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[ Abstract |

by hepatic inflammation and dysregulated lipid metabolism. As a classic representative formula of the " bitter-purging method" ,

Non-alcoholic fatty liver disease (NAFLD) is the most prevalent chronic liver disease worldwide, characterized primarily

Modified Wushi Xiexin Decoction has demonstrated definite clinical efficacy; however, its anti-inflammatory effects and underlying
mechanisms in the treatment of NAFLD remain unclear. This study combines network pharmacology with animal experimental validation
to evaluate the therapeutic effect of Modified Wushi Xiexin Decoction on NAFLD and reveal its potential mechanisms of action. Drug
targets were collected from the Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform ( TCMSP ).
NAFLD-related disease targets were retrieved from the Therapeutic Target Database (TTD) , GeneCards, Online Mendelian Inheritance
in Man (OMIM) , Pharmacogenomics Knowledge Base ( PharmGKB) , and Comparative Toxicogenomics Database (CTD). R software
was used to screen the intersection targets of the two sets. Core target analysis and network visualization were performed by using the
Search Tool for the Retrieval of Interacting Genes/Proteins (STRING) database and Cytoscape 3. 8. 2 software. R software was applied
for Gene Ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis.
Core targets were analyzed based on the Gene Expression Omnibus ( GEO) database, and receiver operating characteristic ( ROC)
curves were plotted to evaluate the diagnostic efficacy of the core targets. For animal experimental validation, a NAFLD mouse model
was established by feeding a 60% high-fat diet combined with intraperitoneal injection of streptozotocin. Pathological improvements
were assessed by hematoxylin-eosin (HE) staining and oil red O staining. Enzyme-linked immunosorbent assay ( ELISA) was used to
detect the level of tumor necrosis factor-a ( TNF-a ), interleukin-6 ( IL-6), and interleukin-18 ( IL-18) in liver tissue.
Immunohistochemistry (IHC) and Western blot ( WB) were performed to measure the expression of Toll-like receptor 4 ( TLR4),
nuclear factor-kB ( NF-kB), and NOD-like receptor protein 3 ( NLRP3) proteins in mouse liver tissue. Network pharmacology
identified 97 active components, 108 intersection targets, and 10 core targets of Modified Wushi Xiexin Decoction. GO enrichment
analysis indicated that anti-NAFLD effects were exerted by regulating biological processes such as oxidative stress and nutritional levels.
KEGG enrichment analysis mainly involved signaling pathways, including TLR, NF-kB, and TNF. The GEO database indicates that
there is a significant difference in TLR4 expression between healthy individuals and NAFLD patients ( P<0.05) , with the area under
the ROC curve (AUC) being greater than 0. 810, suggesting a high diagnostic efficacy. Animal experiments showed that Modified
Wushi Xiexin Decoction could alleviate pathological damage in the liver tissue of NAFLD mice, reduce blood lipids, improve liver
function, and downregulate the expression of inflammatory factors in liver tissue. IHC and WB confirmed that Modified Wushi Xiexin
Decoction could downregulate the TLR4 expression, inhibit NF-kB activity, and suppress NLRP3 inflammasome activation. In
conclusion, Modified Wushi Xiexin Decoction may alleviate inflammatory responses and improve liver function and blood lipids in
NAFLD by regulating the TLR4/NF-kB signaling pathway and inhibiting NLRP3 inflammasome activation, thereby exerting therapeutic
effects on NAFLD.

[ Key words| Modified Wushi Xiexin Decoction ; non-alcoholic fatty liver disease ; network pharmacology; Toll-like receptor signaling
pathway ; inflammation
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Fig. 1 HE and oil red O staining of liver tissue of mice in each group( x200)
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Table 1 Effect of Modified Wushi Xiexin Decoction on levels of ALT, AST, TC, and TG of NAFLD mice(x+s, n=6)
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Table 2 Effect of Modified Wushi Xiexin Decoction on inflammatory indexes TNF-a¢, T1-6 and TL-18 of NAFLD mice(x+s, n=6)

20 51 /g kg™ TNF-a/pg+mg ™" IL-6/pg-mg”" 1L-18/pg-mg ™"

E# - 122.32+32.93 372.26%52.97 80. 02+32. 61
e - 276. 69+35. 307 561. 87+54. 067 190. 60+21. 877
ZHXUIR 0.2 155. 52+20. 02¥ 440. 03+74.23Y 128. 09+20. 66*
RIS O Iy 2.6 186. 46+49. 11V 449.78+72. 89V 124.72£29.19%
1.3 175.1035. 55Y 458, 23+43. 23V 127.77+19. 00"

0. 65 221.51+40. 26 491. 87+84. 57 169. 16+39. 55

Lo I Ty e ) i 2 /N BRI 4120 TLR4 | NF-
kB NLRP3 £ [ 31k I & FE K ( P<0. 05,P<0.01) ,
S BT O 3 sy AR 5] i /N RUFF 4L 40 TLR4

