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FRAF-FIA AL A% Nef2 \HO-1 .NQO1 FY /K FH T (3 P<0. 05) . &51%  #ifi) TLR4 8 i b [ W I a2 S0 1 7 el 5 /N B 05t
Yz i AR IEA ) A A SN
R TollBESZIR 45 B SUAL NI B 15095 5 /N R 5 ARAE S
FESES RS573.3
XERFRER A XELHS 1000 - 1492(2026)01 - 0030 - 08
doi: 10. 19405/j. cnki. issn1000 - 1492. 2026. 01. 006

B 15197 (gastric ulcer, GU)J&—Ffi f < HEVR
Him B ARSI , AR 45 B K |
PR R R A, T RESE RS O 18 L LR S
o RS S TR T R R B R BT R
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2) W [ ¢ [ Merck 237 ; e dii-TLR4 e Bt -1 A 1 E2
HH & A F 2 (nuclear factor erythroid 2-related factor
2, Nif2) , R4t - 21 Z N % B 1 (heme oxygenase 1,
HO-1) , e it -NAD (P) H . fiit % b i J5 i 1 [NAD (P)
H quinone dehydrogenase 1, NQO1 ], S dt-1# & #H 5
HHH4E 3- 1 (microtubule-associated protein 1 light
chain 3- T, LC3- 1) ,LC3- T, - A MEHI G S
(autophagy related 5, Atg5), HPr-Beclin-1, HPi-La-
min B1, G dr-H ImEE-3-B R i fif (glyceraldehyde-
3-phosphate dehydrogenase, GAPDH) i) — it T 1A LA
LB NG PP LA K Cy3 906 —Hi M — ki
2R FE 5| W (diaminidine phenyl indole, DAPI) 4114 H
35 [E Abcam A # 5 F 40 M A &K -1B (interleukin-1
Beta, IL-1B) , IL-6, 83 3K 4L A -F a (tumor necrosis
factor Alpha, TNF-a) , /55 2% E AL & F 7= %) (advanced
oxidation protein products, AOPP) , PGE2, TH — %
(malondialdehyde , MDA) , #8 & b ¥y 7 1k il (super—
oxide dismutase, SOD) , Bt H K (glutathione, GSH)
R 8, A - (HE ) Y iR &, B2
& 11 3 7l & (bicinchoninic acid protein assay kit,
BCA) , 4l 1% 4 4R BGR) &, 35 8 1 e I 1R 1l
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AT BR 2 ) 5 W51 5 1 1] G [ Sigma-Aldrich 23 7] o
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W EH] 1 h, TLR4(1:800) \LC3- 1 (1:500) \LC3-1I
(1:500) | Atg5(1:800) . Beclin-1 (1:400) , GAPDH
(1:10 000) ) —HTAE4 CTFHE LK. SHNY
Pr(1:2 000)EE FME 2 he (HAHMA ECLIK
7Gxt B Ak E AT B AL B, L GAPDH A NS
A, Image] 8K AFXF 4571 B9 K BEAE AT 530
A, R LA A B b EAR SR (R R IR,
FH12% ~ 15% SDS-5 [N ¥ 19 Jrie 58 112 4 5 40 % 2R
Mo Bk, HEA%ER PYDF B L, 10% Big T4
Wy = i A 1 h, Nef2 (1::500) . HO-1(1:500) .
NQO1(1:800) ,Lamin B1(1:5 000) () —4ifE4 CF
BEH F R . 1E TBST(# 0. 1% Tween 20 [ Tris 25 iy
ERVA W) PR 3 R (BFK S min) J5 , S AR A9 90
TEZE IR TWEE 2 ho i s A ECL 27 &%) Bk
ST R A . DA Lamin B RN E A,
Image J 3T 2571 1 K BEAE AT 5387 -

1.2.5 2R RASTFALR P LC3- 16932 k%
JEo dEa eSOt il e B AL Le3- T & A
(1) ¢ 5tk 3 DA LU0 1 UL 88 B A1 21 b i) B W KT
B 4400 B FH BSA V(5% ) 14 30 min, I£7E 4 °C
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Fig. 1 The effects of inhibiting TLR4 on the gastric tissue pathology of mice in each group

