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Abstract: Objective To investigate the effects of Esculentoside A (EsA) on cellular metabolites before and after injury of human
renal tubular epithelial HKC cells, and to find potential biomarkers based on cell metabolomics techniques. Methods MTT method
was used to detect the effect of ESA 0 (control group), 0.125, 0.250, 0.500, 0.750 and 1.000 mmol/L on the activity of HKC cells;
Kit method was used to detect the effect of ESA 0 (control group), 0.25 and 0.75 mmol/L on the content of LDH in the supernatant
of HKC cells, so as to determine the nephrotoxicity of EsA; By using UPLC-Q/TOF-MS analysis technology, the HKC cells treated
with EsA 0 (control group), 0.25 and 0.75 mmol/L for 24 hours were analyzed by metabonomics. The data were processed by
Progenesis QI software and imported into SIMCA-P12.0 Software carries on multivariate statistical analysis, uses PCA to eliminate
outliers, carries on OPLS-DA to obtain variable weight value (VIP), selects VIP > 1 differential metabolite, carries on the test,
obtains the biomarker with statistical significance. Biomarkers were identified by HMDB, KEGG, metlin and other metabolite
databases, and metabolic pathways were analyzed by metpa platform. Results After stimulation with EsA, HKC cells showed a
decrease in cell viability (P < 0.05) and up-regulation of LDH in cell supernatant (P < 0.05), 15 biomarkers were screened by
metabolomics technology and related database analysis, mainly related to glycerophospholipid metabolism, pyrimidine metabolism,
sphingolipid metabolism, amino acid metabolism and energy metabolism pathway. Conclusion EsA can induce renal cell injury, may be

associated with oxidative stress damage, amino acid metabolism disorders, abnormal energy metabolism, and lipid metabolism disorders.
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FABGARAXAE 490 nm AL & TG RE (D . SLIRE S
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Table 1 Effect of different concentrations of EsA on HKC

cell viability (x+ s,n=5)

panail W JE/(mmol-L™) TG 2%

Xt HE — 100

EsA 0.125 93.70+5.02
0.250 83.89+2.46"
0.500 58.73£3.91°
0.750 32.7244.10™
1.000 16.25+4.87"

xR - P<0.05 " P<0.01
“P <0.05"P<0.01 vs control group
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e W EE/(mmol-L ™) LDH/(U-L™")
papiist — 75.56+5.98
EsA 0.25 96.97+4.71
0.5 120.76+1.40"
0.75 140.07+6.42™
Ext R4 P<<0.05 " P<<0.01
“P<<0.05 *P<<0.01 vs control group
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A-PCA scores of of EsA 0.25.0.75 mmol/L group and control group, R2X=0.705, 0?=0.446 ; B-OPLS-DA scores of EsA 0.25.0.75 mmol/L group
and control group, R?X=0.938,R*Y=0.998,0>=0.953; C-OPLS-DA of EsA 0.25 mmol/L group and comtrol group score chart, R?X=0.938, R*Y=
0.996, 0>=0.918; D-OPLS-DA score map of EsA 0.75 mmol/L group and comtrol group, R?X=0.946, R?Y=999, 0?=0.984.

B1 EBETFEASTHITSE

Fig.1 Multi-statistical analysis of positive ion mode
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& 2

ABEFRA TSIt S TE

Fig. 2 Graph of multivariate statistical analysis of negative ion mode

®3 EBTHEATERMEREY

Table 3 Identification results of differential markers in positive ion mode

7 s N TEL s AR
E {4 {fj /mfz st 7::/”)5 I;E;f ‘*fj VIP zg a5

1 B-D-RFE-6-ThEe 6.28 C4H,;0,P 261.0349 261.0375 -9.96 1.1727 4* EsA0.75 mmol/L

2 S-FEREASBEH AR 264 C HN,O,S  353.1104 353.1131 -7.62 7.1631 ¥* EsA0.25.0.75 mmol/L
3 HIEREMAEZ  11.09 C,,HyNO 728.6028 728.6040 -1.64 19388 A* EsA0.75 mmol/L

4 L- TR A 1.22 C,H,,NO, 204.1254 204.1236 882 1.0178 ¥ ** EsA0.25 mmol/L

5 TR T i % 9.64  C,H;N,O,PS 327.0687 327.0681 1.83 25043 4* EsA0.75 mmol/L

6 PC(15:0) 10.71 C,HNOPP 7405987 740.5958 395 1.2429 A** EsA0.75 mmol/L

7 CE(16:1) 9.11 C,:H,,0, 640.606 5 640.6033  5.02 44235 A* EsA0.75 mmol/L

8 PC(20:3) 1120 Cu,HGNO,P 7325662 7325618  6.01 4.6312 A* EsA0.75 mmol/L

9 LPC(20:4) 3.25 CxH NO,P 5263267 5263298 -589 1.0683 4* EsA0.75 mmol/L

10 LPC(18:1) 596  C,Hu,NO,P 5223561 5223560 0.19 1.5072 +* EsA0.25.0.75 mmol/L

A FIR S0 R B BOKT LT s v FOR S50 BRALAE LKT R

:"P<<0.05 "P<<0.01

A Indicates an increase in level compared to control group: v indicates a decrease in level compared to control group: “P < 0.05 *P < 0.01
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Table 4 Identification results of differential markers in negative ion mode
R S G T P 1 e R T Bl ML
[8]/min z 10° f=E2]

1 2-RAHESEREE 1034 C.H,,0s 157.0497 157.0501 -2.55 6.6713 A ** EsA0.25.0.75 mmol/L
2 5- F 5 i v g 9.73 CsH;N;O 106.0395 106.0405 -9.00 55894 A* EsA0.25.0.75 mmol/L
3 i 1057 C,H,N,0; 223.0730 223.0719 4.85 43368 ** EsA0.25.0.75 mmol/L
4 PEC18:1) 9.17 C,H NOPP 7445567 7445543 328 1.1845 vy * EsA0.25 mmol/L
5 FEHRR 10.41 C,H,,0; 155.0347 155.0344 2.07 6.8395 A* EsA0.25.0.75 mmol/L

A R G BALA LLKE LT s v 2R 5 IR 4LA LK R BE ;"P<<0.05 **P<<0.01

A Indicates an increase in level compared to the control group; v indicates a decrease in level compared to the control group; “P<0.05"*P<0.01
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Fig. 3 Schematic diagram of metabolic pathways obtained by MetPA analysis of EsA toxic biomarkers (A) and differential

metabolite heat map between drug-administered group and control group (B)
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Table 5 Results from pathway analysis with MetPA
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