NF-kB NLRP3 £ H #2351 820 F Bk, — B UK
H/ MR 2P TLR4  NF-kB _NLRP3 & H FE A R
FERER(P<0.01) LA 4 3 3,

#i3kF87% TLR4 \NF-xB NLRP3 % [ PRI (BB @)
4 4 4/NEUIFA12L TLR4 NF-xB I NLRP3 3k (58 411L , x400)
Fig.4 TLR4, NF-kB, and NLRP3 expression in liver tissues of mice in each group(immunohistochemistry,x400)

*3 RGN TLR4 NF-«B NLRP3 [ FIE R (x5, n=6)
Table 3  Effect of Modified Wushi Xiexin Decoction on protein expression of TLR4, NF-kB, and NLRP3(xzs, n=6)

245 /g kg™ TLR4 NF-«B NLRP3
EH - 3.20+0. 68 5. 130. 60 3.05+0. 33
A - 10. 6920. 71% 9.51x1.05% 5.290.72%
UK 0.2 4.69x1.33" 6. 11+1.219 3.1020. 65%
S IRT5 0 sy 2.6 5.62+1.97" 7.02+0. 527 3.23x0. 38"
1.3 4.5423.73% 7.19x0. 78% 2.70£0. 59%
0. 65 10. 15£1. 09 9.13+1.95 4.50+1. 45

3.7 RIKVELEME T X NAFLD /N RF414 B (P<0.05,P<0.01) , — H XUIZL /N R4 41
TLR4 NLRP3 R AMHM  SIEW4 MW, TLR4 NLRP3 & 1 £ 5 B FEMK (P<0.05, P<
RUZH/INERFZH 2 TLR4 NLRP3 S RSB EH  0.01) L&l 5.3 4,

N(P<0.05) ; SERA M, REELHIME T 4 e

FIH2H/N RUITF4H 404 TLR4 NLRP3 E £ IR B # Bl 25 R B A A AN A T 7 A O NAFLD 3 4F

539
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K5 A4/NRIF4120 NLRP3  TLR4 3 F 2%
Fig.5 Bands of NLRP3 and TLR4 proteins in liver tissues of

mice in each group

4 RRIGOLEMT /NS NF-«B NLRP3 2 H
FRIEMWFEM (x£s, n=3)

Table 4  Effect of Modified Wushi Xiexin Decoction on protein
expression of NF-kB and NLRP3 in liver tissues of mice (x+s,

n=3)

4151 /g kg™ TLR4/B-actin ~ NLRP3/B-actin
EH - 0. 170. 02 0.310. 11
i - 0.28+0. 03" 0. 45+0. 04"
ZHXUIR 0.2 0. 18+0. 03V 0. 2420. 06"

R G0 2.6 0. 170. 01 0.25+0. 07"
IV 1.3 0. 20£0. 03V 0.21=0. 05%
0.65 0. 18+0. 02V 0.2120. 07%

SKEL A S I IT 8  7E P E, NAFLD B
T L b P P 9 o8y e DL IS TR 3% Ak it B A%
B E G E . NAFLD DU RIE 48 5 F1 g 524 i 25 L
EHE AR BE /N BT R KA R, b
JHFJUE 8 i 7T BE & 4E 2% NAFLD 3 2 14 G5 T 10 B .
PR B 2% H i Z B 3 T 70 NAFLD 4R AE H FH Wi
I 1 R A R S 25 W FIR T Ok i v 24 R T R L
JPRUE 3 AN B & A SR A i AR A Al 0
WFFTIESE , 52 BT 0 7 i 7 v v 245355 4 A A il o
R rh 25 B H H AT B NAFLD 37, B35 s AT AR A
WA | R 5 AR | SR A I A B 1 g ot
AR R ELARVE P ML i BB A v
B YIBRR RS RI AR L B AR 2 R
KHE, HAET NAFLD 5 S #8571k Z 8¢, LL HFD %
Sk L (H 4l HFD i S IR A8 8542, HLAE
I A HE DL I 4 47 T 0 3 G 3F i . B9 SR
B2 HFD B-A AR STZ 18 s 1 5 mT in i 2 4
PEAR AT 1] NASH H: 2 FEF 4R (L O BREE A, AHF
8 R 60%HFD B4 1 1 13 4 100 mg-kg™' STZ 2
37 NAFLD #5758  STZ I8 Jis 1 58 5] e 3k 331 S 3 LAk
540

W, HEARBOER S SR, HE Y@ FHLr O
Yofa 25 5L w2 /N BUAE AR B S 0 e 0 A
FURE I Z VRS, 2 W] NAFLD /)N FRUSE 7Y 44 4
B,

ARHIRGE 1 LA W 45 25 HL 2 5 3 ) S 0 S0E
ARG HIAYT NAFLD B35 %0 e B v 26 /R AL
il S8 WoR, R TS O ik gy wT AR
NAFLD /Nl ALT  AST . TC TG 7K -, 24 3 JIT 4H 4%
TNF-a IL-6 1L-18 SF RAEFEIR ., P45 25 BR 40 M
e SIS0 T -NAFLD-# 5 38 % 2% 45
A 97 MIEHEAEH T 108 AR, KA B
A NAFLD [ 2 i) 20 05 55 KEGG & 0 Hr
BRI LB 2 B 42T TNF TLR \NF-«B %5{5 5
& NAFLD FHOCH % . 3T GEO ¥ i =5 1%
O GSE63067 1Y AE W5 B % 73 A iff — 20 ik 52,
TLR4 7¢ NAFLD & T 40 25 5 3k, $im Hol
EZ I E