A: The appearance and morphology of gastric tissues in each group; black arrows: ulcerated tissue areas; B: Ulcer index; C: HE staining of gas-
tric tissue X200; D: HE staining score; a: Control group; b: Model group; ¢: Model+TLR4-IN-C34 group; d: Model+TLR4-IN-C34+3-MA group; e:
Model+TLR4-IN-C34 +H>0, group; “P < 0. 05 vs Control group; *P < 0. 05 vs Model group; “P < 0. 05 vs Model +TLR4-IN-C34 group.
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Mo 5 2H0H] TLR4 1Y 2R 3RIA KV 22 R A it
L (F=603. 452, P=0.000). 5% 4], BRI 2]
TLR4 2 FARXS KT, 2 5 A gt 2= 8 X (P<
0.05), 1M 5HAIZ b, A AU+ TLR4-IN-C34 2 A5 5
+TLR4-IN-C34+3-MA 41 | 15 % +TLR4-IN-C34+H, 0,
4 TLR4 2 H AR XK R REAR , 22 57 A ge it 7 i L
(3 P<0.05) ., T 5% +TLR4-IN-C34 41 Lt , #5271
+TLR4-IN-C34+3-MA £ FI#% £+ TLR4-IN-C34+H,0,
HEE U A A o et 2 . WA 2,
5t B4 b, B R4 9 1L-1B, 1L-6 . TNF- o,
AOPP 7K F-FH i , T PGE2 i F I, 2 B A G it
(¥ P<0.05) ; SAAIZ [, AR+ TLR4-IN-C34
I TL-1B IL-6 \TNF-0., AOPP 7K F-[AAI , Ifif PGE2 75
W, Z R A E L (3 P<0.05) 5 5 A
+TLR4-IN-C34 21 [, , B &I+ TLR4-IN-C34+3-MA £H il
5 7 +TLR4-IN-C34+H, 0,21 1) IL-1B . IL-6 . TNF-a.,
AOPP /KB i 7 5 , 1 PGE2 7 1 I g F %, 22 5%
HEit2EE X (¥ P<0.05), W& 1,
2.3 ME TLRAXN ZABHLAEKIERHN I
5% HRA LY, BRI () MDA ZKSF-FHE5 , 11 SOD .GSH
KRR, 22 5 A i it 2 L (¥ P<0.05) ; 515l
ZH He , 45 R0 +TLR4-IN-C34 41 (1) MDA 7K F F# A%, 1
SOD.GSH K- Ft &, 2 5 A it % 5 L (¥ P<
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Fig. 2 Western blot results of TLR4 protein in gastric

Relative expression levels of TLR4

tissues of each group
a: Control group; b: Model group; c: Model+TLR4-IN-C34
group; d: Model+TLR4-IN-C34+3-MA group; e: Model+TLR4-IN-C34
+H, 0> group; P < 0.05 vs Control group; *P < 0.05 vs Model

group.

0.05) ; 5 BRI+ TLR4-IN-C34 2 It , £ %) + TLR4-IN-
C34+H,0.41 B MDA 7KF-Ft 55 , 1 SOD . GSH 7K F-f#
K, ZRAGIFE X (¥ P<0.05), W32,

2.4 MFI TLR4XN ZAB AR KN NN
B4R HO-1 .NQO1 Nrf2 iy # ik K -2 F ¥4 4 it

*1 FAMFEHIL-1B.IL-6.TNF-0,AOPP.PGE2 {J7K F (x+s, n=12)
Tab. 1 Levels of IL-1B, IL-6, TNF-o, AOPP and PGE2 in the serum of each group (x+s, n=12)

Group IL-1B (pg/mL) IL-6 (pg/mL) TNF-o (pg/mL) AOPP (pmol/mL) PGE2 (ng/mL)
Control group 31.52+4.23 62. 4426. 21 23.02+2.25 49.22+6. 32 251.23+18. 11
Model group 52.11+7.19" 115.019. 39 121. 88+10. 20" 72.66+9. 22" 102. 56+8. 23"
Model+TLR4-IN-C34 group 37.01+4. 33" 73.23+6. 45" 64.91+7. 37" 56.33+4. 27 230.98+19. 09

46.98+0. 1274
43.77+0. 2874

Model+TLR4-IN-C34+3-MA group
Model+TLR4-IN-C34+H,0, group

104. 56+9. 3174
100. 25+7. 08™*4

154. 12+0. 384
149. 77+11. 36™4

67.08+7. 454
62. 18+6. 4274

102. 77+6. 2074
96. 33+7. 184

F value 15.384 28.737 55.912 5.238 63. 487
P value 0. 000 0. 000 0. 00 0. 002 0. 000
P < 0. 05 vs Control group; *P < 0. 05 vs Model group; “P < 0. 05 vs Model +TLR4-IN-C34 group.
*®2 FABHELAH MDA SOD.GSHHEII KT (v£s, n=12)
Tab. 2 Relative levels of MDA, SOD and GSH in gastric tissues of each group (x+s, n=12)
Group MDA SOD GSH
Control group 1. 00+0. 05 1. 00+0. 10 1. 00+0. 10
Model group 3.55+0.25° 0.25+0. 04 0.210. 06"
Model+TLR4-IN-C34 group 1. 82+0. 26™ 0. 83+0. 09 0. 86+0. 05
Model+TLR4-IN-C34+3-MA group 1.79+0. 18" 0.81+0. 10 0. 83+0. 09
Model+TLR4-IN-C34+H,0, group 2.73£0. 314 0. 33+0. 054 0. 28+0. 03"
F value 48.927 61.473 72.385
P value 0. 000 0. 000 0. 000

