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particulate matter (PM, 5) through regulation of the NOD-like receptor thermal protein domain associated protein 3(NLRP3)cysteine
aspartate specific protease—1 (Caspase—1) signaling pathway. Methods Mice were randomly divided into blank group (NC group, 10
mice) and modeling group (30 mice). The modeling group received topical instillation of PM; 5 suspension (5 mg-mL™) in both eyes

for 28 d to establish the model. After successful modeling, the mice were randomly divided into model group (PM, 5 group), Chufeng
Yisun Decoction group (CFYSD group), and NLRP3 inhibitor group (MCC950 group), with 10 mice in each group. The CFYSD group
was administered Chufeng Yisun Decoction (7.3 g-kg™) by gavage, the MCC950 group was administered MCC950 (10 mg-kg™) by
intraperitoneal injection, and the NC group and PM, 5 group were administered an equal volume of distilled water by gavage. After
28 d of administration, the tear secretion volume, tear film breakup time (TBUT), and corneal fluorescein staining score of mice in
each group were measured, after which samples were collected. HE staining was used to observe pathological changes in corneal
tissue; ELISA was used to determine serum levels of reactive oxygen species (ROS), malondialdehyde (MDA), and superoxide dismutase
2 (SOD2); and Western blot and qPCR were used to measure the protein and mRNA expression levels of NLRP3, Caspase-I,
apoptosis —associated speck —like protein containing a CARD (ASC), interleukin (IL)-1B, and IL-18 in corneal tissue. Results
Compared with the NC group, the PM; 5 group showed decreased tear secretion volume, shortened TBUT, and increased corneal
fluorescein staining score (P<0.05); increased serum ROS and MDA levels and decreased SOD2 level (P<0.05); and increased protein
and mRNA expression levels of NLRP3, Caspase—1, ASC, IL-1B, and IL-18 in corneal tissue (P<0.05). Compared with the PM,s
group, the CFYSD group and MCC950 group showed increased tear secretion volume, prolonged TBUT, and decreased corneal
fluorescein staining score (P<0.05); decreased serum ROS and MDA levels and increased SOD2 level (P<0.05); and decreased protein
and mRNA expression levels of NLRP3, Caspase—1, ASC, IL-1B, and IL-18 in corneal tissue (P<0.05). HE staining results showed
that the corneal tissue of mice in the NC group had clear structures in all layers with no abnormalities; compared with the NC
group, mice in the PM, 5 group showed proliferation of corneal epithelial cells with disorganized cell arrangement; compared with
the PM; 5 group, mice in the MCC950 group and CFYSD group showed marked improvement in corneal structural integrity and cell
morphology. Conclusion Chufeng Yisun Decoction can increase tear secretion volume, prolong TBUT, and alleviate pathological
changes in corneal tissue in a mouse model of PM; s-induced dry eye. Its mechanism of action may involve inhibiting oxidative
stress and activation of the NLRP3/Caspase-1 signaling pathway, interfering with NLRP3 inflammasome assembly, and reducing the
maturation and release of pro—inflammatory cytokines such as IL-1B and IL-18, thereby regulating the inflammatory response and
ultimately alleviating dry eye symptoms.

(Keywords) dry eye disease; PM, 5; oxidative stress; Chufeng Yisun Decoction; NOD -like receptor thermal protein

domain associated protein 3; cysteine aspartate specific protease—1
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ondialdehyde, MDA) %A L1 {1 2 (superoxide
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Table 1 Primer sequence

ZFR izl 4K E bp
NLRP3  IE[ TGGCTTTCACTTCAATCCACT 113
JZ I CCTCTTTGGCCTTGTAAACCAG
ASC 1EJi] AAGCATCCAGCACTCCGTCCAC 91
2 Il CAGAGTACAGCCAGAACAGGACAC
Caspase-1  1E[i] TCCCAGTCAGTCCTGGAAATG 237
2] ACAAGGCACGGGACCTATG
IL-18  1E[i TTCTCCACAGCCACAATGAGT 189
215 TGAAATGCCACCTTTTGACAGT
IL-18  IF[i CCGTATTACTGCGGTTGT 142
J215) GGCTGCCATGTCAGAAGA
B-actin  1E[1] TACTCCTGCTTGCTGATCCAC 223

