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Study on untargeted metabolomics of Codonopsis pilosula from
different producing areas based on ultra-performance liquid
chromatography tandem high resolution mass spectrometry
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Abstract: Lu Dangshen, a traditional authentic medicinal material of Codonopsis Radix is mainly produced
in Shangdang (Changzhi) area of Shanxi Province. Baitiao Dangshen is mainly produced in Gansu Province.
Codonopsis Radix contains many kinds of components such as phenylpropanoids, polyalkynes, alkaloids, terpenes,
fatty acids, flavonoids, and so on. At present, the effect of producing areas on its chemical compositions has not
been systematically studied. This study analyzed the differences of metabolites among Codonopsis pilosula from
different producing areas by UPLC-HRMS. PCA, OPLS-DA coupled with Thermo mzcloud online and local
databases were used to compare the overall differences of metabolites among Codonopsis pilosula from different
producing areas, and the chemical constituents were identified to further screen and find out the different
metabolites and analyze the metabolic pathways by information retrieval in HMDB, PubChem, Chemspider and
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KEGG databases. The results showed that 72 differential metabolites were identified in this study. There were
15 kinds of up-regulated and 57 kinds of down-regulated metabolites of Lu Dangshen compared with Baitiao

Dangshen. The top 30 metabolic pathways were analyzed by KEGG enrichment, and the most important metabolic

pathways were phenylpropanoid biosynthesis, which was demonstrated that phenylpropanoid biosynthesis pathway

and related intermediate metabolites could be used as the characteristics of distinguishing Lu Dangshen from

different habitats of Codonopsis pilosula. The present study provided a basis for analyzing the influence of

producing areas on the chemical components of Codonopsis pilosula and reasonably evaluating the quality of

Codonopsis Radix, and also provided a new idea for expounding the authenticity of Lu Dangshen.

Key words: untargeted metabolomics; Codonopsis pilosula (Franch.) Nannf, small molecular chemical

component; phenylpropanoid
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Table 1 Information collection of twenty-nine batches of
Codonopsis pilosula. The growth years of all experimental materi-

als are two years

Number Trade name Sample
1 Ludangshen (LD)  PS1

Geographical origin

Pingshun, Changzhi, Shanxi

2 PS2 Pingshun, Changzhi, Shanxi
3 PS3 Pingshun, Changzhi, Shanxi
4 PS4 Pingshun, Changzhi, Shanxi
5 PSS Pingshun, Changzhi, Shanxi
6 PS6 Pingshun, Changzhi, Shanxi
7 HG1 Huguan, Changzhi, Shanxi
8 HG2  Huguan, Changzhi, Shanxi
9 HG3 Huguan, Changzhi, Shanxi
10 HG4  Huguan, Changzhi, Shanxi
11 HGS5 Huguan, Changzhi, Shanxi
12 HG6  Huguan, Changzhi, Shanxi
13 HG7  Huguan, Changzhi, Shanxi
14 HG8  Huguan, Changzhi, Shanxi
15 LCl1 Lingchuan, Jincheng, Shanxi
16 LC2 Lingchuan, Jincheng, Shanxi
17 LC3 Lingchuan, Jincheng, Shanxi
18 LC4 Lingchuan, Jincheng, Shanxi
19 LCs Lingchuan, Jincheng, Shanxi
20 LC6 Lingchuan, Jincheng, Shanxi
21 LC7 Lingchuan, Jincheng, Shanxi
22 LC8 Lingchuan, Jincheng, Shanxi
23 LC9 Lingchuan, Jincheng, Shanxi
24 Baitiaodang (GS)  GS1 Weiyuan, Dingxi, Gansu
25 GS2 Weiyuan, Dingxi, Gansu
26 GS3 Weiyuan, Dingxi, Gansu
27 GS4 Weiyuan, Dingxi, Gansu
28 GS5 Weiyuan, Dingxi, Gansu
29 GS6 Weiyuan, Dingxi, Gansu
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Figure 1 The TIC of PS1 in the positive ion mode (A), the negative ion mode (B). The TIC of GS1 in the positive ion mode (C), the nega-

tive ion mode (D). The peak numbers in A, B, C and D were in accordance with Table 2, respectively
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Figure 2 PCA scores of LD group and GS group
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Table 2 Differential metabolites of LD group and GS group. Up and down represent higher and lower in LD group compared with GS

