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Abstract ; Objective ~ The objective of this study is to investigate the mechanism by which Runmu Ling Formula ( RML)
ameliorates ocular surface damage in rats with dry eye through activation of the LC3-ATGS autophagy pathway and inhibition of
inflammatory factor expression. Methods A dry eye model was established via subcutaneous injection of scopolamine
hydrobromide. A total of 60 Sprague-Dawley (SD) rats were randomly assigned to six groups, with ten rats per group; a blank
control group, a model group, an RML-treated group, an autophagy activator group, an autophagy inhibitor group, and an RML
combined with autophagy inhibitor group. The ocular surface function of the subjects was assessed using a variety of methods,
including corneal fluorescein staining ( CFS) scores, tear break-up time ( TBUT), and the phenol red thread test (PRTT). The
corneas were subjected to a comprehensive evaluation that entailed the application of hematoxylin-eosin (HE) staining and transmis-
sion electron microscopy. RT-qPCR and Western blotting were employed to measure the expression of autophagy-related markers
(LC3, ATGS5, P62) and inflammatory factors (IL-1B, IL-18, TNF-a). Results In comparison with the blank control group, the
model group demonstrated a significant reduction in TBUT ( P<0.001), elevated CFS scores ( P<0.001), diminished PRTT values
(P<0.001) , and augmented vacuolation of corneal epithelial cells. RML intervention led to a significant restoration of ocular surface
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homeostasis, as evidenced by substantial improvements in TBUT, CFS, and PRTT (all P<0.05). The transmission electronmicros-

copy revealed an increase in the formation of autophagosomesin the RML group compared to the model group. Mechanistically,
RML significantly activated the LC3-ATGS5 autophagy pathway, as evidenced by increased LC3-II/LC3-I ratios ( P<0.05) and

elevated ATG5 expression ( P<0.05). Concurrently, RML potently suppressed the expression of inflammatory factors TNF-a,

IL-1B, and IL-18 (all P<0.05). Conclusion The efficacy of Runmu Ling Formula in alleviating ocular surface inflammation and

injury in rats with dry eye has been demonstrated by its ability to activate the LC3-ATGS5 autophagy pathway and inhibit the expres-

sion of key inflammatory factors, including TNF-a, IL-1B, and IL-18.
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Table 1 Geneprimer sequences
HEH LR ekl P/ (bp)
LC3
F 5'-CGTCCTGGACAAGACCAAGTTCC-3' 112
R 5'-CAGGAGGAAGAAGGCTTGGTTAGC-3’
P62
F 5'-TGCCACGGTAGTTAAGTATG-3’ 38
R 5'-GTCATGCTAGTGTTGAGACA-3’
ATG5
F 5'-CCCTGAAGACGGAGAGAAGA-3’ 122
R 5'-TGCTGATGTGAAGGAAGTTGTC-3’
GAPDH
F 5'-AAGGTCGGTGTGAACGGATT-3’ 157

R 5'-TGAACTTGCCGTGGGTAGAG-3'
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Table 2 Comparison of TBUT in rats of each group (n=10)
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A WA ) 7R 20 5.30£1.49 1.50+0.85 """ 1.30£0.67"" 1.40+0.84 """

T E Z 5+ E LR 5.30+1.57 1.50+1.18 " 2.40£1.35""" 3.60+1.71 *H#a4
F/H 2.699 15.947 10.090 12.440

P 0.746 <0.001 <0.001 <0.001

. Sas {RIRH AR, P<0.05, ***P<0.001 ; 5HERIZH L, ™ P<0.01, " P<0.001 ; 5 A BEIMHIFI2H it , 44 P<0.01,
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S AN A B ETHE, ZF ARSI E XL
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(P<0.01), HEMIE T 2545 R R, 411H CFS
PEIF AR AT AE .3 22 57 (F 9 =23.80, P<0.001)
N CFS 1o BAT I (A 22 AL 3 (Fuyp = 90.50, P<
0.001) , HAM 5 T AT 5 A7 BAEH (Fapy g =
6.59,P<0.001) ., WL 1,23,
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Figure 1 Corneal fluorescein staining of rats in each group after treatment
A Blank control group; B;RML-treated group; C. Moisturizing Eye Formula group; D: Autophagy activator group;
E. Autophagy inhibitor group; F: RML+autophagy inhibitor group

F3 KUK EL CFS iP5 (n=10)

Table 3 Comparison of CFS scores in rats of each group (n=10)

215 TEASLHI HI70d RIT 7d 1RYT 14d

=S popiieti| 3.60+2.46 3.10+2.23 3.40+2.22 2.60£2.22

FEAIZ 3.20+2.04 9.80£1.69""" 9.90+1.85 """ 10.20+1.40 "

HER A 3.50+2.07 9.40+2.01*** 7.20+2.10 **** 7.10£3.00 ****

W 7R 2 3.00+1.94 9.10+1.79*** 6.50+2.07 "+ 6.50£2.12 """ ##

SRk ) 3.40£2.12 9.90£2.23 """ 10.70£1.34 """ 10.00+1.76 "