S 1] ACATCCGTAAAGACCTCTATGCC
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LAY, WG H AR ] LSD—1 K6 ; 757 25 A8 5, U]
] Dunnent T3 ¥, K36 /K#E @=0.05, LA P<0.05 K
ERAGIFE N,
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5 NC AL, PM, s HIHW 3 Wit (P<0.05) o
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B8N (P<0.05), TEILE 2,
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5 NC 414 PM, s 2H TBUT 455 (P<0.05), 5
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*x2 BAHNDMRBREDPELLE (x+s,n=10,mm)
Table 2 Comparison of tear secretion volume

among mice groups (x+s, n=10, mm)

x4 BHNMRBERLRBITDS LR (v45,0=10,77)
Table 4 Comparison of corneal fluorescein staining

scores among mice groups (xxs, n=10, score)

25 THIR S Wi 25 RGP
NC 41 7.59+0.77 NC 4 1.80£0.92
PM, 41 2.09+0.31% PM, 5 41 12.60£1.90%
CFYSD 41 4.4450.60%* CFYSD 41 6.40+1.43%

MCC950 41 6.24+0.56* MCC950 41 430£0.95%"

.5 NC 488, *P<0.05; 5 PM, s #H HE#,#P<0.05,,

PM,s #H % ,CFYSD 2H \MCC950 #H /)7 R, TBUT %E
K (P<0.05), LK 3,

#3 K4H/E TBUT LbE (34s,n=10,s)

Table 3 Comparison of TBUT among mice groups

(x%s, n=10, s)

5 TBUT
NC 41 8.48+0.50
PM, s2H 1.83+0.20%
CFYSD 21 3.52+0.19%"
MCC950 £ 4.29+0.69*

. 5 NC 4 %8, *P<0.05; 5 PM, s 4H L8, *P<0.05,

33 JBHMRAERKLERITHILE

55 NC 41 b4, PM, s 41/ BUF IR G £ 3 [
I ARG 0 TH (P<0.05) . 55 PM, s ZHIE
A, CFYSD 2 MCC950 £H /)N B A I e (6 Y0 [l 4 /)N
FEDECY EIF I AR (P<0.05) . TEULIE 1.5k 4,

NCHL PM, A

£

hS -

CFYSD4

B1 SHENRARELREE

Fig.1 Comeal fluorescein staining images of mice in

each group

3.4 FHHENBMEHE LEBER

NC 20 /N ERUA 45 )22 25 R 8 T 5 3, b 12 4 i
SRS AR R BEZE ST )= N B 4
MR G OI5) B IER . 5 NC 4 HH, P, s ZH/)

.5 NC 4R, #P<0.05; 5 PM, s ZH HL#R, P<0.05,

BRAF S L R 20 i S R A S 3 A, A HES 2L, )2 IR
SRNG5S PM, AL HES, CFYSD 41-5MCC950 4
/N B A T 4 S B M RN AR BT S 29 BT el , 4 e
HEZ AL | FRE T Bz 45 s . TR OLIET 2,

NC#H

B2 &ANRAEHE LEE(x400)
Fig.2 HE staining images of corneal tissue of mice

in each group (x400)

3.5 HH/NRINFE ROS,MDA SOD2 7k FLb %

5 NC 41 48 ,PM, 5 411M05E ROS MDA 7K T
55,S0D2 /K FIE(P<0.05), 5 PM, 5 2H 4%, CFYSD
20 5 MCC950 4 IfiL i ROS MDA 7K 3F T % ,SOD2
KT (P<0.05), TEILFE S,

R5 HANMRIMF ROS,MDA,SOD2 7KF b5 (x+s,n=10)
Table 5 Comparison of serum ROS, MDA, and SOD2

levels among mice groups (xxs, n=10)

415 ROS/(IU-mL")  MDA/(nmol-L")  SOD2/(pg-mL™)
NCZl  333.70£23.99 243035 165.91:6.85
PM,s 4]  678.60£61.57%  10.09+0.54* 109.81+12.17*
CFYSD 4]  533.90:21.35*  5.06£0.71%  131.40£15.02%
MCC950 4 539.10£33.61%  4.16:0.31%"  143.71x21.85%

.5 NC 4 #8, *P<0.05 ;5 PM, s 4 b %8, P<0.05,

3.6 FHH/NRAIRELR NLRP3, Caspase—1,ASC,
IL-1B.1L-18 EAFRIAKELLE
5 NC 4 ke ,PM, s4HNLRP3 \Caspase—1 ASC
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IL-1B IL-18 £ [ F A 7K T (P<0.05) . 5 PM,
ZH L%, CFYSD 405 MCC950 41 /)N B NLRP3 Cas-
pase—1 ASC . IL-1B IL-18 % [ F ik K FEFEAE (P<
0.05), UK 3.%6,