group, respectively. FC: Fold change

P;Zk Metabolite Formula t/min mlz ITon VIP P Log,FC Regulated

1 Dipivefrin C,,H,,NO; 14.367 351.205 + 12.450  0.028 -1.986 Up

2 1-Linoleoylglycerophosphocholine C,H,NO,P 23.701 519.333 + 10.167  0.016 1.587 Down
3 Proline C,H,NO, 1.039 115.064 - 8.709  0.008 2.138 Down
4 1-Palmitoylglycerophosphocholine C, H,NO,P 24.151 495.333 + 8.708  0.002 1.571 Down
5 Codonopsinol B C,,H,,NO, 5.769 253.131 + 6.774  0.013 1.466 Down
6 Propanidid C,H,,NO; 12.224 337.189 - 6.401  0.001 -2.165 Up

7 D-Raffinose C,H,,0,, 1.510 504.169 - 6.366  0.009 1.241 Down
8 Codonopsinol A C,H NO; 2.633 269.126 + 6.059  0.008 1.392 Down
9 Ethopabate C,H ,NO, 2.662 237.100 - 6.031 0.008 1.395 Down
10 L-Pyroglutamic acid C,H,NO, 0.974 129.042 - 5.881 0.001  -1.835 Up
11 9,11-Octadecadienoicacid C,H,,0, 24.872 294.220 + 5.701 0.022 1.409 Down
12 Atractylenolide III C,H,0, 22.520 248.141 - 5.580  0.017 -2.435 Up
13 Tangshenoside I C,,H,,0 ¢ 11.347 678.633 + 4728  0.024 -1.910 Up
14 L-Glutamic acid C,H)NO, 0.979 147.053 - 4.654  0.002 -1.134 Up
15 Afegostat C,H ;NO, 1.098 147.090 - 4258  0.001 -2.410 Up
16  Pipecolic acid CH, NO, 1.102 129.079 + 4246  0.001 -2.409 Up
17 D(-)-Amygdalin C,.H, N,O, 13.847 558.231 - 3.937  0.008 3.071 Down
18  Bis-D-fructose C,H,0, 1.537 324.105 - 3910  0.002 3.001 Down
19 (+/-)9,10-Dihydroxy-12Z-octadecenoic acid C.H. 0, 23.108 314.246 - 3.837  0.004 2.200  Down
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Continued
Peak . .
No. Metabolite Formula f/min mlz Ion VIP P Log,FC Regulated
20 Renardine C,H, NO, 10.681 365.184 - 3.805 0.007 -1.421 Up
21 Maltopentaose C,,H,,0, 1.595 850.257 - 3.266 0.017 1.532 Down
22 Maltotetraose C,H,,0,, 1.542 688.204 + 3.174  0.010 1.170 Down
23 Syringin C,H,,0, 10.078 372.367 - 3.049  0.003 -2.521 Up
24 O-Succinyl-L-homoserine C,H;NO( 0.986 219.074 + 2.925 0.016 1.371 Down
25  Chlorogenic acid C,H,0, 8.604 354.095 - 2.903 0.005 1.635 Down
26 Muramic acid C,H ,NO, 0.990 269.111 - 2.870  0.026 1.541 Down
27  D-Arabinonate CH, 0, 0.996 166.048 + 2.842  0.000 1.390 Down
28  N-alpha-Acetylarginine CH N,O, 1.541 216.123 - 2.814  0.023 2.136 Down
29  N-D-Glucosylarylamine C,,H ;NO; 1.536 255.111 + 2.812 0.024 1.153 Down
30 Lotaustralin C, H,/)NO, 1.532 261.121 + 2.6153  2.202 1.762 Down
31 Coniferin C,H,,0, 9.841 342.131 + 2.553  0.004 3.534 Down
32 Rosmarinine C,H,)NO, 10.127 353.184 - 2453  0.014 -2.822 Up
33 Ascorbyl stearate C,H,,0, 25.375 442.293 - 2.261 0.021 1.825 Down
34 2-Isopropylmalic acid C,H,,0q 8.035 176.068 - 2.166  0.024 4.105 Down
35 Phloionolic acid C,H, 0, 21.305 332.256 - 2.160  0.044 2.837 Down
36 2-Oxovalericacid C,H,O, 8.025 116.047 - 2.160  0.024 4.089 Down
37  N-linoleoyl-4-aminobutyric acid C,,H;,)NO, 25.876 365.293 + 2.137 0.002 3.177 Down
