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Abstract: In order to further distinguish the differences of compounds in different medicinal parts of Angelica
(head, body and tail), our study used UHPLC-QE-MS combined with non-targeted metabolomics technology to
identify the different compounds in different medicinal parts of Angelica. Principal component analysis (PCA) and
OPLS-DA were used to screen the differential metabolites, and the related pathways were compared and analyzed.
Eighteen types of 1 072 metabolites were identified from different medicinal parts of Angelica sinensis, mainly
terpenoids, phenylpropanes, lipids and their derivatives, alkaloids, flavonoids, organic acids and their derivatives,
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Angelica tail showed 530, 565, 474 different metabolites, among which kaempferol, cinnamic acid, chlorogenic

acid, ferulic acid, ligustilide, liquiritigenin, and rutin were mainly enriched in Angelica tail, naringin, apigenin were

mainly enriched in Angelica body, estradiol, ligustrazine were mainly enriched in Angelica head; differential

metabolites are concentrated in flavonoid biosynthesis, phenylalanine metabolism, indole alkaloid biosynthesis,

tryptophan metabolism, flavonoid and flavonol biosynthesis and other pathways. In this study, UHPLC-QE-MS

non-targeted metabolomics technology can effectively analyze the differential metabolites of different medicinal

parts of Angelica sinensis, providing scientific support for clinical rational and accurate application of different

medicinal parts of Angelica sinensis.

Key words: Angelica sinensis; different medicinal part; non-targeted metabolomics; differential metabolite;
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Figure 1 Decoction pieces of different medicinal parts of

Angelica sinensis
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Table 1 OPLS-DA model parameters and replacement tests

OPLS-DA permutation

Comparable OPLS-DA model parameter
test (n = 200)
group R’X/cum  R*Y/ecum  Q%cum  R’Y/cum  Q%/cum
avsb 0.676 1 0.986 1 -0.29
avsc 0.689 1 0.991 1 -0.29
bvsc 0.612 1 0.970 1 -0.23
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Figure 3  Principal component analysis (PCA) scores (A) and
orthogonal partial least squares discriminant analysis (OPLS-DA)
models (B-D) of different medicinal parts of Angelica sinensis. A:
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Table 2 Partial differential metabolites of different medicinal parts of Angelica sinensis

Group Compound mlz RT/min  VIP P-value  Up/Down Type

avsb  Dioscin 869.495 4 14.30 1.32 0.007 65 Up Terpene

avsb  Wogonoside 461.107 8 8.10 1.32 0.011 92 Up Flavonoid

avsb  Arginine 175.118 6 1.64 1.32 0.000 08 Up Amino acids and their derivatives
avsb  Atractylenolide II 233.1530 12.08 1.27 0.002 03 Up Terpene

avsh Verproside 499.141 9 4.19 1.33 0.000 01 Up Other

avsb  Apigenin 269.045 8 8.99 1.29 0.002 94 Up Flavonoid

avsb  Quercetin-3-O-beta-glucopyranoside 465.101 9 5.56 1.31 0.000 82 Up Flavonoid

avsb  Lycodine 243.184 8 8.11 1.33 0.000 01 Up Alkaloid

avsb  Naringenin chalcone 271.061 2 8.24 1.32 0.000 04 Up Flavonoid

avsb  Corydaline 370.199 8 4.07 1.32 0.000 01 Up Alkaloid

avsb  Estriol 271.168 6 16.07 1.30 0.001 60 Up Alcohols

avsh Sweroside 381.1154 3.33 1.25 0.013 64 Up Terpene

avsb  Atractylodin 183.080 0 11.02 1.17 0.011 04 Up Other

avsb  Rutin 611.1592 5.56 1.27 0.005 59 Up Flavonoid

avsb  Levistilide A 381.204 9 14.70 1.30 0.001 01 Up Terpene

avsb  Phloretin 273.080 3 7.11 1.31 0.000 18 Up Flavonoid

avsb  Artemetin 389.122 6 5.64 1.32 0.000 19 Up Flavonoid

avsh Wogonin 285.074 8 10.06 1.21 0.014 88 Up Flavonoid

avsh Gentiopicroside 401.109 4 2.80 1.33 0.000 04 Up Terpene

avsb  Tangeraxanthin 485.340 6 12.71 1.31 0.000 43 Up Lipids and their derivatives
avsb  Arctiin 573.172 0 10.17 1.05 0.048 11 Up Phenylpropanoids

