LR, TBUT #4981 (2 46
M, 22 S G R L (P<0. 05) 5 45 i 1] 45 2 1]
LA, D 20 TBUT LbAH [ B 1] 45 B 41 1 C 21 34 4
KEMEBTA4, HERIHERITEE X
(P<0.05),

Fz4 BHNERAREBESTBUT (s, 7+s5)
Tab.4 TBUT of mice in each group at

different time points (s, x+s)

Group 0d 7d 14 d 21d

A 5.48+0.22* 5.15+0.34™ 5.10+0.36" 4.95+0. 37*
B 2.4620.32°  2.25+0.24°%  2.28+0.15™ 2.13+0.28"¢
C 2.40+0.17°  2.61+0.42"™ 2.4420.28™¢ 2.38+0.30™
D 2.38+0.21"  3.18+0.42"  3.66+0.27" 4.57+0.24™

"P<0. 05 vs A group; “P<0. 05 vs B group; € P<0. 05 vs D group.

6 =A
[ i Hh 4 =B
=C
=D
~~ 4 B
[:m/ o i
=) Hith i
[LE Hith i
2 -
0
0 7 14 21

Time (d)
B3 FHNNRARE R E 2R RS E
Fig. 3 TBUT of mice in each group at different time points
#P<0. 05, " P<0. 001 vs D group.

2.2.3 ABRERAELEEHENALIFS(CFS) A
2H /70N B35 A5 5 B 5 34 TE TR AL, A BT 42, T i

Yy, A TCHE N E G (0 BALA C 2H /)N BLAA I 4% ]
SO O A A I XA B FE R T O
BITHT, DAL S AA ML, MRS AR R, &at
21 d4EA R B IR BB YT 5, A IS 0 B A 4
He AUMBEE LA IR RO R A A, M
S(E4),

AN IR [R] 20 N LA - Bl 2 A2 R B, T IR VR
JPFE A SE R, D 41 CFSiZHiFAIK (P<0. 05) 5 A 4L A
B 4145 I [A] f AL N AR, 25 R R Ge T2 L (P>
0.05);CACFSERHE 21 REHORERARII¥E
AN HAth 45 B[R] A LA 22 R R X
(P>0.05)(F5FES5),

[ — Bsf [A] A5 AL IR) b - 3Ry mil, B4 .C 41 . D4
CFS Z A 22 5 et X (P>0.05) ,B4L .C4.D
HCFS W AHAM B, HERASIT¥E X
(P<0.05) ; 44 % B, IR IRYT J5 . DAL CFSBRES 7
K5 CHERTL 2 LA, HA 4 i ] 515 3
fib 3 4 22 A Ge it 2# B S0, B 4 B 41FN C 41 1%
1% B34 A 4155 (P<0. 05) .

*5 FBHMNRAERESRCFS (3+s)

Tab.5 CFS of mice in each group at different time points (x+s)

Group 0d 7d 14 d 21d
A 00" 00" 00" 020"
B 13.70+0. 95" 13.20+1.23™ 13.60+1.08™ 14.00+1. 33"
C 13.40+0. 84" 12.70+1.70"  12.20+0. 92" 11.70+1. 16"
D 13.10+1. 10" 11.90+1.52"  8.50+1.27"%  5.80+1.03™

"P<0. 05 vs A group; *P<0. 05 vs B group; ¥ P<0. 05 vs D group.

2.3 MEALANESETLK AAME LR
BRGSO S #5510 B 4R C 20 A1 B 1 B oK
Jier L 44 6 JEE 4 L 3R 2 b Bt A R A AN R )
YA, BRI R TP A B M R R . A L
Z N DA AR L R A MY AR I DR, R
HYUES T BALI C 4L, FIE b 5 K A
RIS A AR (E6).
2.4 faREALZH MMP-9 # TNF-o BRI L
2.4.1 ELISA 3% R 69721 dJa &4/
JIEEZH 20 MMP-9 ()3 B2 A8 AL 4N < D 20 MMP-9 (%)
JER BRI CAMIR TR B Ad R, ZRASR
T2 X (P<0.05) . B4L.C4l.D 4l M4
MMP-9 ¥ & 24155 A 21 75 (P<0. 05) 3 B 41 H1 C P41 £y
fBE 2 41 h MMP-9 [ 2 55 T 48 it % B L (P>
0.05) (Kl 7).

