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BR¥EE LT RSB BAL TR EESF KEGG B 3% % &£ T /& £ R (hsa05207) % PPAR 45 5 i@ %4 (hsa03320) ; (3) #L
%5 5] (RAALAR AR 5T . XGBoost 2~ #7 ) 7 ik B 45 42 K B AR 5 FABP4; (4) i it ROC w1 £ AR (AUC=0.591) e FABP4(AUC =
0.623) & MR 5 Hr #t AT 304E ; (5)AR FABP4 5 3L B 55 38 B 37 MR 53 47 3T 45 .S58 W8 LT 4838 18 AR A= FABP4 A 32 4
AL R B B g AR A 3B T8k ST T AP AT AR AL, S P 2h S e 5008 T RAE TR TG .
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Molecular Mechanism of Abri Herba Regulating Hepatic Fibrosis via Ferroptosis Based on Systems

Pharmacology

QIN Yaxuan,ZHENG Yang, WANG Jiahui, ZHAO Tiejian, YANG Shiquan”, WANG Lei" (Faculty of Chinese Medicine
Science , Guangxi University of Chinese Medicine , Nanning , Guangxi 530222, China)

ABSTRACT: OBJECTIVE To systematically elucidate the molecular mechanism of Herba Abri intervened liver fibrosis via
regulating ferroptosis using network pharmacology, molecular docking, bioinformatics, and machine learning approaches. METHODS
Active components of Abri Herba were screened via the TCMSP database. Liver fibrosis and ferroptosis-related genes were retrieved
from GEO and FerrDb databases. R language was employed for batch correction, differential analysis, and weighted gene co-expression
network analysis (WGCNA). Core genes were identified by intersecting targets of Abri Herba, liver fibrosis, and ferroptosis. Protein-
protein interaction (PPI) networks and “drug-component -target - disease” network were constructed using STRING and Cytoscape.
Functional enrichment analyses (GO and KEGG) were conducted to identify core pathways. Feature genes were screened via random
forest and XGBoost algorithms, validated by Mendelian randomization (MR) analysis and receiver operating characteristic (ROC)
curves, followed by molecular docking. RESULTS (1) Twelve active components and 301 predicted targets of Herba Abri were
identified. Batch correction and principal component analysis (PCA) integrated 17 731 liver fibrosis-related genes and 396 ferroptosis-
related genes, obtaining 27 intersection targets. (2) GO analysis revealed enrichment in oxidative stress response and nuclear receptor
activity. KEGG pathways were enriched in cancer metabolism (hsa05207) and PPAR signaling (hsa03320). (3) Machine learning
(random forest and XGBoost) prioritized signature genes AR and FABP4. (4) Validation via ROC curves demonstrated AUC values
were 0.591 for AR and 0.623 for FABP4, supported by MR analysis. (5) Molecular docking confirmed stable interactions between AR,
FABP4 and active components of Herba Abri. CONCLUSION  Abri Herba may inhibit ferroptosis in liver fibrosis by regulating
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oxidative stress and lipid metabolism pathways to inhibit ferroptosis and thereby suppress liver fibrosis through AR and FABP4,

providing novel evidence for the multi-target therapeutic potential of traditional Chinese medicine.

KEYWORDS: WGCNA ; machine learning; Herba Abri; liver fibrosis; ferroptosis

HF4F 484k (liver fibrosis ) A& 22 e VE BT 1453 5 BT
2H 2 H A8 R U B R M U N S
FEN S VAR RIS KB, BRIE T (Ferroptosis ) /E A —
Tl 4 i O e S A IR Bl 1) A T 1 A AR T
K FE I 2F b e v 4 T OCHE A 5 . TEFEF 4k
AR R B A 28R AR A I R R T 35 5 A A
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HEGTEBRAL TR SR AT 9T 25 o0 P 2T AL
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1 7%
1.1 % & B 8 R i

15 7 G0 25 B 7 5008 % 5 0 i F & (TCMSP,
https : //temsp-e.com/) ARG B B HEATRE R 30
o B 10 2% P 5 MR A M T (OB) 230% , 2K 24
P (DL)>0.18 X 48 B B A R0 P i 7y 47 0 e IF
T AR CHEE PRAF A, I 38 A A G SR AT 4b 52
AR T TR 1l o3, A8 05 H B 2 A Ak 5 1 2 A
Pubchem (https : /pubchem.ncbi.nlm.nih. gov/) i 1748
R, 193] SMILES J-K 5 i35 A SwissTargetPrediction
(http : //swisstargetprediction.ch/) FE4 7 HE p5 T
1.2 AT &F 4 bk Fo - B R B B T AL 28

