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Abstract: The objective of this study was to analyze the effects on cell viability, apoptosis, and cell cycle of
non-small cell lung cancer (NSCLC) A549 cells after intervention with Agrimonia pilosa (AP) and investigate
Agrimonia pilosa anti-tumor activity in vitro. Meanwhile, liquid chromatography mass spectrometry (LC-MS)
metabolomics technology was used to analyze the changes of cellular metabolites and metabolic pathways. The
results of this study will provide a theoretical and experimental basis for investigating the mechanism of the effect
of Agrimonia pilosa on non-small cell lung cancer A549 cells. The results showed that the cell nucleus of A549
cells crumpled and apoptosis occurred with the increase of drug concentration. The survival rate of the cells
decreased, and the inhibition rate reached 21.5% and 91.74% under the low and high dose conditions, respectively.
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Lactate dehydrogenase (LDH) content increased (P < 0.05). Metabolomics results showed significant differences in
metabolism between groups, thirty-three distinct metabolites including LysoPC(24:0/0:0), LysoPC(17:0/0:0) and
PC(0-40:5) were deduced. The pathway enrichment showed that the Agrimonia pilosa plays an anti-tumor role

mainly by regulating the metabolism of glycerophosphate and purine in A549 cells, in which the effect on glycero-

phosphate metabolism pathway was most significant. The results of combined pharmacodynamics suggested that

Agrimonia pilosa might induce apoptosis and inhibit the growth of A549 cells by regulating LysoPC(24:0/0:0),
LysoPC(17:0/0:0) and PC(0-40:5) metabolites in A549 cells.
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The effect of Agrimonia pilosa on proliferation of A549 cells was detected by CCK-8 assay. A: Inhibition rate of A549 cells after

treatment with various concentrations of Agrimonia pilosa for 24, 48 and 72 h; B: Inhibition rate of A549 cells after treatment with various

concentrations of Agrimonia pilosa for 48 h.n=6,x 5. "P<0.05, "P < 0.01, P < 0.001 vs control group
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Figure 2 Effect of aqueous extract of Agrimonia pilosa on lactate
dehydrogenase (LDH) content of A549 cells supernatant. n = 6,
x+s."P<0.05,"P<0.01 vs control group
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Figure 3  Effect of Agrimonia pilosa on nucleus morphology of
A549 cells (10x10). A: Control; B: 12.5 mg-mL™"; C: 25 mg-mL";
D: 50 mg-mL"
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Figure 4 AO/EB staining for apoptotic cells (10x10). A: Control;
B: 12.5 mg'mL"; C: 25 mg'mL"; D: 50 mg-mL"
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Figure 5 Effect of Agrimonia pilosa on the distrbution of A549 cell cycle. A: Control; B: 12.5 mg-mL™"; C: 25 mg-mL"; D: 50 mg-mL"
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Figure 6

Results of PCA and TIC. A: PCA results of all samples vs QC samples in positive ion mode; B: PCA results of all samples vs QC

samples in negative ion mode; C: TIC results of control group in positive ion mode; D: TIC results of treatment group in positive ion mode;

E: TIC results of control group in negative ion mode; F: TIC results of treatment group in negative ion mode
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Figure 7 Permutation test results and PLS-DA results in control group vs treatment group (n = 200). A: Permutation test results with

positive ions mode; B: Permutation test results with negative ions mode; C: PLS-DA results with positive ion mode; D: PLS-DA results with

negative ion mode
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Figure 8 Heat map and metabolic pathway analysis. A: The heat map analysis of differential metabolites. Rows: metabolites; Columns:

samples. Color key indicates the concentration of metabolites. Blue-violet: lowest; red: highest. B: The metabolic pathway analysis was

represented by bubble diagram
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Table 1

tance in the projection; ESI: Electron spray ionization; RT: Retention time

The potential biomarkers between control group and treatment group. HMDB: Human metabolome database; VIP: Variable impor-

