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Novel strategy in Dengzhan Shengmai capsule metabolites analysis
based on the prediction database
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Abstract: Dengzhan Shengmai capsule, as a compound Chinese patent medicine, consists of four herbs:
Herba Erigerontis, Ginseng, Ophiopogon, and Schisandrae Chinensis Fructus, and contains significant components
of flavonoids, lignans, saponins, and organic acids. It is widely used clinically to treat cerebrovascular diseases
such as chronic cerebral hypoperfusion and dementia with remarkable efficacy. This study proposes a research
strategy for multi-component traditional Chinese medicine metabolites based on prediction databases and unfolds
the analysis using Dengzhan Shengmai capsule as an example. Using the UPLC-Q-TOF/MS method, the analytical
method was established and detected biological samples such as urine, feces, and bile of rats before and after
administration based on the prediction of theoretical metabolites of Dengzhan Shengmai capsule. The possible
secondary fragment ion information of metabolites was identified by comparing the detected results with prediction
databases. The metabolites were identified based on the archetypal component mass spectrometric cleavage law

and multistage mass spectrometric data. 51 metabolites, mainly flavonoid, organic acid, and lignan constituents,
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were finally identified from rat biosamples based on 306 theoretical metabolites of Dengzhan Shengmai capsule.

This study provides a new strategy for the identification of metabolites in vivo and the analysis of metabolic

pathways of TCM. The study complied with the procedures established by the Animal Experiment Ethics Committee

of the Institute of Materia Medica, Chinese Academy of Medical Sciences and passed the animal experiment ethics

examine (No. 00003645).
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Figure 1 Possible metabolic pathways of representative compounds DZYS (A), DSZ-A (B), 4,5-CQA (C), Rgl (D) in DZSM. DZYS:
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Breviscapine; DSZ-A: Schisandrin A; 4,5-CQA: 4,5 Caffeoylquinic acid; Rgl: Ginsenoside Rgl; DZSM: Dengzhan Shengmai capsule;

GSH: Glutathione
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Figure 2 TIC of various compounds of organic acids and Asarum
flavonoids (A), saponins and ophiopogon flavonoids (B), lignans
(C) with different mobile phase. Rb1: Ginsenoside Rb1; TIC: Total
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Figure3 Peak area of various compounds at different CE voltages.
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AA: Acetic acid; MLP-A: Methylophiopogonone A
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Table 1 Information on possible metabolites (M) of DZSM in rats; DZJS: Apigenin-7-O-glucronide; 3-CQA: Chlorogenic acid; 1,5-CQA:
1,5-Dicaffeoylqunic acid; MD-2H-A: Methylophiopogonanone A; MLP-2H-B: Methylophiopogonanone B; MD-D: Ophiopogonanone D;
RO-D: Ophiopogonin D; RO-C: Ophiopojaponin C; Rd: Ginsenoside Rd; 20S-Rg2: Ginsenoside 20(S5)-Rg2; 20R-Rg2: Ginsenoside 20(R)-
Rg2; DSZ-B: Schizandrin B; SS-A: Schisandrin; SS-B: Gomisin A; GMS-D: Gomisin D

