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Abstract: The identification of the components absorbed in serum of platycosides in total saponins fraction of
Platycodonis Radix is great significance, but there are still great challenges. In this study, 8 types of 44 primordial
components from Platycodon saponins were firstly identified using the ultra-performance liquid chromatography-
linear ion trap electrostatic field orbitrap high resolution mass spectrometry (UPLC-LTQ-Orbitrap-MS) equipped
with the software of Compound Discoverer 3.2 and Trace finder 2.1. Then, the platycosides and their deglycosylated
metabolites were used as the template molecules to construct the intestinal microbiota mediated method to identify
the primary components and the prototypes in serum. As results, 57 components originating from 44 prototypes
of platycosides were identified from drug-containing plasma. Those compounds consist of 12 prototypes of
platycosides and 45 metabolites, while the prototypes in serum are also deglycosylated metabolites of other
platycosides. The results showed that the intestinal microbiota mediated method could be applied to identify the
metabolites of platycosides in total saponins fraction of Platycodonis Radix, and reveal the potential existing forms

of prototypes of platycosides in plasma; In addition, it could clearly illustrate the one to many and many to one
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network of the prototypes and metabolites of platycosides. All animal protocols were approved by the Animal
Ethics Committee of Jiangxi University of Traditional Chinese Medicine (No.JZLLSC-202100322).
Key words: platycoside; prototype; metabolite; intestinal microbiota mediated method
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Table 1 Identification of components in platycosides fraction (PF). Ion mode: M—H
. . t Error .
No. Identification Name R Formula m/z Fragment ion Ref.
/min (ppm)
1 Deapio-platycoside E AP1 1562 C,H,0, 14156309 -1.13 1005.4863;843.4242 [14]
2 Platycoside E AP2 1740 CH,,0,, 15476738 -0.65 1005.4495;519.3206 [3]
3 Platycodin D3 AP3 2385 C,H,,0,, 13856193 -195 843.4071;1253.5495 [2]
4 3"-0-Acetyl platycodin D3 AP4 2487 C;H,,0,, 14276293 -224 1385.5824;843.4131 [15]
5  Platycoside G2 APS 2728  C,H,0,, 1283.5896 -0.55 843.3629;519.2703 [16]
6  Deapio-platycodin D2 AP6 30.14  C,H,,0, 12535773  -1.92 843.408 5; 681.381 6 [6]
7  Deapio-platycodin D AP7 3041  C,HO,, 1091.5251 -1.65 681.360 3;519.3429 [17]
8  Platycodin D2 APS8 3190 C,H,,0,, 13856215 -0.37 843.4071;1253.5495 [18]
9 Platycodin D AP9 3223 C, H,,0, 1223.5658 -2.70 681.3435;1091.5110 [2]
10 Platycoside F AP10 3444 C_H,O,, 959.4845 -0.10 681.3742;797.4314 [2]
11 Platycodins K AP11 3542  C,H0,, 12795582 -0.63 827.4633;1147.5447 [2]
12 Platycoside B AP12 3583  C,HO,, 1133.5353  -1.85 681.3935;1091.5438 [18]
13 3-O-B-D-Gentiobiosyl platycodigenin methylester ~ AP13  36.75 C,H, 0O, 857.456 0 3.62  797.613 4; 858.662 5 [19]
14 2"-O-Acetyl-platycodin D2 AP14  38.08 C.H,,0, 1427.6304 -1.47 13856233;843.4827 [16]