%

#
B P
é—j& & &

¢°@%

NLRP3 110 kDa
Caspase-1 45 kDa
ASC 22kDa
IL-1p 31kDa
IL-18 22kDa
B-actin 42kDa

3 KBRANRBEIEHAL NLRP3, Caspase—1  ASC IL-1B,
IL-18 EEE&THE
Fig.3 Protein banding diagram of NLRP3, Caspase-1,
ASC, IL-1B, and IL-18 in corneal tissue of mice in

each group

37 HHEMNRARAL NLRP3, Caspase—1,ASC,
IL-1B.IL-18 & mRNA FikKFELL i

5 NC 2 He 5 ,PM, 5 #H NLRP3 Caspase—1 ASC |
IL-1B.IL-18 mRNA Ay AT (P<0.05), 5
PM, 5 41 HbEE, CFYSD 415 MCC950 41 NLRP3 ,Cas-
pase—1 ASC IL-1B IL-18 mRNA kK F-FEIK (P<
0.05), W&,

4 1+ig

TR AAIE AR A AR A T A S
PIASoR o 2SR, Ja b B P RAE B AR A
E B, O N 2 A, Z R AR R R
JE SRR RGBSR, TR, TR
BN T RSN R A BAT SCHRE , Hf—— X R, 40
SR TS IO R ERIE | PRSI s ZU A SR SRR A XL
N5 28 S5 YA S, 23 T i Y IR i 1
SEITAFRMITE AP )

PM, s S — 35 Z2 b o3 | oHe DRI 35 1 45 57t 1)
2S5, HoRAR /) | FESR RO, 1 40 0k 4)
DB IRER , il eI I S5 45 L B RO Z A
AR AR AR 220 B2 ANTH IRASE P , s REALBRME: L JE HG:
PR TE A, HAh  PM, s WU LS 23055 |
HERF LA FY, 0] HEBIIRE , 25U
JRANEE 5 1 Bz 40 M PR SR AE L, 375 3 AR 3R SR AR L
WA AR Y AFPE RSN IS A N S S
UESE, PM, 5 B ] R AR L B2 A6 1 97
LRI REREAT , [RIRT 5| RN SRR I AAE RO, A
TS IR A A 2R SN AR i S 56 6 1
PM, s 00 A7 5 L Bz 240 i 18 e R 3 % 1) s i A7
VS (5 mg-mL™)  JF RS T HR /N B RL, T 52
PM, 5 45 THIR DI RE | IR R 4 R 47, Hopi Az

R6 HBAMNRFBEEAR NLRP3, Caspase—1,ASC IL-1B.11-18 B AFKFKFELLE (x2s,n=3)
Table 6 Comparison of protein expression levels of NLRP3, Caspase—1, ASC, IL-1B, and IL-18 in

corneal tissue among mice groups (x+s, n=3)

25 NLRP3/B-actin Caspase—1/B—-actin ASC/B-actin IL-1B/B-actin IL-18/B—-actin
NC 241 0.03+0.05 0.04+0.02 0.03+0.05 0.04+0.02 0.05+0.03
PM, 541 0.39+0.03* 0.44+0.03* 0.43+0.02* 0.39+0.04* 0.40+0.05%*
CFYSD 4 0.30+0.04** 0.33+0.03** 0.33+0.02** 0.28+0.02** 0.29+0.05**
MCC950 #H 0.23+0.04** 0.24+0.03** 0.25+0.02** 0.17+0.03** 0.19+0.04**

. 5 NC 4H i, #P<0.05 ;5 PM, s 2H 8%, #P<0.05,

x7 BANRAPEHLR NLRP3, Caspase—1 ASC IL-1B,1L-18 mRNA FikKFELE (x+s,n=3)
Table 7 Comparison of mRNA expression levels of NLRP3, Caspase-1, ASC, IL-18, and IL-18

in corneal tissue among mice groups (x+s, n=3)

5 NLRP3/B-actin Caspase—1/B—actin ASC/B-actin IL-18/B-actin IL-18/B-actin
NC 41 1.010.05 0.93+0.18 0.88=0.11 1.15£0.28 0.97+0.13
PM, 54 7.100.39% 12.1321.04% 10.61+1.04* 9.68+1.43% 14.2621.16*
CFYSD 4 3.58+0.24%" 7.42+0.61% 6.670.95%" 5.370.62% 7.65+1.13%
MCC950 41 2.3120.13% 3.62+0.58%" 3.540.31% 3.50+0.46% 3.48+0.32%

.5 NC 4R, #P<0.05; 5 PM,_s 4 3L, "P<0.05,
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