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Abstract: Objective To integrate network toxicology and metabolomics techniques to preliminarily explore the potential liver
toxicity mechanism of fraxinellone. Methods The chemical component targets and potential liver injury disease targets of
fraxinellone were predicted by network toxicology methods, and the binding ability was verified by AutoDock molecular docking. A
mouse liver injury model induced by fraxinellone was established, and the pathological changes of liver tissues were observed by HE
staining; the levels of serum ALT, AST, and GGT were detected by ELISA, to evaluate the degree of liver function damage. Liver tissue
metabolic profile was analyzed by metabolomics technology to screen differential metabolites and related metabolic pathways, the
combined analysis of metabolomics and network toxicology results was conducted, and the expression of related pathway proteins was

detected by Western blotting. Results A total of 182 intersection targets were identified by network toxicology analysis, among which
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STAT3, TP53, TNF, IL-6, etc. were key targets. KEGG pathway enrichment analysis showed that the IL-17 signaling pathway, Toll-
like receptor signaling pathway, apoptosis, etc. were significantly enriched. The animal experiment results showed that compared with
control group, the fraxinellone administration group were significantly increased the levels of serum ALT, AST, and GGT (P < 0.01),
induce hepatocyte necrosis and inflammatory infiltration. Metabolomics identified 39 liver differential metabolites and 13 differential
serum metabolites, mainly involving glycerophospholipid metabolism, purine metabolism, taurine and secondary taurine metabolism,
etc. 22 related metabolic pathways. Integrated multi-omics analysis revealed that arachidonic acid metabolism was the key pathway of
fraxinellone-induced liver injury, and IL-6, GPX4, IL-1p, MAPK14 were significantly correlated with arachidonic acid metabolites.
Molecular docking confirmed that fraxinellone had significant binding activity with these liver injury-related targets. Fraxinellone
induces liver injury in mice by regulating IL-6, GPX4, IL-1p, and MAPK14, which in turn modulate the metabolic pathways of
arachidonic acid, glycerophospholipids, and purine metabolism. Western blotting verification further indicated that fraxinellone could
significantly upregulate the protein expression of IL-6, IL-1p, and MAPK 14, and downregulate the expression of GPX4 (P < 0.001).
Conclusion Fraxinellone induces liver injury through a multi-target network mechanism. Its potential mechanism may be related to

the activation of IL-6, GPX4, IL-18, MAPK14-mediated inflammatory signals and the regulation of glycerophospholipid metabolism,

purine metabolism, taurine and secondary taurine metabolism, arachidonic acid metabolism, etc.
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Table 1 Differential metabolites in the liver between control group and fraxinellone group
A=) tr m/z BT 731 HMDB EX S &

1 0.6396833  156.064 03 iIE C/HeOs HMDB0001895 Ik 1

2 06825000  212.03197 i CsHiNOP  HMDB0001128 5 12 B Az 1

3 07110667  198.07551 iIE CoHuNO4 HMDB0000181 L-ZE 1

4 07039167  608.092 66 1IE  Ci7H27N3O17P2 HMDB0013112 JRE B N-S Bt 2R |7

5 1.3875667  146.047 16 1IE CsHoNOs HMDB0002273 AL BRAR 1

6 43164833  510.35526 £ CaxsHsNOP  HMDB0012108 Vs AL I T FIEL T

7 51928667  401.28544 IE CaHa0r HMDB0010331 AR T 2 A T IR T

8 1.3090333  120.067 28 1IE  C7HoN.O+ HMDB0000699 1- F ARt e 1

9 07610333  136.062 52 iIE CsHsNs HMDB0000034 JlR g I
10 0.6825000  132.063 46 IE CsHoNOs HMDB0002104 L-A 2R v T
11  0.6539500  148.047 85 IE CsH/NsO HMDB0002894 5- FF 35 ff ez e 1
12 6.1977333  550.392 37 £ CasHssNOP  HMDB0010391 VA 0L B9 T 7 R T
13  6.1065833  311.23731 1IE  CaH0: HMDB0002183 A RN IR R T
14 49161000  546.360 75 £ CaxHssNOP  HMDB0010384 VA 0L B9 T T R T
15 85929333  801.695 15 1IE CasHsoNOs HMDB0010711 FFUPERE G (d18:1/22:00 |
16 0.7182000  613.16129 IE CaH3NsO12S2 HMDB0003337 EAC K 1
17 47019500  570.359 77 1IE CsHs:2NOP  HMDB0010402 el IR iR o ™
18  7.0257833  205.097 42 iIE CuHiN20;  HMDB0000929 L-t R 1
19 0.6254000  154.060 86 fii CsHoN3Oz HMDB0000177 L-ZHE 1
20 25137667  514.287 77 £ CaHssNO/S  HMDBO0000036 BN T
21 29277833  531.30312 it CarHasOsS HMDB0006888 5B-MHk e B B B 28 1
22 5.0660167  506.326 61 it CaHarNO7 HMDB0000596 D7 25 1 -N- ok S b o 2 ™
23 07110667  346.056 39 £ CwoHuaNsOP  HMDB0000045 JRH SRR 1
24 0.6468167  124.005 94 fii C2H/NOsS HMDB0000251 AR 1
25 1.2162333  267.07395 fi CiwH12N4Os  HMDBO0000195 JilIRE; 1"
26 6.0708833  508.34348 fi  CxsHs:NOP  HMDB0012108 Y 1L 5% I T IR ™
27 6.0708833  568.366 40 fii  CoHssaNOP HMDB0010384 V5 LA I T L ™
28  6.8116333  303.23443 fii CaoH3202 HMDB0001043 igas Iy 7
29  7.4024833  622.410 95 fii  CaoHeNOP  HMDB0010399 V5 LA I T FIEL g ™
30 06610833  171.004 70 £ C3HeOsP HMDB0000126 i 3-ER 1
31 07110667  611.146 64 fi CaoH3NsO12S2 HMDB0003337 R AR RENiN ™
32 50160500  480.31291 fi  CxsHssNOP  HMDB0010381 V5 LA T L ™
33 50160500  540.33550 fi  CaHsoNOP  HMDB0010382 V5 LA I T FIEL ™
34 63762000  554.38504 fi CosHssNOsP  HMDB0011149 V5 LA I T FIEL g ™
35 54355667  554.348 80 fi  CxsHs:NOP  HMDB0012108 V5 LA I T L ™
36  4.7662000  480.312 44 fi CasHasNOP  HMDB0010381 V5 I I T L 7
37 44093000 612.33538 fi CaHsoNOP  HMDB0010404 V5 AL I T L ™
38 39398000  586.31959 fi CasHasNOP  HMDB0010397 V5 I I T L ™
39 55569167  554.347 08 fi  CasHs2NOP  HMDB0012108 V5 I I T L ™