P < 0. 05 vs Control group; *P < 0. 05 vs Model group; “P < 0. 05 vs Model +TLR4-IN-C34 group.
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24 Y (F=56.291.39. 482 .75. 635; ¥ P=0.000) .
EjX R L, AR 2 21 A% HO-1 .NQOT  Nxf2 1Y
FIEIKFRRAL, 25 A g it E L (3 P<0.05) 5 5
58 2H 1L, A% 8 +TLR4-IN-C34 4H 40 Ml #% HO-1.,
NQO1 Nrf2 (i FRIK AT, Z R A G2 L (3
P<0.05) ; 5 # % +TLR4-IN-C34 41 [t , 15 58 + TLR4-
IN-C34+H,0,2H 41 ifg #% HO-1 . NQO1 . Nrf2 fit) 2 35 /K
FRER, 2 S AR L (#P<0.05) . WLA3,
2.5 HIHITLRAMN ZFABHLABR MR XEHRK
EARIEMFM A4l LC3- 1T 2805 & 1.C3-
/1 . Atg5 . Beclin-1 [} A K 22 56 G it2¢
X (F=209. 366, 158.739. 35.288., 47.625; #J P=
0.000) . 5XFREAL Lh , BEAYZ Hh AR LC3- 1T 28 5%
JERRAR, 2 R A Gt L (34 P<0.05) ; SR
Fb , #57 + TLR4-IN-C34 2 A X LC3- 1T 2¢ Y i B Tt
B, ZERA G EE X (HP<0.05) ; 5HR+TLR4-
IN-C34 41 L , BRI+ TLR4-IN-C34+3-MA ZH A X} LC3-
I 5 08 B FRAIG , 22 578 Gei b 24 5 L (3 P<0. 05) .
WE 4, HXFRA L, BEAA h Le3- /1 DL &
Atg5 . Beclin-1 B R IR KV AR, 2 R A G it X
(¥] P<0.05) ; 5HLRI Y] [b , 45 K0 +TLR4-IN-C34 4]
LC3- 1/ 1 VI K Atg5 Beclin-1 B 5K B E T 5,
5 G (3 P<0. 05) 3 58 A+ TLR4-IN-
C34 4 [, U+ TLR4-IN-C34+3-MA 44 LC3- 11/ 1 L)
S Atg5 Beclin-1 [ 33K 7K V- 1 2 38 7K 1 5 AR
ERBAGITEE L (Y P<0.05) . W5,

3 iTig
TLR4 & — i = BE AR SF B S RO 224, S 541
R S, BFSE % B, TLR4 i@ 3 MyD8S/

NF-kB 45 N Vi #% 2 5 5t 97 1R 45 W R il i, fift
TLR4 5 S PE 7 1 5] TLR4-IN-C34 3897 ] #5543 o 3
Ji 3 A 25 5 i A TLR4A 26305, V4% 0 40 i 12
e, e am s I P A AL TE I S BB TR . AR AE
M| W S 7 15 T 1 /0N BRL 15 5t 9 15 80 rh A B 2 B 2
TLR4-IN-C34 41l TLR4 J& , B 22N RAE 5 9 P41 g
B D, E AR T R U TE R BT, B R
St B A, 1 Wi K S BAE G B 1 2R 0, $E
il TLR4 W38 2k b 8 [ Wi I e A0 4 Ak iy 8 i 58

AWFFE IR EEES T DR B FE
Z BN A, IR PR AT R g e 35 o B S REAIR T
B RO 7 PGE2 1y 7= A1 ACHIE 5 19 455 760 441
WWLER 5] PCE2 KV 1835 T [ . [AlET, b i e 55
VA DLREE R, Y e A E B A0 L 2
AR EAE T, TR S A RS, S80S B
e . /N REAZIRYT ) B H TLR4-IN-C34
P TLR4 (2385, 1838 008 T MW 35 22X PGE2
F14) 70 THT 52 ), DT S35 7 200 M A IS g 4 43 4
FEIE B B e . $ER K E PGE2 7KF- 1 B &
TLRA4-IN-C34 A7 350 Fi 5 1 5% fiff 1| e 6 - 15 2 1) 15 1t
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Fig.3 Relative expression levels of HO-1, NQO1 and Nrf2 proteins