15  Platycoside L AP15 5252 C,HO, 843.4354 -2.25 519.291 1;681.346 9 [7]
16  Platycoside K AP16 5283 C,H.O, 843.436 8 -0.59 519.291 3;681.346 9 [7]
17 3-O-p-D-Glucopyranosyl platycodigenin AP17 5496 C,H,O,, 6813838 -1.03 519.2954 [3]
18  Platycodigenin AP18 5793 C,H,O, 519.332 1 096 501.136 8 [3]
19  Platycoside D BP1 2525 C,H,,0,, 15316782 -1.11 827.428 4;665.452 7 [20]
20  Polygalacin D2 BP2 3288 C,H,,0,, 1369.6262 -0.66 827.4111;6653945 [16]
21  Polygalacin D BP3 33.74 C,H,,0, 1207.5736 -0.50 1075.503 1;665.3615 [19]
22 3"-O-Acetyl polygalacin D BP4 35.14  C,H,,0, 1249.590 2 432 1207.5584;665.3767 [18]
23 Platycoside J BP5 3880 C,H,O, 1075.5308 -1.12  665.363 0;503.333 4 [18]
24 2"-O-Acetyl polygalacin D2 BP6 40.03 C,H,0,, 14116348 -1.98 1369.6547;827.4365 [21]
25  3-O-p-D-Laminaribiosyl polygalacic acid BP7 5597  C,HLO,, 827.4420 -0.48 503.317 4;665.378 4 [22]
26  3-O-p-D-Glucopyranosyl polygalacic acid BP8 56.85 C,HO, 6653882 -1.95 647.233 6;503.3343 [14]
27  Methyl-3-O-f-D-glucopyranosyl polygalaeate BP9 62.71 C_H,O, 679.4000 -7.66 633.371 3;661.2297 [19]
28  Polygalacic acid BP10 6450 C,H,O, 503.3372  -0.99 485.111 5; 503.195 3 [22]
29  Platyconic acid A CPI1 3001  C,H, 0, 12375463 -1.70 827.4339 [7]
30 Platyconic acid E CP2 3752 CH,0,, 12675569 -1.66 1117.5832 [23]
31  2"-O-Acetyl platyconic acid A CP3 43.07 C,H,0,, 12795551 -3.05 1147.5774;827.4633 [2]
32 Platyconic acid C CP4 43.11  C,H,0, 11055049 -1.09 943.5219;695.4154 [23]
33 Platycoside O DP1 36.61  C,H,O, 1119.5206 -1.07 635.3336;1119.1786 [15]
34  Platyconic acid A methylester DP2 39.80 C,H,,0, 1251.5604 -2.96 635.3308;1089.5179 [7]
35 Deapio-platyconic acid A lactone EP1 33.29 C,H,0,, 10874949 -0.64 1069.5653 [7]
36  Platyconic acid A lactone EP2 3472 C,H,O, 1219.5339 =320 677.3247,1087.6516 [7]
37  Platycoside M-2 EP3 50.80 C,H,,0, 955.459 3 6.28 937.188 6;793.3356 [24]
38  Platycoside M-1 EP4 5336 C,H,0, 6773530 -0.30 659.374 8 [18]
39  Platycogenic acid A lactone EPS5 53.73  C,H,,0, 515.3013 1.94 495.0302 [7]
40  3-O-p-D-Glucopyranosyl-(1—3)-4-D- FP1 51.19  C,H, 0, 841.4590 1.19  679.347 6; 517.300 9 [25]
glucopyranosyl-24,12a,16a,23a-
tetrahydroxyoleanane-28(13)-lactone
41 3-O-p-D-Glucopyranosyl-24,12a,160,23,24- FP2 56.90 C,H, O, 695.3973  -4.03 533.301 0; 676.848 4 [25]
pentahydroxyoleanane-28(13)-lactone
42 16-oxo-Platycodin D GP1 3746 C,H, 0 1221.5511 =197 1089.4700;679.3422 [7]
43 Platycogenin A HP1 5390 C,HO, 827.4417 -0.85 503.317 4;665.378 4 [17]
44  Platycogenic acid C HP2 59.78 C,H,O, 503.3356 -2.19 485.179 4 [7]
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Figure 2 TIC of chemical constituents in the plasma after intragastric administration of PF in rats in negative ion mode. A: TIC of blank

blood sample; B: TIC of drug-containing blood sample
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Table 2 Identification of metabolites of PF in rat plasma
No. Identification Name Formula  £/min m/z Error . Peak Fragment
(ppm) intensity ion
1 Deapio-platycodin D2 AP6-M1 CH,,0,, 3020 1253.5862 5.19 857  843.473 5,