1 B GEO %4 )& (https : //www.ncbi.nlm.nih.gov/
geo/) , LA “liver fibrosis”#u2 I-BRE W) W&, ik
i 4 4 5E GSE139602, GSE197112, GSE199656
1 GSE285291. H: % GSE139602 5 GSE197112
BACHIE £ B Rl ) S0 B DR TE SE A RIS A
SE199656 il GSE285291 W 4 4y I 4 BA 81 o £ 1l
Sangerbox (http://sangerbox. com/) % GSE197112 I
GSE139602 % 42 AT B & IF , L YR IE B 320
53431 75 ¥ (Principal Component Analysis, PCA) , LA
FBk 2 L8 BN 5 32 F FerrDb [ (hup 2/
www.zhounan. org/ferrdb/current/ ) 7 35 B il #0142 #F
PACT- LA K HAREY) , bR = F H G A, ek
ARHUERIET-HEIA
1.3 AP fh sk b8 R

>R A “limma ™ 65 £ BORH 5 55 DR - 114 1] 15F i /2
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P<0.05 H. | log2 fold change (10g2FC) 1>1 fit] # 5 3k
, 8 “pheatmap” £ 22 il #4 €] 1 “geplot2” 41 22 il
KU PR TGy b J s 2% S B IR R GA L [R] A Bl
Genecards B8 22 38 UM £F 4 AL A OCHE 55 0 SR 5 X
PR 7 V5 AR IR 8 R AT 28 A PR AT 2 AT 2T 4 1k
BRICT-AHOGHE i o 78 58 UK UL BR S, SR FH AL
e PR L 3K X 4% 43 BT (WG CNA) Xof 5 R 3 3k 3% ik A 7
RGEVEIZIE . B MM BB &N 0.8, GS i i &
0.1, AT BE I E R 0.1, 38 2 FE AR R 2 H B B
LG 36 59 3% 5 A A o M e i, A A T8 RUBE 4
P 265 5 I F 5 T R DT ) 6 A A DG s 2840 43 2 3R
B, I3 ok BRI e R R A A R A O R TR A5
Ko PP BEHRRIE B R 5 1l R R AV (an2f
A4l B B AR ) HEAT IR 3 A, 2T B R g
FH & 22 B (Pearson correlation coefficient ) M i 2514 5]
{E.(P<0.05) , i 1 15 JHF2F i Ao S A o 25 A G
A AR, 1 I S48 T AR X R
14 XBEEWRBE BT H-FERS-XE
B 5 TR W 2 T ey A

Xof BT AE A AH DG HE A5 RAE T AR OCHE i S5 08 1
FOAE R0 A5 AT A2 T AL FRAS B XS B AR BB T AL
il _F 7 36 90 4 DG B A, A0 TP 2 R R O
AR S PR —iE A Cytoscape3.7.1 348847 A]
PACHRAE . [F]IF, Ke G BERE % A STRING 4l 42
(https : //string - db. org/Version 11.0) , ¥ & ¥ Fi &
“Homo sapiens” , BAEE >04, 15 3] 545 PPT 4%
B 4h PPLAH U T A Cytoscape3.7.1, 47 Degree
{H . Closeness {H. . Betweenness {23 BT , Tt 2= 58 /N T
SR EE AR AT R
1.5 & &

& £ M4 45 GO (gene ontology, GO) LI HE/HT
1 KEGG (Kyoto Encyclopedia of Genes and Genomes,
KEGG) 7T, # = S0 mi I R (b AT 4304
Horr GO = 42 4t 45 A4E W 3 72 (biological process,
BP) .5 T I §E (molecular function, MF ) F1 40 jfd 2H i
(cell component, CC)3 43
1.6 #ANEFIEEREFELER