Calculated ~ Observed
Metabolic [M-X]/ [M-X]/  Error CE Ion

No. RT/min M pathway [MAX] MAXT (109 /eV  mode MS?, data, m/z (ralative, intensity, %)
(m/z) (m/z)
Ml 8.373 DZYS Iso 461.0720  461.0725 1.08 30 Neg  61.9879 (36), 262.069 2 (33), 285.040 0 (100),
M2 7.751 DZYS -GlcA 285.0399 285.040 6 246 30 Neg 79.957 2 (100), 124.007 8 (34), 292.122 1 (26)
M3 8.062 DZYS +S0O, 541.028 8 541.0292  0.74 30 Neg 113.024 3 (22), 285.040 3 (100), 461.071 8 (26)
M4 12.728 DZYS +Me 475.0876  475.088 3 1.47 20 Neg 113.024 3 (82), 200.129 8 (78), 303.087 5 (100)
M5 8.761 DZYS +H, 463.087 7 463.088 4 1.51 30 Neg 113.024 9 (10), 166.999 0 (18), 287.057 6 (100)
M6 7.285 DZIS -OH 429.082 2 429.0805 -3.96 30 Neg 124.007 4 (100), 316.122 5 (35), 445.190 1 (10)
M7 8.463 DZIJS -GlcA 269.0450  269.0458 297 30 Neg  96.960 4 (100), 117.034 8 (9), 269.046 0 (3)
M8 8.451 DZIS +S0, 525.0339  525.0347 1.52 30 Neg 113.024 5 (32), 269.045 9 (100), 461.072 9 (13)
M9 10.629 DZIJS +H, 447.092 8 447.093 4 1.34 30 Neg 96.960 3 (8), 255.080 7 (100), 459.206 2 (39)
M10 7.943 DZIS +Me 459.0927 459.0946 4.14 20 Neg 113.024 7 (50), 283.062 0 (100), 388.995 5 (23)
Ml11 3.864 CA +S0O, 258.9912 2589921 348 30 Neg  79.957 3 (3), 135.045 3 (100), 179.035 1 (8)
M12 10317 CA +GSH 486.118 2 486.121 9 7.61 30 Neg 96.960 4 (3), 255.081 0 (6), 413.201 8 (100)
MI13 4874 CA +GIcA 355.066 5 355.067 2 1.97 30 Neg  61.9882(21), 135.045 4 (100), 179.035 3 (62)
M14 7.683 CA +Me 193.050 0 193.0498 -1.04 20 Neg  59.013 6 (3), 109.066 1 (6), 160.040 6 (100)
MI15 2.877 CA -OH 163.039 5 163.040 2 429 20 Neg 65.039 2 (2), 106.042 1 (100), 119.050 0 (31)
M16 4918 CA +H, 181.050 1 181.050 7 3.31 30 Neg 79.957 5 (18), 107.050 6 (100), 108.053 8 (5)
M17 7.131  3-CQA +Me 367.1029  367.104 2 3.54 30 Neg  59.013 7 (23), 96.960 5 (100), 171.103 3 (8)
M18 4866 3-CQA +GIcA 529.119 3 529.1207  2.65 20 Neg 187.007 6 (100), 188.010 8 (4), 242.997 7 (23)
M19 4252 3-CQA +H, 355.103 0 355.103 3 0.84 30 Neg 80.964 9 (8), 137.061 2 (100), 181.050 9 (3)
M20 9.462 1,5-CQA -OH 499.124 1 499.128 1 8.01 30 Neg 113.024 6 (9), 285.041 0 (100), 417.083 3 (22)
M2l 11.095 1,5-CQA +Me 5201346 5291377 586 30  Neg 254.072 5 (42),371.148 5(100), 411.184 8 (11)
M22 10.248 1,5-CQA +H, 517.1347 517.135 1 0.77 30 Neg 137.060 8 (4), 181.050 8 (100), 365.087 9 (20)
M23 1982 1,5-CQA De 1910556 1910556 000 30 Neg 79.957 1 (51),109.029 9 (11), 125.024 1 (100)
M24 2.338 MD-2H-A -Me 313.0713 313.0752 1246 40 Neg  79.957 3 (100), 96.960 5 (41), 124.007 4 (24)
M25 2.695 MLP-A -OH 323.092 0 323.0907 -4.02 40 Neg 59.013 4 (27), 79.957 4 (100), 124.007 5 (48)
M26 2.371 MLP-2H-B -OH 311.128 4 311.129 3 2.89 40 Neg 79.957 4 (100), 106.980 8 (9), 135.045 4 (16)
M27 2.818 MLP-2H-B -Me-OH 297.1127  297.1137 337 40 Neg 59.013 5(100), 71.013 5 (43), 143.107 6 (31)
M28 3.322 MLP-2H-B +Me 341.1389  341.1376 -3.81 40 Neg  79.957 1 (100), 124.007 2 (24), 153.129 1 (8)