1RYT 21 dJ5 25 4/ R 2 TNF-o R B2
ACUNTT - D 2 TNF-o ik B4 B ALRT C 41T R {0
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0d 7d

14d 21d

B4 BHNMNRARMESARELRLE

Fig. 4 Fluorescein staining of the cornea of mice in each group at different time points

20r =maA =C
OB =D
sk . s #ih
HiH s
210
Q
sth
H#itH HiH i #H#
0
0 7 14 21
Time (d)

E5 &HNEAARERERARELRAWREETS
Fig. 5 CFS of mice in each group at different time points

#P<0. 05, " P<0. 001 vs D group.

i Ad . 225 A G L (P<0.05) ;B4 .
C2H D 2H ffi J5 20 40 TNF-o 36 B 288 A 455 (P<
0.05) ; B AL C 5 21 £ JEE 2 2 v TNF-00 1Y 22 57 JC 58
TR L (P>0. 05) .

2.4.2 RBEMBMAFEELER GIEHLLE Y

A B

£ m] LK £ 520 23 i MMP-9 1 TNF-a Y 26 3k 17F
TR EANL E B EMEVEAG , FHYEPE ) Y kg B
@ (8).

5 AHAME, B4 C4H D 2H f I 4H 21 MMP-9
HITNF-o (1) 235 /K P2 B 3 18T (P<0. 05) ; 5 B 41
F1C LA EE , D 24 MMP-9 Il TNF-o (1) ¢ 35 7K -1 8
FRFE(P<0.05) 3 B 41 A1 C 4 2 [8) 4 L , MMP-9 FlI
TNF- o [ 3 15 7K °F 22 5 ¥ 0 48 it 2 & (P>
0.05)(#9).

3 itig

£ DED & R, HR 38 98 i (1) ARG 3 25 in
AL R AT DRk R e BEL R HIR 2 8 0 A
KR RAAREEE L, MMP-9 & —Fh 2 &
FH#F, 25T DED &4 K J€. MMP-9 RE4% 73 f
HEE 1 Bz 240 B 1 R 1, 0 TR A B I R S AL A
SR AR L R BEFRIRE! . 7 MMP-9 @B 9 /1N

C D

Be6 HAMNMRAEALHERE %20

Fig. 6 Hematoxylin and eosin staining of corneal tissue of mice in each group x20
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Fig. 7 Measurement of MMP-9 and TNF-a concentrations
in corneal tissue of mice in each group using ELISA

"P<0. 001 vs A group; " P<0. 001 vs D group.

SRR | g J6E I 7 50 1) R A e i B R AR, THR
SR AR DA . X R MMP-O RIS 5T
DED F3 Bt 72 | 36 AT 58 38 o £ k41 ff o 7 ik — 25
TR 2451477 ; DED H & R £ 41 24 TNF-o 7K -
FIE e, H KT 5 ™ R O A O
TNF-o 38 1 TG 22 Fh 58 0E 38 %, T 350IR 28 1 5 40 e
TG 928 200 B 1) 356 A, 1517 5 | 2 J 3B ARRE R o 3 o

A B

MMP-9

TNF-a

PE J AL 2B IR TH BR AL 20 15 % Thig , iR & 5
SH 530 /0 FTH RS e M T o

AT I — 4 ¥R T DED # & v MMP-9 Fil
TNF-o Rk E R . FERIAIL f A 40, MMP-
9 Fll TNF-a [ F ik S 2 (AL g hn , Hzs Fr 4l
FEE AU 20 rfr MMP-9 94 B2 2445 TNF-o0 5, iX $275
e DED 2, AT HE MMP-9 (1) 7 8 B 245 5 Bl G
M), b, 2dE & B, IR BGATT IS, MMP-9 il
TNF-o R BE A BRI, (HAT & T8 1A, X B I 4R
2 B, 17E A AA B 2H 28 MMP-9 1 TNF-o 19 34 J7 1
A —E PVE R A R Re LR & %8 1E 5 K, X
T B2 A AT gk A AR ML FHR R .