1091.610 4
2 Deapio-platycodin D AP7-M2 C,H,0,, 3040 1091.5260 -0.82 2608  681.3239;
1091.467 5
3 Platycodin D2 AP8-M3 C,;H,,0,, 3196 13856191 -2.09 2519  843.4508;
12239149
4 Platycodin D AP9-M4 C,H,,0,, 3216 12235659 -2.62 13791 681.4111;
1091.693 1
5 Hydroxylated platycoside metabolite AMS C,H,,0,, 32.62 12395819  14.37 402 -
6 PD-api-xyl-rha dehydrogenated metabolite AM6 C,H, O, 5244 8114253  17.51 16 640 -
7 PD-glc-api-xyl hydroxylated metabolite AM7 C,H, O, 54383 813.4188 -9.12 29671 -
8 3-0-f-D-Glucopyranosyl platycodigenin AP17-M8  C,H,0,, 5498 681.3828 -2.50 921 -
9 PD-api-xyl-rha methylated metabolite AM9 C,H O, 5626 8274365 -7.13 26 141 -
10 Platycodigenin AP18-M10 C,H,O, 57.88 519.333 5 3.66 6 506 -
11 Platycodigenin dehydrogenated metabolite AMI11 C,,H,0, 58.45 517.316 0 0 18016  496.991 3;
449.078 3
12 Polygalacin D2 BP2-M1 Ci,H,,0,, 3296 1369.6262 -0.66 2235 8273507
503.441 0
13 Polygalacin D BP3-M2 C,H,,0,, 3375 1207.5786 3.65 1851  665.373 2,
1207.2920
14 Polygalacin D-glc-api-xyl dehydroxylated metabolite BM3 C,H O, 58.02 765.453 1 14.51 32 883
15 Polygalacin D-glc-api-xyl-rha BM4 C,H, 0, 6131 6353759 -4.88 39541  403.283 1;
5713275
16 Polygalacin D-api-xyl-rha dehydroxylated metabolite BM5 C,H, O, 6148 781.4227 -18.18 45908 -
17 Polygalacin D-glc-api-xyl-rha-ara dehydrogenated BM6 C,H, O 64.93 501.3210 -0.20 11 100 -
metabolite
18 Polygalacin D-glc-api-xyl-rha methylated metabolite BM7 C,H O, 06496 649.3888 -8.94 27070 -
19 Polygalacin D-api-xyl-rha acetylated metabolite BMS8 C,H O, 6498 839.444 5 2.50 14 119 -
20 Polygalacin D-glc-api-xyl-rha glucuronicated metabolite BM9 C,H,O, 6513 811.4108 -0.37 13749 -
21 Polygalacin D-glc-api-xyl-rha-ara decarboxylated BM10 C,H,0, 65.22 459.3473 1.53 28030 -
metabolite
22 Polygalacin D-glc-api-xyl-rha-ara acetylated metabolite =~ BM11 C,,H,,0, 65.67 5453464 -1.65 237331 527.273 4;
501.260 1
23 Polygalacin D-glc-api-xyl-rha-ara methylated metabolite BM12 C, H;,0, 65.73 5173505 -3.68 55733 -
24 Polygalacin D-glc-api-xyl-rha-ara hydroxylated BM13 C,,H,0, 66.22 519.3318 0.39 12470 -
metabolite
25 Polygalacin D-glc-api-xyl-rha dehydrogenated BM14 CH,,0, 66.94 6333609 -3.79 23734 -
metabolite
26 Platyconic acid E CP2-M1 CH,,0,, 3753 12675558 -2.53 1897  859.463 3;
841.466 0
27 Platyconic acid A-api-xyl-rha-ara CM2 C,H, O, 5817 6953508 -18.56 136178  635.296 5;
480.274 2
28 Platyconic acid A-glc-api-xyl-rha CM3 C,H,0, 58.63 6653515 -2.56 39887 -
29 Platyconic acid A-api-xyl-rha-ara hydroxylation CM4 C,H, O, 5882 711.3526  -8.44 122922 -
metabolite
30 Platyconic acid A-glc-api-xyl-rha dehydroxylated CMS5 C,H,,0,, 61.80 649.3516 -10.17 10843 -
metabolite
31 Platycoside O DPI1-M1 C,H,0,, 36.62 1119.5210 -0.71 2468 1085.304 8;
1119.3839
32 Platycoside O-gle-xyl DM2 C,H O, 5487 8254277 -0.12 27787 -
33 Platycoside O-glc-xyl dehydroxylated metabolite DM3 C,HO, 5559 809.435 4 3.09 27042 -
34 Platycoside O-xyl-rha-ara methylated DM4 C,H,O,, 58.88 7233909 -7.19 27696 -
35 Platycoside O-xyl-rha acetylated metabolite DMS5 C,HO, 6885 883.439 6 7.13 5578  865.4752;
4652210