M29 1.783 MD-D -Me 355.0819 355.0833 394 40 Neg 59.013 0 (14), 135.044 7 (100), 179.033 9 (9)
M30 10.849 RO-D +Me 867.4742 8674708 -3.92 30 Neg  61.9875(11),112.985 1 (100), 783.487 2 (3)
M31 7.836 RO-C -OH 879.474 3 8794705 -432 30 Neg  61.987 6 (10), 112.985 1 (100), 391.284 2 (4)
M32 10.548 RO-C +H, 897.484 8 897.4812 -4.01 20 Neg 61.987 8 (5), 112.985 2 (100), 130.943 0 (21)
M33 5.245 Rgl -OH 783.489 5 7834890 -0.64 40 Neg 165.055 5 (100), 287.164 2 (23), 405.262 7 (29)
M34 11.489 Rgl +Me 813.5000  813.4984 -1.97 30 Neg 61.9880 (1), 89.024 1 (6), 637.431 2 (100)
M35 10.242 Rd -Me 931.526 7 931.526 8 0.11 30 Neg 61.987 7 (46), 885.521 2 (100), 915.530 3 (6)
M36 11.390 20S-Rg2 -Me-OH 753.478 9 753.4776 -1.73 40 Neg 89.023 7 (100), 149.045 1 (58), 283.264 1 (21)
M37 11.062 20R-Rh2 +GIcA 797.468 8  797.4672 -2.01 40 Neg  61.987 5(100), 89.024 3 (94), 149.045 3 (45)
M38 2.055 DSZ-A -OMe 387.217 1 387.220 4 8.52 30 Pos 61.039 7 (14), 83.085 5 (11), 316.311 6 (100)
M39 1.860 DSZ-A +OH 433.222 6 433.224 7 4.85 30 Pos 88.111 8 (57), 100.111 7 (100), 226.107 0 (9)
M40 3448 DSZ-B +OH 417.1913  417.1896 -4.07 30 Pos 81.069 8 (59), 109.101 2 (100), 123.117 2 (48)
M41 3.036 SS-A +OH 4492175 4492131 -9.79 30 Pos 85.028 4 (43), 146.027 0 (100), 204.123 6 (43)
M42 2.286 SS-A +20-2H 463.196 8 463.1951 -3.67 30 Pos 70.064 9 (6), 114.065 9 (12), 285.074 9 (100)
M43 4908 SS-A -OMe 403.2120 403.2109 -2.73 30 Pos 145.101 1 (16), 302.114 7 (55), 413.266 2 (100)
M44 5479 SS-A -OH 4172277 4172268 -2.16 30 Pos 357.278 6 (2),403.283 4 (5), 415.281 7 (100),
M45 5205 SS-A +GIcA 609.254 7 609.258 1 5.58 30 Pos 59.059 8 (11), 114.065 7 (100), 149.132 8 (15)
M46 3.727 SS-B -Me 403.1757 403.173 6 -5.21 30 Pos 57.069 3 (100), 114.065 5 (46),234.148 7 (71)
M47 3497 SS-B +OH 433.1862  433.1849 -3.00 30 Pos 84.080 7 (26), 125.096 0 (52), 203.110 3 (100)
M48 5.254 SS-B -OMe 387.180 7 387.1793 -3.62 30 Pos 72.080 9 (100), 111.080 4 (35), 350.305 5 (28)
M49 5.081 SS-B -OH 401.196 4 401.1955 -224 30 Pos 242.093 3 (20), 302.114 8 (100), 355.262 1 (32)
M50  4.074 SS-B -OH 499.2332  499.2302 -6.01 30 Pos 76.075 0 (41), 114.065 7 (100), 136.047 0 (20)

M51 4202 GMS-D -OH 5152281 5152253 -543 30 Pos  60.080 3 (23), 85.028 4 (100), 162.112 5 (85)
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Figure 5 EICs of DZSM metabolites of organic acids and
Asarum flavonoids in urine (A), feces (B), and bile (C) of rats are

numbered as in Table 1. EIC: Extracted ion chromatogram
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Figure 6 EICs of DZSM metabolites of saponins and ophio-

pogon flavonoids in urine (A), feces (B), and bile (C) of rats are

numbered as in Table 1
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Figure 7 EICs of DZSM metabolites of lignans in urine (A),

feces (B), and bile (C) of rats are numbered as in Table 1
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