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Abstract: Objective To explore nephrotoxic components and mechanisms of Isatidis Folium (IF) by integrating serum metabolomics
and network toxicology. Methods The nephrotoxic effect of IF was evaluated by continuous administration in rats for 90 d. Search for
differential metabolites and metabolic pathways through serum metabolomics. The potential nephrotoxic components and targets of IF
were analyzed by network toxicology. Integrate serum metabolomics and network toxicology to construct a "component-target-metabolite-
metabolic pathway" network. Results IF has certain nephrotoxicity. The results of serum metabolomics showed significant changes in
the levels of 67 metabolites, involving five major metabolic pathways. Network toxicology screened out 32 toxic components,
corresponding to 422 targets and 189 related pathways. Integrated analysis screened out six toxic components, including L-camphor,
wrightiadione, octanal, (-)-o-pinene, indigo and tetradecane, which could act on 27 targets, including PTGS2, PTGS1, SRC, CYP2A6,
CYP1A2, CYPI1ALI, etc. These targets interfered with the metabolism of citric acid, arachidonic acid, leukotriene Cs, pyridoxine, and
affected four key metabolic pathways of alanine, aspartate and glutamate metabolism, arachidonic acid metabolism, biosynthesis of amino
acids, and vitamin B6 metabolism. Conclusion Combined with serum metabolomics and network toxicology, the components and
mechanisms of nephrotoxicity of IF were elucidated, which provided reference for safe and rational clinical application of IF.
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Red arrow-dilation of renal tubules; blue arrow-cytoplasmic vacuolization; green arrow-mild glomerular atrophy; *P<0.05 ***P<0.001 vs control group.
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Fig.1 Serum biochemical indexes and pathological morphology of kidney in each group (HE staining)
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Table 1 Potential toxicity biomarkers
o . i H i E A
%5  ESI  tr/min 5'%ax DFa mlz s 0 B4
1 + 1.25 EA5IE (spermidine) C7H19N3 146.1658  0.033 t
2 + 127 BEREZMR (homoarginine) C7H16N402 189.1353  0.040 t
3 + 1.28 L-BEBEE (L-glutamine) CsH10N203 147.076 9 0.047 |
4 + 1.30  FHZEHE (betaine) CsHi1NO2 118.0869  0.007 |
5 + 131 L-R&E (L-citrulline) CsH13N303 198.0856  0.046 |
6 + 1.36  #i BB (trigonelline) C7H/NO: 138.0554  0.001 t