NO Metabolite HMDB ID m/z RT/min Fold change VIP  ESImode Formula Trend
1 O-Arachidonoyl ethanolamine HMDBO0013655  347.2819 5.132 35.201 1.962 [M+H]" C,,H,,NO, Up
2 Diethyl oxalpropionate HMDB0032306  243.110 8 1.922 26.983 1.961 [M+H]" C/H O, Up
3 N-Eicosapentaenoyl methionine HMDB0242076  433.261 7 4.467 13.959 1958 [M+H]" C,H,NO,S Up
4 N-Palmitoyl tyrosine HMDB0062340  419.306 9 7.526 0.036 1.951 [M+H]" C,H,NO, Down
5 N-Stearoyl glutamic acid HMDB0241942  413.313 8 5.709 0.229 1949 [M+H]" C,H,NO; Down
6 LysoPC(24:0/0:0) HMDBO0010405  607.458 7 9.175 5.394 1.946  [M+H]" C,H,NO.P Up
7  N-Stearoyl leucine HMDB0241945  397.354 3 6.579 5.660 1.942  [M+H]" C,H,NO, Up
8 N-Eicosapentaenoyl cysteine HMDBO0242068  405.2357 5.330 27.366 1.941 [M+H] C,H,;;NO,S Up
9 9'-Carboxy-gamma-chromanol HMDBO0012868  376.261 2 4.557 36.682 1.941 [M+H]" C,H,0, Up

10 PE(20:3(6,8,11)-OH(5)/Di Me((13,5)) HMDB0284957  879.5943  15.893 0.157 1938 [M+H]" C,H,NO,P Down
11 13'-Hydroxy-gamma-tocotrienol HMDBO0012562  426.313 5 8.557 7.322 1.937 [M+H]" C,H,O0, Up
12 N-Palmitoyl leucine HMDB0241928  369.324 2 9.305 0.264 1958 [M+H]" C,H,NO, Up
13 Sphingosine (1+) HMDB0062807  299.282 3 5.827 0.293 1917 [M+H]" C,H,NO, Down
14 Deoxyguanosine HMDBO0000085  202.5808  12.957 3.577 1.942 [M+H]" C,H,N,0, Down
15 Arachidonoylcholine HMDB0240583  201.163 7 5.473 48.075 1934  [M+H]" C,H,NO, Up
16 LysoPC(17:0/0:0) HMDBO0012108  509.348 7 8.516 11.826 1924 [M+H]" C,H,NO.,P Up
17 5-Dehydroavenasterol HMDB0006852  410.354 9 8.262 12.661 1946 [M+H]" C,H,O Up
18  (+)8(9)-EET ethanolamide HMDBO0013659  193.158 9 4.130 14.884 1.943  [M+H]" C,H,NO, Up
19 Paxilline HMDB0030323  198.1279 7.649 9.937 1901 [M+H]" C,H,NO, Up

20 Physalin E HMDBO0034330  544.1919 2.923 23.162 1914 [M+H]" C,H,0, Up

21 LysoPS(16:0/0:0) HMDB0240605  497.275 4 6.343 2.926 1914 [M+H]" C,H,NO,P Up

22 LysoPE(18:0/0:0) HMDBO0011130  481.316 8 7.578 3.720 1914  [M+H]" C,H,NOJP Up

23 PC(0-40:5) HMDB0013444  821.636 0 15.89 0.157 1908 [M+H]" C,HNOP Down

24 S-(Formylmethyl) glutathione HMDB0060507  349.094 1 0.600 0.037 1905 [M+H]" C,H,N,0.S Down

25 Oleoyltaurine HMDB0242113  389.259 6 6.824 7.412 1.904 [M+H]" C,H,NO,S Up

26 PS(PGFlalpha/22:0) HMDB0282973  919.611 0 6.798 8.468 1901 [M+H]" C,H,NO,P Up

27 N-Stearoyl tryptophan HMDB0241951  470.347 9 5.233 6.144 1817 [M-H]” C,H,N,0O, Up

28 LysoPA(i-19:0/0:0) HMDBO0114766  452.294 1 5.726 73.428 1812 [M-H]” C,HOP Up

29 LysoPE(O-18:1(12)/0:0) HMDB0240598  465.323 6 7.032 4.996 1.804 [M-H]” C,H,NOP Up

30 N-Stearoyltaurine HMDB0240595  391.276 7 7.809 16.561 1.801 [M-H]" C,H,NO,S Up
31 N-Eicosapentaenoyl proline HMDB0242078  399.274 4 5919 3.367 1.801 [M-H]" C,H,,NO, Up
32 5'-Carboxy-gamma-chromanol HMDB0012799  306.184 0 5.354 12.849 1.821 [M-H]" CH,0, Up
33 1-Stearoylglycerophosphoserine HMDBO0061698  525.308 2 7.417 5.065 1.807 [M-H]” C,H,NO/P Up
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