38 1-Hydroxycholic acid C,,H,,0, 25.374 424.282 - 2.116  0.016 1.849 Down
39  l-alpha-D-Galactosyl-myo-inositol C,H,,0, 1.541 342.116 - 2.097  0.015 2.879 Down
40  Picrotoxinin C.H O, 10.023 292.094 + 1.9508  0.009 1.992 Down
41 Alloxydim C,,H,\NO, 9.249 323.173 + 1.887  0.015 -3.124 Up
42 9,12,13-Trihydroxy 10,15-octadecadienoic acid CH,,0q 21.033 328.225 + 1.806 0.010 1.968 Down
43 Miglitol C.H,NOj 0.979 207.111 - 1.750  0.035 1.627 Down
44 1,4-D-Xylobiose C,,H0, 1.514 282.095 + 1.697  0.011 1.126 Down
45  L-Lathyrine C.H N0, 1.030 182.080 + 1.678  0.029 1.770 Down
46  Biphenyl C,H, 13.417 154.078 - 1.661 0.015 2.407 Down
47 Linoleoyl ethanolamide C,,H;,NO, 25.777 323.282 - 1.574  0.001 2.002 Down
48  Adenine CH,N, 1.085 135.055 + 1.574  0.030 1.538 Down
49  3-Methylcrotonylglycine C,H NO, 1.074 157.074 + 1.561 0.011 2.324 Down
50 Uridine C,H ,)N,O, 2.040 244.069 - 1.536  0.013 1.325 Down
51 Methyl cinnamate C,,H,,0, 9.754 162.068 + 1.516  0.011 2.860 Down
52 Secologanin C,,H,,0, 8.156 388.137 + 1.404 0.008 3.179 Down
53 Methyldopa C,HNO, 9.606 211.084 - 1.383  0.005 1.302 Down
54  Sinapoylcholine C,H,,NO 7.867 309.158 + 1.341  0.042 -1.955 Up
55  Palmitoylglucuronide C,,H,,0, 25.989 418.293 - 1.315 0.004 1.078 Down
56 1,3-Dihydroxy-1-(7-methoxy-2-oxo-2H-chromen-  C, H,O, 12.982 400.150 - 1.308  0.020 1.606 Down
6-yl)-3-methylbutan-2-yl 3-methylbutanoate
57  cis-Aconitic acid CHO, 1.639 174.016 - 1.283 0.004 2.109 Down
58 Cortol C,H, 0, 23.948 368.256 + 1.258  0.018 1.149 Down
59  Atractylenolidel C,HO, 23.917 230.131 - 1.241  0.023 -2.809 Up
60 Dubinidine C,;H,,NO, 8.556 275.116 - 1.234  0.036 3.356 Down
61 9-Oxo0-ODE C,H,,0, 22.554 294.220 + 1234 0.001 1.700 Down
62  Amylose C,H,0, 2.828 370.148 - 1.222 0.022 2.169 Down
63  3,4-Dihydroxymandelaldehyde CH,0, 1.055 168.042 + 1.212  0.028 1.008 Down
64  N-Acetyl-D-sphingosine C,,H;,)NO, 26.458 341.293 - 1.204  0.003 1.975 Down
65 (E)-Glutaconate CH.O, 1.626 130.027 - 1.201  0.001 1.302 Down
66 Palmitoleic Acid C,H,0, 20.864 276.209 + 1.186  0.012 1.165 Down
67 Carbofuran C,H,\NO, 6.271 221.105 - 1.161  0.004 2.209 Down
68 7-Hydroxycoumarine C,HO, 8.605 162.032 - 1.155  0.005 1.494 Down
69  (+/-)12(13)-DiIHOME C,H,,0, 21.325 296.235 + 1.124  0.049 2.456 Down
70  Fenipentol C,HO 25.444 164.12 + 1.121 0.032  -3.960 Up
71 Linoleic acid C,H,,0, 25.380 280.240 - 1.119 0.040 1.569 Down
72 5-Methyldeoxycytidine C HN.O, 4.551 241.106 - 1.108  0.030 1.150  Down
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Figure 6 KEGG pathway enrichment of differential metabolites in LD group and GS group. The size of the dots in the figure represented

the number of significantly different metabolites enriched in the corresponding pathway
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