7 + 1.37  6-EF-D-Fi % BE (6-deoxy-D-glucose) C6H1205 187.0583  0.000 t
8 + 1.38  ZMBEARFHE (acetylcholine) C7H15NO2 146.1180  0.040 |
9 + 1.39 D-HABE-D-WEMR (D-alanyl-D-alanine)  CeHi2N203 161.0927  0.000 t
10 + 1.46 WRIEER (pipecolic acid) CsH1INO2 130.0868  0.009 t
11 + 1.83  4-HZE TR (4-guanidinobutyric acid) CsH1IN3O2 146.0929  0.000 t
12 + 298 S (guanosine monophosphate) CioH14NsOsP  364.0664  0.005 '
13 + 493 JHEZJE (porphobilinogen) CioH14N204 227.1033  0.023 t
14 + 5.05 Al (levodopa) CoH11NO4 198.076 8 0.011 t
15 + 5.17 N-HWBRJRER (N-formylkynurenine) C11H12N204 219.0770  0.043 t
16 + 5.18 TEFRMISHE (pyridoxamine 5-phosphate)  CsHisN20sP 249.0618  0.005 |
17 + 528 KA REmE (phenylacetylglutamine) — Ci3HisN204 287.1014  0.017 t
18 + 540 KJRIR (kynurenic acid) C10H7NO3 190.050 6  0.000 t
19 + 5.49 L-WefRfE (L-cystathionine) C/HuuN20sS  223.0753  0.006 t
20 + 570 2-WBEJRE (2'-deoxyuridine) CoH12N205 229.0816  0.013 t
21 + 5.76 D-iz %5 (calcium D-panthotenate) CisH22CaN201w0  477.1754  0.024 t
22 + 5.87 N-ZB-D-& [ (N-acetyl-D-tryptophan) Ci3H14N203 247.1085  0.027 t
23 + 6.14 D-2KNEM (D-phenylalanine) CoH1INO; 166.0869  0.025 t
24 + 6.39 BMEEE Cethinyl estradiol) C20H240: 297.1859  0.005 |
25 + 6.42  WERA Cestrone) CigH2202 253.1593  0.020 |
26 + 6.57 M =M C4 (leukotriene C4) CsoH#7N309S 6263134 0.044 t
27 + 6.69 VUYS L JFHH (tetrahydrocorticosterone) C21H3404 3682806  0.001 |
28 + 6.95 20-FRF: =% Bs (20-carboxy-leukotriene Ba) C20H300s 3672107  0.012 |
29 + 7.34 KRR (palmitoleic acid) Ci6H3002 2772170  0.001 1
30 + 7.49  WiHERE (cafestol) C20H2s03 3172112 0.006 1
31 + 784 13-FHEA )\ BEHE-9,11- /R (13-  CisHnO04 3352200  0.008 |
hydroperoxyoctadeca-9,11-dienoic acid)
32 + 8.19 HEJAE (dehydrocholic acid) C24H3405 385.2372  0.020 !
33 + 8.88  2-fEAEDUMEmRH S (2-arachidonoyl glycerol)  Ca3H3sO4 3612739  0.014 |
34 + 9.03 =4 (eicosatrienoic acid) C20H3402 307.2639  0.031 |
35 + 9.53 JMPERMENE (oleamide) CisH3sNO 2822797  0.023 |
36 + 9.69 il Q2 (coenzyme Q2) C19H2604 319.1953  0.006 |
37 + 9.74 FEAEEEATL (palmitoylcarnitine) C23HasNOs4 400.3439  0.017 |
38 + 9.89 It IE (pyridoxamine) CsHi2N20:2 359.1676  0.018 |
39 — 2.18 FrIFEMR (citric acid) CsHsO7 191.0190  0.017 |
40 — 229 4-AMRIHEEER (4-oxoproline) CsH/NO3 128.0343  0.038 t
41 — 4.60 H X M (mevalonic acid) CsH 1204 147.0653  0.005 )
42 — 513 4-ME%E: (4-pyridoxic acid) CsHoNO4 182.0451  0.001 t
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%5 ESI tr/min 5'%ax DFa mlz s % 4L