il 1F CNSKNOWALL (https : //www. cnsknowall.
com/ ) , AR I 35 PR 5 X A AEAL R AT T 2 O E 2 1Y
SFAESE P, Sk B O R R 4 1T 1Y) 3 R AR AR SE
FrHLAS o7 > BB i 3 , He b BEAL AR AR 75 (random
forest, RF) J XGBoost £ 815 733 15 , 18 HGX P Fh 5
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AT TR SE ] . RF 0B 02 —Fh AR i 2 O
25, A RS BRSS9 808 O Al TR IR E
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o f5 R b HL Ak (Mendelian Randomization, MR)
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YA Z T Y 2R G AR SRS T IR 22 5 (Single
Nucleotide Polymorphism, SNP) x& ¥ & T. H.7¢ &
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gwas.mrcieu.ac.uk/) 5E A T RHIE L K 1) SNP ARy
TR T LT 4L SNPAE NS5 SR 7 ik P<
5x 1079 L B BA % U P4 (linkage disequilib-
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weighted, IVW) . i 72 /R B H1L ft.- Egger (MR -Egger)
AL 37 4 (Weighted mode, WM )  fa] B =X RN
A T7 2 AT HUBME S B L i ad S Bt K2
RO RN B — A BT R4l 1T MR &5 52 5 2 A T 5
Mo BT S OMERGSR , P>0.05 R S E b
1.8 R ir

8 3 56 Ik 22 4> Sy KA A R AR W R R DR Y
ZRFRIK 252 E TAERHE (receiver operating
characteristic curve, ROC) DA PEAL 2 AN 4¢3 PR
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1.9 AFAEFE By 1F A B

6 I KEGG ik AR HUn1 2 AN FRAE S A 5 T 21
AEACRFE T rh AR Wb A B DA OC 1) 12 25 o R0 %
I F B A5 (http - //www.bioinformatics.com.cn/) 2
TR R PR 36 1
L10 7 F xt &

3 2o 0 46 53 A S Y AR BT, AR AR S A AR
B8O P TP R FR A . IS T Y A BT
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EGFR(1M14) (AR(1XOW) \MAPK3(3FXW) ,PIK3CA
(4TUU ) X S5 55 [ 5 1% 45 14 138 52 Maestro 4.6 #£17
Ab BRANAE G , SE AT Z AR A AL B, 2 A B2 AR 2
¥ (PDB #% 3X.) 2 Maestro T AE X, ifi | Protein Prepa-
ration Wizard B, FEAT #h 2R IG5 I D010 U5 )
2% (H-bond Assignment) ., 2% BR7K 73 3 X FC 44 53+
HEAT AL PR 38 o LigPrep 5, A2 iU 1RIR A AL
LA SRR (PR B PPy o U, X 25 B 07
& X, fi FH Receptor Grid Generation , 5 %2 16 P 11 4%
(BE T3k S e A sl SOk B SR 5L ) , BB A AT R
e ARG VB S AR IS AT XHES R, 1 Glide
B, o3 ah R . I 5 A Pymol 2.5 47 AT LAk
Uil

2 R
2.1 F E AT

BEF TCMSP By fhs 126 i 326 X B i 5 PRI O3, 75
HPSCHRFRAE XS B R4 BUATEF 4R RO VE T, sl 4
Feja IEARAF 12 o 3R 1 RO T XY
BRSPS LA A O U E B
®1 BEELEWIFE

Mol ID a4 TR OB/% DL
MOL002975 Butin 69.94 0.21
MOLO00358 Beta-sitosterol 36.91 0.75
MOL003651 Soyasapogenol E 37.64 0.75
MOL000449 Stigmasterol 43.83 0.76
MOLO13315 Abrisapogenol A 17.58 0.75
MOL003657 Abrisapogenol D 17.64 0.75
MOL007680 Abrine 70.83 0.09
MOL007413 Schaftoside 4.68 0.82
MOL004958 Isoschaftoside 17.38 0.83
MOLO003653 Kaikasaponin [l 11.35 0.05
MOL007681 Sophoradiol 17.55 0.76
MOL007679 Hypaphorine 1.96 0.12
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X 22 S B PR 2 il KL ] B AR EL . D) pheatmap ™ 4%
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A8 BRI, ULIHE 3B 5 T 14 B o FO000 05
FFEF Hi Ak R AT HE 5 5 AT Cytoscape 3.10 1,
AT A5 2] 355 53 - 9 9 L i 2 4 I 4% 41 AL o <]
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3D~G,
2.5 BEM