36 Platycoside O-xyl-rha-ara dehydroxylated metabolite DM6 C,H, 0, 6891 693.397 5 17.17 29302 -
37 Platycogenic acid A lactone EP5-M1 C,,H,,0, 53.84 515.304 3 7.77 190527  279.236 5;
495.045 8
38 Platycoside M1-glc dehydroxylated metabolite EM2 C,,H,,0, 59.12 4993033  -421 21565 -
39 Platycoside M 1-glc hydroxylated metabolite EM3 C,H,,0 59.69 531.3038  16.20 116812 -
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E Peak F t
No. Identification Name Formula  #/min m/z rror . e . ra‘{;me“
(ppm) intensity ion
40 Platycoside M1-glc methylated metabolite EM4 C,H,0, 60.91 5293122 -7.18 27747 -
41 Platycoside M1-glc dehydroxylated metabolite and EMS C,,H,,0, 68.94 499.308 8 7.30 73393 -
D-methylated
42 3-O-p-D-Glucopyranosyl-(1—3)-3-D-glucopyranosyl- FM1 C,H, 0, 5692 8254594  -8.12 31450 -
2p,12a,16a,23a-tetrahydroxyoleanane-28(13)-lactone
(F1) dehydroxylated metabolite
43 3-O-p-D-Glucopyranosyl-24,12a,16a,23,24-pentahy- FM2 C,H,0, 60.09 5313288 =527 61396 -
droxyoleanane-28(13)-lactone(F2)-glcdehydrogenated
metabolite
44 F1 methylated metabolite FM3 C,H,0, 60.77 855.476 1 2.81 36600 -
45 F1-glc methylated metabolite FM4 C,H,0, 61.70 6934150 -837 49989  633.3469;
508.321 8
46 F2-glc methylated metabolite FM5 C,,H,,0, 64.15 547.363 0 0.18 49200 -
47 F1-2glc dehydroxylated metabolite FM6 C,H, 0y 67.04 501.358 2 1.40 17722 -
48 F1-2glc acetylated metabolite FM7 C,;H,,0, 67.43 559.363 5 1.07 48216  559.2802;
541.3826
49 F1-2glc methylated metabolite FM8 C,,H,,0, 68.81 531.3633 -8.85 13228
50 16-oxo-Platycodin D GP1-M1 C,H, O, 3746 12215513 -1.80 4237  469.098 4;
635.470 4
51 16-oxo-Platycodin D-glc-api-xyl methylated metabolite =~ GM2 C,H, O, 53.07 809.434 6 3.46 9101 -
52 16-oxo-Platycodin D-api-xyl-rha methylated metabolite =~ GM3 C,H O, 53.83 8254183 -10.18 10 027 -
53 16-oxo-Platycodin D-glc-api-xyl methylated and GM4 C,H O, 5504 8094260 -7.17 16 453 -
deglycosylated metabolite
54 16-oxo-Platycodin D-glc-api-xyl-rha-ara decarboxylated GMS5 C,,H, O 60.21 473.326 4 042 55603 -
metabolite
55 16-oxo-Platycodin D-glc-api-xyl-rha-ara acetylated GM6 C,,H, O 64.70 5593257 -1.43 48881 -
metabolite
56 Platycogenin A-2glc dehydroxylated metabolite HM1 C,,H,Oq 64.54 487.342 1 0.62 11 627 -
57 Platycogenin A-2glc decarboxylated metabolite HM?2 C,H,0, 65.70 459.3470 0.22 14265 -
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Figure 3 Reverse tracking results of the prototype components of platycosides and their metabolites of type A
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Figure 4 Reverse tracking results of the prototype components of platycosides and their metabolites of type B
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Figure 5 Reverse tracking results of the prototype components of platycosides and their metabolites of type C-E. A: Type C; B: Type D; C:
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Figure 6 Reverse tracking results of the prototype components of platycosides and their metabolites of type F—H. A: Type F; B: Type G;

C: Type H
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