43 — 516 6-TRIFENE (trehalose 6-phosphate) Ci2H23014P  421.0748  0.008 t

44  — 522 WEEEE (pyridoxine) CsHiiNO3 168.0658  0.038 t

45  — 535 D-HEMEME (D-glucuronic acid) CsH1007 193.0346  0.004 t

46 — 539 2-FNHEERMR (2-isopropylmalate) C7H120s 175.0604  0.025 )

47  — 544  6-BER-D-A¥E (D-fructose 6-phosphate) CeHi300P 259.0214  0.007 t

48 — 548 FWMIEE (phenylpyruvic acid) CoHzOs3 209.0448  0.014 |

49 — 558 N-ZB-L-AAEER (N-acetyl-L-phenylalanine) CiHi3NO;  160.076 0  0.043 t

50 — 561 CLBEFMER (acetylcysteine) CsHoNOsS  162.0223  0.008 t

51 —  5.62 ZBEAT (acetylcarnitine) CoH17NO4 202.1079  0.014 t

52— 564 6-BiR-D-EILHAERE (D-glucosamine 6-phosphate) CeHisNOsP  258.038 5 0.032 t

53— 576 3-HEIEYE EREE (metanephrine) CioHisNOs  196.0973  0.012 |

54— 579 HIFIIRE E2 (prostaglandin E2) C20H3:05 3872022  0.003 t

55  — 586 3-FRHEEHE (3-hydroxybenzoic acid) C7H603 137.0235  0.006 t

56  — 587 2-#HEFEHER (salicylic acid) C7H4Os3 137.0235  0.006 t

57  —  6.05 FJRE (xanthurenic acid) C10H7/NO4 204.0296  0.000 t

58  — 641 FFAMHER (taurolithocholic acid) C26HasNOsS 4822943 0.033 |

59 — 6.51 FRJHMR (muricholic acid) C24H400s 4072798  0.025 |

60 — 691 LABEM-L-#BEE (L-glutamyl-L-glutamic acid) CioHisN207  275.0898  0.001 t

61 — 698 XHMME (deoxycholic acid) C24H4004 391.2849  0.025 |

62 —  7.04 MiEKHER (dehydroepiandrosterone) Ci19H2502 2872012  0.041 t

63 — 751 F/NEEZH (hexadecanedioic acid) C16H3004 2852067  0.025 |

64 — 822 THiFIIEE Fla (prostaglandin Fla) C20H3605 3552485  0.016 |

65 —  9.65 fEAVUJAER (arachidonic acid) C20H3:0: 303.2325  0.045 |

66 — 10.02 T ZikF)EE (docosapentaenoic acid) C22H3402 329.2481  0.003 '

67 — 1032 'BLJRER (adrenic acid) C22H3602 331.2637  0.019 |
t-LiE: b -

t-upregulated; |-down-regulated.

R2 REMUERSESMHTNER

Table 2 Prediction results of nephrotoxicity of chemical components in Isatidis Folium

EIke] D% 51K 5 TRREZE
1 ZKHE (benzaldehyde) C7HeO il 0.871
2 Ol (tryptanthrin) CisHsN20> AW, 0.850
3 2-[4-5E4K-3(4H)-MEMEE ] TR FF G [ methyl 2-(4-oxoquinazolin-3(4H)-yl) benzoate] CisH12N203 A4, 0.847
4 fi##f (adenosine) CioHisNsOs  #%H 0.835
5 JWA B (wrightiadione) C16Hs03 S B 0.834
6 (-)-0-TEH [(-)-o-pinene] CioHis HALilf 0.823
7 KZEE (phenylacetaldehyde) CsHzO il 0.816
8 ¥ (guanosine) CioHi3NsOs 1% 0.809
9 JEEEH (saponarin) C27H30015 BT 0.804

10 1E%EE (decanal) Ci10H200 Jg 0.792
11 + % (dodecane) Ci2Has bST 0.782
12 IEF® (nonanal) CoHis0 Jig iy T 0.764
13 ¢ (indigo) CisH1oN202 A= W0; 0.748
14+ V4% (tetradecane) CiaHso Y wsH 0.742
15 4-WEMEfH-2-H B2 2.8 (ethyl 4-quinazolone-2-carboxylate ) CuHioN203 A=W, 0.738
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95 L% 7 Kl ENsE
16 1E3F[% (octanal) CsHi60 Fig 1 0.726
17 IECE C(hexanal) CsH120 g 0.726
18 1-F)%-3-1% (1-octen-3-ol) CsHi60 Jilsgila e 0.704
19 IEPEE (heptaldehyde) C7H140 Jig iy g 0.700
20 1-ZBEXEEHE (1-acetylbisindigotin) C34H20N4Os A8 0.692
21 3,5-% " J#-2-Bd (3,5-octadien-2-one) CsHi20 Jig 57 el 0.689
22 F4E3E (isovitexin) C21H20010 5 0.675
23 phaitanthrin D Ci7HiN203 R0 0.661
24 JRFMEM Chypoxanthine ) CsHaNsO Wl FE 0.645
25 TERRER B Cethyl linolenate) C20H340: JIg 7 1 T 0.629
26 fuE (cytidine) CoHi3sNs:Os % 0.629
27 T (thymidine) CioHuuN205 14 0.625
28 +¥%ElE (lauric acid) Ci2H2402 i i R 0.625
29 JoJErEMN (L-camphor) CioH160 Bl 0.623
30 clionasterol C29Hs00 K 0.615
31 KRR (palmitic acid) Ci16H3202 il 0.608
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