x4t pP<0.01, 1 i, . T

**P <0.01 vs control group. 1: increase, |: decrease.
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Table 2 Differential metabolites in serum between control group and fraxinellone group
il HMDB 3 F AR &
1 HMDB10382 CasHsoNO7P YT L B3 i P L ™
2 HMDB07954 CasHgsNOgP ol R Tt JIEL Bk 1
3 HMDB09776 CarHeoNO7P AR L 2 1"
4 HMDB08046 CasHgsNOgP ol R Tt JIEL Bk 1
5 HMDB0000289 CsHaN4O3 JRIR 1
6 HMDB0000182 CeH1N202 AR I
7 HMDB0001388 C1sHz300: -V FRER ™
8 HMDB0007858 CarH710gP T R ™
9 HMDB0010404 CaoHsoNO7P YA I B2 I T FIEL 1
10 HMDB12107 Ca7HesN206P bt I
11 HMDB0012108 CasHs2NO7P ¥ L B3 R PR L ™
12 HMDB0010384 CasHs4NO7P T LB R P L ™
13 HMDB0011148 CasHssNO7P T g I L ik T
x4 "P<0.05 MP<0.01, 1: i, |: Fi.

*P<0.05 *P<0.01 vs control group. 1: increase, |: decrease.
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Fig. 9 Analysis diagram of the impact of fraxinellone on

the metabolic pathways of liver injury in mice
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Table 3 Effects of fraxinellone on metabolic pathways in liver-injured mice

s AR 4R i FEA A U & B P 1H —1gP Impact
1 HylBEREAR S 5/36 0.000 000 003 3.523 00 0.436 51
2 VISR 5/70 0.006 350 000 2.197 20 0.120 56
3 REERAT IR A REER AR 5 2/8 0.007 827 000 2.106 40 0.428 57
4 R 3/32 0.017 185 000 1.764 80 0.070 67
5 o~ RRERAR 2/13 0.020 648 000 1.685 10 0.33333
6 NS DT ER (1 AR B R 3/36 0.023 603 000 1.627 00 0.000 00
7 HmREACHS 2/16 0.030 750 000 1.512 20 0.056 07
8  WEASACH 2/20 0.046 630 000 1.331 30 0.125 79
9 WIHERACH 1/5 0.085 003 000 1.070 60 0.000 00
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x3 (4
5 AR AR B & BB P1E ~1gP Impact
10 RSB 2 B A 2/36 0.130320000  0.88500  0.07325
11 AEVRARH 1/10 0.163020000  0.78776  0.000 00
12 TEAE DR IR AR 2/44 0.179850000  0.74509  0.276 59
13 VIR R A R 2/46 0.192690000 071514  0.01563
14 JABRER SR AN LA 1/15 0.234600000  0.62967  0.13816
15  HABH 1/16 0.248190000  0.60522  0.22131
16 B-AEmAR 1/21 0.312720000  0.50484  0.000 00
17 WAK. REARBRANBERAU 1/28 0.394 160000  0.40432  0.000 00
18 AP H AR 1/28 0.394 160000  0.40432  0.026 98
19 MR IR R AE 1/30 0.415670000  0.38125  0.000 00
20 WEESBEEEEERERE (GPD -#iE WAk 1/32 0.436440000  0.36008  0.036 65
21 R 1/41 0.521410000 0.28282  0.14305
22 FeERRACH 1/42 0.530050000 0.27569  0.11085
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Fig. 11 Relative expression levels of MAPK14, IL-1p, IL-6, and GPX4 proteins in liver tissue ( X+ s, n=3)
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