WAL, o gEE R B, T IR e B
DED /MUY 2 550 DED A OCHE A1 . 5 RS20 F1 PBS
AR, 2 4E A B, IR RIRYT /N, SIT B I 4
T CTBUT 8 3 4 K, A R 2% 't 25 4% €8 BH 4 DX 38 ik
L, CFS TR

Y B2 M HE— 2P UESE T 48R R B, ITRIT AL
o HEY 8 T 484 2 B, 4/ I T e
S AL [A] I, ELISA A s 2l 434k 2p e (a5
S, iZ 40 FA B 2H 400 MMP-9 FI TNF-a i 26 3k 12 40
AR B AR . i PBS 41 S5 AR BRI L,
MMP-9 1 TNF-o [ K K JLPIE 20 . XK,
YR B, T IR AT A8 38 2o R AIK f B2H 21 MMP-9
FTNF- o (1 2 35 8 28 i 1 MR R o AR 5t 3% B
DED 5 b R 77 78 SC Bk, T W B e/ 4 A4 % B,
% HR Y BB A% DR S A IO 8 A E 2 7, AT e 3
IRAEIR o 3 SeF5E 45 5 5 A S AR, B UESE T 4k

C D

B8 &H/NRMAIEELS MMP-9F TNF-o BIFRIEER %20

Fig. 8 Expression of MMP-9 and TNF-a in corneal tissue of mice in each group %20

The black arrow indicates a positive staining result.
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Effect of vitamin B,, eye drops on the expression of MMP-9

and TNF-a in the cornea of mice with dry eye disease
Dong Hui, Zheng Huacheng ,Wang Weiting, Zhao Haixia
(Ophthalmic Optics Center of Affiliated Hospital of Inner Mongolia Medical University , Hohhot ~ 010050)

Abstract Objective To investigate how vitamin B, eye drops regulate MMP-9 and TNF-a expression levels in
the corneas of dry eye disease (DED) mouse model induced by a combination of an artificially simulated dry envi-
ronment (air humidity <30%) and subcutaneous injection of hyoscine hydrobromide. Methods Fifty C57BL/6 fe-
male mice were used in the study. 10 mice formed A group (blank control) , while the remaining 40 mice were sub-
jected to dry eye disease induction through subcutaneous injection of scopolamine hydrobromide in a controlled en-
vironment with <30% air humidity. All mice underwent schirmer I test (SIT) , tear break-up time (TBUT) , and
corneal fluorescence staining score (CFS) evaluations. Mice meeting modeling criteria were randomly assigned to
three groups: B group (model group), C group (PBS control), and D group (vitamin B,, group). 0, 7, 14, and
21 days after treatment, each group received TBUT, SIT, CFS, and corneal inflammation assessments. Macro-
scopic analysis evaluated the efficacy of vitamin B, eye drops in treating dry eye. After 21 days of treatment, all
mice were euthanized via cervical dislocation and their corneas analyzed using HE staining to examine morphologi-
cal changes. ELISA and immunohistochemical methods were employed to detect MMP-9 and TNF-a expression lev-
els in corneal tissues across groups. Results In dry environments (air humidity <30% ), subcutaneous injection of
scopolamine hydrobromide induced changes in dry eye-related indicators in mice: SIT significantly decreased,
TBUT significantly shortened, corneal fluorescein staining increased, and CFS all significantly elevated (P <
0.05), indicating successful establishment of the dry eye model. A total of 30 dry eye mice were enrolled. When
the dry eye model was successfully established without drug intervention, no statistically significant differences
were observed between B group, C group and D group in terms of TBUT, SIT, corneal fluorescein staining, or
CFS. Compared with A group, B group, C group and D group showed statistically significant differences in re-
duced SIT, shortened TBUT, increased corneal fluorescein staining, and elevated CFS (P <0.05). After drug in-
tervention, D group (vitamin B, group) exhibited significantly increased SIT, prolonged TBUT, reduced corneal
fluorescein staining, clearer corneas, decreased fluorescein staining, and lower CFS compared with B and C groups
(P<0.05). ELISA and immunohistochemical staining results showed that compared with A group, B and C groups
exhibited significantly increased expression of MMP-9 and TNF-a. in corneal tissues (P <0.05). D group showed
decreased expression of MMP-9 and TNF-a compared with B and C groups but remained higher than A group (P <
0.05). Conclusion The expression of MMP-9 and TNF-a in the corneal tissues of mice with dry eye is elevated,
suggesting that both inflammatory factors, MMP-9 and TNF-a, are involved in the development of dry eye. Vitamin
B,, eye drops may improve the symptoms of ocular surface discomfort by promoting the repair of the corneal epithe-
lium. Vitamin B, eye drops may increase tear secretion, prolong tear film break up time, reduce corneal fluores-
cein staining, and alleviate the inflammatory reaction of the cornea by decreasing the expression of MMP-9 and
TNF-a in the corneal tissues of the mice, thus playing a therapeutic role in the treatment of dry eye disease.

Key words dry eye disease model; MMP-9; TNF-a; vitamin B,, eye drops;inflammatory mediators
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