TLR {5553 % & J1 42k NAFLD 5% i) = 223
#%. TLRs 518 TNF-a IL-18 IL-6 54 45E K 1+,
HAEBE e RSB 5 4 il SE A L PR R
—H SR 1, TLRs AT U SR AR 5G9 20 B2 43
Fab e, S50 B AR R R4 £
BT, COUESE S5 FRERR I A M R R AEA K, T
L AIR TSNP, 72 2RI 0 & A4 Kk Bk
SRR EE R ATE M. Hop TLR4 A 41
FEAZ K, RIS NF-wB, ZE 1M _E 3 10L-18  TNF-a 25 4i¢
KRR T2 AP TLRA {5538 5 B RE 44k I
T~ 88 ( MyD88) {f i Sz JEM A i 42 )7 )y, MyD88 3 [
TG 2 20 NF-kB p65 FIRE RS 7 B 98 1 Bk S5 1
WO P24 TNF-o IL-18 1L-6 2542 6 K 1Y S
JF A 4 S0 05, I £F A b | S BE 5 L
KT, BEA, TLRA 52 Ty 46 40 AIE 46 i K%
2F 4k 4k TLR4 3% NF-xB J5 7 42 9 TNF-a,
IL-18 %54 4 P, S IR AR AE N, 5 SO IERg i
A R B M AR R NF-kB 218 1 95 48 iE 1 4
MIFET 1 F B SR 5 1, 76 NAFLD R [ R JE
FN TG 38 A 75 T SRE A SCHE PR e T R 4 A
Kuffer ZH LA AR A0 ML T BE , /& NAFLD 3 & iF
I & E A B B IR, 22 8 NF-kB {5 53 5 5
i TL-6 254U PR 1 S A R 7 308, 78 P 498 0 I
o7 HA R S A Y R R OIS 2 R NAFLD JiF
JESERE . NLRP3 J2& R /A 52 05 56 Hit i 0, 1
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WO AT A AT T NF-kB {5530 J& 2 850 R 2 .
ZIF5E B  NLRP3 5 NASH FIAT£F 4k L 2 VI A1
O PR B B AR R 0 S RE AIMAT | 5
SIFREAL T2 2 R3S, I 51 & S E 1 E v 4 =
157 NLRP3 RIER N4 R 2 & B A1,
3 DL Bl A A B s A A 40 L R T 1 TR R, £
TG Jo i B i Y | 7E HL 20 i 3E % R, NF-kB 2 3
TR AEDY P4 NLRP3 48 AE (AT 5 0T
W5 KR AL AR 5, AT A S TL-18 F1 1L-18 L1 1 Al
B 5] &R ER R A B RO R Bl B R
TNF-a IL-6 .IL-18 241 48 P 73, NF-xB i —
WG JF 5 3l NLRP3 SRR I8 B IE S i 1) 2%
PEUEIA , S 30 NAFLD $i 3 AW , A< S50 i e
S AL Western blot Kl /N U414 TLR4 \NF-kB |
NLRP3 A, 45 9 W8 = F 76 NAFLD /) A%
R Tk | i 52 FR T 0 3 Iy 45 39 2 o] oK [
FERRARHE IR 7R = TS O3 gy il el i
4 TLR4 235, 15 NF-xB 1% 1 &2 NLRP3 484 /MA
PTG VD RAE N TRk RIFBTRIEH

g b ABIR G A gk I 4 24 B4 A A O ok o 5 B
YEL AN T 1497 NAFLD 9 323235 M 4y fE e
SR SR, 45 NAFLD /) U RUIE T H:
25 M e AL, 45 B Wow, % 7 F T AR R 4%
TLR4/NF-«B {5 53 % , M1 il NLRP3 % 1 /IMA T
b, BEAR A 2L 580 T 73R 35 , D% NAFLD 4 4E J2
7, 3R HAE N NAFLD Biii6 25 82 07 B9 0 A5
SRIMT , ASBIE G A7 78 Sy BRAA: < (0G0 3k Do 245 24 B2 ) 2
SR AR ML, 205 R &8 2R s sy, vl
REANUAVER T TLR4 \NF-kB %543+ ¥R T 0 240 5
I % X I PR R 3 S H K B Ah, #R 9% TLR4/
NF-«kB 38 FE IR ALH B 75 B 1R A0 i 590/ 350 77
DUBR AL B 4 T 5 AR I8 T i o e AR 7 3 i
KM R % Ak ARG PRIV TV 77
[FIFHPR]  ARSCNEEEA Rz 5E
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