in the nuclei of each group

a: Control group; b: Model group; ¢: Model+TLR4-IN-C34 group;
d: Model+TLR4-IN-C34+3-MA group; e: Model+TLR4-IN-C34 +H, 0,
group; P < 0. 05 s Control group; *P < 0. 05 vs Model group; “P < 0. 05
vs Model +TLR4-IN-C34 group.
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Fig. 4 Comparison of the fluorescence intensity of LC3- Il in gastric tissues of each group x200
Blue: DAPI; Red: LC3- Il ; a: Control group; b: Model group; c: Model+TLR4-IN-C34 group; d: Model+TLR4-IN-C34+3-MA group; e:
Model+TLR4-IN-C34 +H,0; group; “P < 0. 05 vs Control group; *P < 0. 05 vs Model group; “P < 0. 05 vs Model +TLR4-IN-C34 group.
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The regulatory mechanism of TLR4 on the inflammatory response
in mice with gastric ulcers through autophagy and oxidative stress

Du Jinxuan', Feiluore Dilixiati', Xuan Qiuyun?
('Department of Gastroenterology , *Department of Endoscopic Diagnosis and Treatment ,

The Sixth Affiliated Hospital of Xinjiang Medical University , Urumgi 830002 )

Abstract Objective To investigate the effects of Toll-like receptor 4 (TLR4) inhibition on autophagy and oxida-
tive stress, as well as its regulatory role and mechanism in the inflammatory response in a mouse model of gastric ul-
cer. Methods Sixty adult male Kunming mice were equally divided into five groups: control group, model group,
model+TLR4-IN-C34 group, model+TLR4-IN-C34+3-MA group, and model+TLR4-IN-C34+H,0: group. Except
for the control group, all groups were administered 40 mg/kg indomethacin via gavage. Treatment groups received
injections every three days, and all groups were treated for 30 days. Mice were euthanized by cervical dislocation,
and gastric tissues were collected. Gastric ulcer scores were assessed, and pathological changes were evaluated via
HE staining and scoring. Serum levels of interleukin-1p (IL-1B), IL-6, tumor necrosis factor-o. (TNF-a) , ad-
vanced oxidation protein products (AOPP), and prostaglandin E2 (PGE2), as well as gastric tissue levels of malo-
ndialdehyde (MDA) , superoxide dismutase (SOD) , and reduced glutathione (GSH) , were measured using
ELISA. Western blot analysis was performed to detect the expression of TLLR4, microtubule-associated protein 1
light chain 3- I (LC3-1 ),LC3-1I, autophagy-related protein 5 (Atg5), Beclin-1, nuclear factor erythroid 2-re-
lated factor 2 (N1f2), heme oxygenase-1 (HO-1), and NAD(P)H quinone dehydrogenase 1 (NQO1) in gastric tis-
sues. Immunofluorescence staining was used to assess LC3- Il fluorescence intensity in gastric tissues. Results
Compared with the control group, the model group exhibited upregulation of ulcer scores, HE staining scores,
TLR4, 1L-1B, 1L-6, TNF-a, and AOPP levels, and downregulation of LC3- Il fluorescence intensity, PGE2 lev-
els, Atg5, Beclin-1, nuclear N1f2, HO-1, NQO1 levels, and the LC3-11/1 ratio (all P<0.05). Compared with
the model group, the model+TLR4-IN-C34 group showed downregulation of ulcer scores, HE staining scores,
TLR4, IL-1B, 11.-6, TNF-a, and AOPP levels, and upregulation of LC3- Il fluorescence intensity, PGE2 levels,
Atg5, Beclin-1, nuclear Nrf2, HO-1, NQOTI levels, and the LC3- 1/ I ratio (all P <0.05). Compared with the
model+TLR4-IN-C34 group, the model+TLR4-IN-C34+3-MA group exhibited upregulation of ulcer scores, HE
staining scores, IL-1B, 1L.-6, TNF-a, and AOPP levels, and downregulation of L.C3- Il fluorescence intensity,
PGE2 levels, Atg5, Beclin-1, and the LC3-1I/1 ratio (all P <0.05). Compared with the model+TL.R4-IN-C34
group, the model+TLR4-IN-C34+H>0, group showed upregulation of ulcer scores, HE staining scores, 1L-1§, IL-
6, TNF-a, and AOPP levels, and downregulation of PGE2 levels and nuclear Nrf2, HO-1, and NQO1 levels (all
P < 0.05). Conclusion Inhibition of TLR4 ameliorates gastric ulcer symptoms and suppresses the inflammatory
response in mice by upregulating autophagy and reducing oxidative stress.

Key words Toll-like receptor 4; autophagy; oxidative stress; stomach ulcers; mice; inflammatory response
Fund program Natural Science Foundation of Xinjiang Uygur Autonomous Region (No. 2023D01C429)

Corresponding author Du Jinxuan, E-mail: guafu51@sina. com