FEXSH FRYT A AL E RIS GO &
LN AW TE (BP) & 4501 10 44 25 B ¥6 I - %
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ST AR A A RE B AR T miRNA A
WAL R RAE S A TR X BRI R A Y miRNA
R AL 4> (CC) AT 109 B - BUKHE Al
JE B EAE BEAE CE & Ficolin-1 B UKL I IR EE Fy
R I A I LR Ficolin-1 AYURL = 2% Bk:
JE 5 A0 F IR (MF) AT 10425 H #5 1 . DNA 45 A 5% 5
K F254 \RNA R4 1 AR5 ME DNA 45 55 5k A5
Gh G AL IRTEE RO I S IR TR A AR
B VE (PR TR B A TR BAW
AR ) CEARE R T (TEF T3 A TE
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K38 PR 10 44 388 BEALEE - i A RO e i
SiE A B R B EGFR B 22 R 18k it 100 44 790 s 24 Lk
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AT, Bt 10 ANERAEJE [ FABP4 NR4AI \EGFR AR .
MAPK3 .MDM2 ,PIK3CA .G6PD .ABCCI .CDC25A , VLIt
K 5C. XF WGCNA 43 #r K #L#52% >J (RF . XGBoost) .
WU B R 2S5 SRAGHT 4T AL R AE T4 AE L R AR
FABP4, W& 5D,

ARNVE R ASZAR BRI L , FE T He Ak dEF
KAFE L EIEEN . W R, 78 F£F 4L R
Berh, 9 0E A 1L-6 38 13 0% STAT3 {5 5 B2 iF
AR 3R B AR XA /R STAT3 By 506 A+,
W BE RAGHE R, Fr 2 i R RAEAR 5 o 0 2
B ARG 8 I R OS2 L S S M A B AR
b 2 45 0 A, 2R 3 30 25 bk H K & s 2 A
GPX4 15 P T B, X A S SR AR 1k 35 16 5 1 41 i
XTERBET - BUE M . $R/R X B n B i@ 1 75 AR-
STAT3 {55 4l1, [A] B0 ) 58 i s 1 FER AE T 3E 2, 3
R B AEAAE SR A TR pILE R

I3 —J5 1, FABP4AE A g 52 AR %) G g e 42 [
T IR R R AL S BRE TR E O ER .
TENFAF e b e h , FABP4 335 b IRAR HEK A5 18 17
R 1 200 B P e i AR 2, 5 B0 o S KO 2
Thi , B RO T LR AL . (AR,
FABP4 J2&: PPAR {5 53l % 1) 85 22 R We R 4+, i
PPAR 38 % 75 % 15 g A8 L S840 7 R R RE 2 g
A RO . E R HTES R BN PPAR I I i
T P T FABP4 W PR IR B A Ak
Z 5 YT B HLER 3. X IR S
FABP4 [fa e 46, R WL T B8 & T 7 FABP4 A
S e BT A i g R, R R B AR A, DT 41
I BRIE T AH G IR I i Ak i -

TEINREHLAI 7 T8 , AR AT 3R I B A C -5
Fa S, AT fig i ok 5 e bt S A B SRR IR o ik
FAALIERE , T AE R BRBET - K A2 . FABP41E R g o
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fig i iR 45 & &5 F (fatty acid-binding protein 4,
FABP4) i JE ] 1) SNP 1 2k 2 5% Kl F- , 3145 1D prot-
b-71, FF£F 44 1 SNP AE R 45 5 K1, 3K-45 1D ebi-a-
GCST90091033, K, P{EF>0.05(1IVW: P=0.930,
MR-Egger: P=0.653) , OR {E #%3T 1 H B 15 X [0 4 &
1(IVW:0R=0.998,95%CI=0.945~1.053) , H. IVW ,
TR A B I ARSE X A5 7 34 R R Bl OCHK
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HEE R P=0.05 $230T b 2 PR A, W] B PR 7R T 55 ¢
W, (G 45 A Fofh i g5 . B OR=
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nogenesis-receptor activation (2% 2509 V5 H - 32 7R 3%
) & hsa05215 Prostate cancer ( Hj %1 B9 ) ; FABP4
X I hsa03320 PPAR signaling pathway (PPAR 15 =
18 # ) M hsa04923 Regulation of lipolysis in adipocytes
R I 200 L 05 - itk 9 98019 ) , DRI 8.
210 »F At

H 4 AL B W S e 8 RO R LA
I LA 5 SR AR, OF 0 A HL A B 45 5
B 79 8 H Y 2 A HRAE JE R (FABP4 (AR) BEAT 5%
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(HIFIA .EGFR .MAPK3 PIK3CA) #E A7 %} 4% .
o X T FABP4 o XT N B9 3% 4% B 43 Sophoradiol |
ypaphorine , Soyasapogenol E, H ' FABP4 H g 5
Hypaphorine i Zj %F 4% o H Xt 42 {6 o -7.044,
HIFIA 5 butin X} $% {8 4 —4.812, EGFR 5 Soyasapo-
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