T H R 7+ EIEmilze 3.40£2.72 10.20+1.81°* 8.50+1.727* 4 7.30+1.77 AL

F/H 0.094 25.288 37.062 17.347

P 0.993 <0.001 <0.001 <0.001

L SE IRTIRA AR, 7 P<0.001 ; SR AR ¥ P<0.01, ™ P<0.001 ; 5 B WA 40 L4, 4 P<0.05,4* P<0.01,

23 HBRAXMTFRABERSDENTIN WA i 770 28 PRTT %8¢ [ Wi 00 il 550 24 4 25 T &5 (P <

WERHT, 44 KB PRTT U Z R RG22 0.001) (B MR 2045 5 R, 418 PRTT ()
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AN R B ERR, ZRYAEIEE L (P< PRTT HATHIAIZE AL (Fyy = 81.96, P<0.001) ,
0.001) ;3897 14 d 5, H R 7, AWEEOG A HARS TIATE AL EAE (Fapy o = 8-08,
PRTT 4RIl B % THE (P<0.001) i H R 5 +H  P<0.001), WK 4,

# 4 KAKE PRTT L (n=10)
Table 4 Comparison of PRTT in rats of each group (n=10)

4151 TEASLH RIT0d IRIT 7d IR 14d

25 FXT IR 9.60+2.76 10.10+3.00 10.30+1.77 10.60+2.76
BHIZH 9.50+2.72 2.40£0.97 " 2.50+1.18""" 2.80+1.14"""
HHERJTH 9.20+2.39 2.40+0.84 5.40+2.72 8.10+2.18 " **

H W 7R 21 9.40+1.65 1.80+0.79 """ 4.90+1.97 " * 9.00+2.16™

A A 7R 21 9.60£2.50 2.00+1.25*"" 2.20+1.03"" 2.30+1.06 """

T H R 7+ EIvEdilaze 9.10£2.33 2.90+1.10%"" 3.60+1.96"" 7.30+4,00 " #HAs
F/H 0.456 30.283 36.445 19.423

P 0.994 <0.001 <0.001 <0.001

. A FARTERA LR, * P<0.05, " "P<0.001 ; SHEEIZH AL, * P<0.01, " P<0.001 ;55 [ Wt i 57 20 4, 444P<0.001
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Figure 2 Corneal tissue pathological morphology of rats in each group (x200)
A Blank control group; B: RML-treated group; C. Moisturizing Eye Formula group; D: Autophagy activator group;
E. Autophagy inhibitor group; F: RML+autophagy inhibitor group
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Figure 3 Corneal tissue ultrastructure and autophagosomes in rats of each group (x5 000)
A Blank control group; B: RML-treated group; C. Moisturizing Eye Formula group; D: Autophagy activator group;
E: Autophagy inhibitor group; F: RML+autophagy inhibitor group

26 MERAWNFRABRAEALS LC3. P62,  LC3 ATG5 mRNA %3k HETHE (P<0.001); 5 A
ATGS mRNA RiZRI MM WA i 350 20 L A, T H R 07 + H BRI R R 20 LC3
SR He R, M H R OTH I ARG 4 ATGS mRNA ik 5371 (P<0.001) , WL S,
*5 BAHKRBEMAMBHLLC3 P62 ATG5 mRNA £ik(n=3)
Table 5 Expression of LC3, P62, and ATG5 mRNA in corneal tissue of rats in each group (n=3)
2051 LC3 P62 ATGS
25 A RR AT 1.010.13 1.00£0.00 1.00+0.03
BEHIZH 1.12+0.20 0.63+0.39 0.97+0.04
THER A 2.31+0.07 7" * 0.87+0.36 2.95+0.27 ***
H W 7R 4 2.23+0.09 " *# 1.22+0.49 3.18+0.07 """
SRk B 1.26+0.07 1.22+0.71 1.26+0.22
e H R J7+ B W i 550 21 2.12£0.15 " #HAAL 0.54+0.09 2.99+0.10 *** A LA
F 67.955 0.944 146.731
P <0.001 0.488 <0.001

S AXHRA LS, © P<0.001; SR LA, ** P<0.001 5 55 [ EFM I 4H b4, 444 P<0.001,

HERAMTFRARABEALS LC3. P62,  0.01),LC3 ATG5 HEHFLBETE(P<0.01) ;5
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Table 6 Expression of LC3, P62, ATGS, IL-1B, IL-18, and TNF-a proteins in corneal tissue of rats in each group (n=3)
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Figure 4 Expression of LC3, P62, ATGS, IL-1B, IL-18, and TNF-«a proteins in corneal tissue of rats in each group
A: Blank control group; B: RML-treated group; C: Moisturizing Eye Formula group; D: Autophagy activator group;
E. Autophagy inhibitor group; F. RML+autophagy inhibitor group
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