avsb  Oripavine 298.140 6 9.80 1.20 0.014 47 Up Alkaloid

avsb  Palmitic acid 255.2329 18.78 1.11 0.040 08 Up Lipids and their derivatives
avsb  Acetic anhydride 103.038 7 3.39 1.20 0.013 13 Down Other

avsb Licoricesaponin G2 837.389 9 8.90 1.24 0.007 42 Down Terpene

avsb  Isorhamnetin 315.0511 8.64 1.24 0.006 01 Down Flavonoid

avsb  3-Butylidenephthalide 189.090 4 8.30 1.23 0.007 34 Down Other

avsb  Fragransol C 357.168 2 10.35 1.13 0.032 15 Down Phenylpropanoids

avsb Benzoic acid 123.043 8 3.65 1.26 0.006 17 Down Phenols

avsb  L-Valine 118.086 1 27.86 1.20 0.017 37 Down Alkaloid

avsb  (-)-Scopolamine 304.154 0 8.95 1.29 0.001 27 Down Alkaloid

avsb Steviol 319.2239 13.75 1.31 0.000 29 Down Terpene

avsb Stigmasterol 395.367 1 21.54 1.30 0.000 67 Down Lipids and their derivatives
avsb  Ligustilide 191.106 0 10.33 1.28 0.003 35 Down Other

avsb  L-Cysteine 120.012 4 6.62 1.28 0.000 94 Down Lipids and their derivatives
avsb  3-n-Butylphathlide 191.106 0 10.86 1.32 0.000 43 Down Aromatic compounds
avsb Estradiol 273.183 8 12.81 1.32 0.000 06 Down Terpene

avsh L-Asarinin 355.117 1 9.56 1.32 0.000 03 Down Phenylpropanoids

avsb  Taxifolin 303.0539 6.35 1.33 0.000 02 Down Flavonoid

avsb  Digitoxin 809.440 1 6.73 1.33 0.000 00 Down Terpene

avsb Dioscorine 222.148 6 2.08 1.27 0.000 60 Down Alkaloid

avsb  Fraxinellone 233.116 8 11.13 1.32 0.001 12 Down Terpene

avsb  Tetramethylpyrazine 137.107 2 2.98 1.31 0.006 42 Down Alkaloid

avsc Otobanone 339.1222 8.40 1.31 0.000 69 Up Phenylpropanoids

avsc Licorice saponin G2 837.389 9 8.90 1.31 0.004 74 Up Terpene

avsc Liquiritigenin 257.080 7 5.66 1.29 0.008 11 Up Flavonoid

avsc Atractylenolide 11 233.1530 12.08 1.28 0.000 00 Up Terpene

avsc Naringenin chalcone 271.061 2 8.24 1.30 0.000 01 Up Flavonoid

avsc Dioscin 869.495 4 14.30 1.29 0.020 23 Up Terpene

avsc Rutin 611.1592 5.56 1.31 0.000 00 Up Flavonoid

avsc Narcissoside 623.160 9 6.16 1.30 0.000 05 Up Flavonoid

avsc Wogonoside 461.107 8 8.10 1.25 0.046 60 Up Flavonoid

avsc Picraquassioside A 399.128 0 7.53 1.30 0.000 01 Up Carbohydrate

avsc Isorhamnetin 315.0511 8.64 1.31 0.000 00 Up Flavonoid

avsc Tangeraxanthin 485.340 6 12.71 1.30 0.000 04 Up Lipids and their derivatives
avsc Monocrotaline 326.160 2 7.01 1.26 0.003 21 Up Alkaloid

avsc Levistilide A 381.204 9 14.70 1.27 0.001 85 Up Terpene

avsc Oripavine 298.140 6 9.80 1.29 0.000 27 Up Alkaloid

avsc Cinnamic acid 149.059 3 10.29 1.25 0.003 55 Up Phenylpropanoids

avsc Nardosinone 251.163 8 9.69 1.29 0.000 15 Up Terpene
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Continued
Group Compound mlz RT/min  VIP P-value  Up/Down Type
avsc Arctiin 573.172 0 10.17 1.20 0.004 98 Up Phenylpropanoids
avsc Panaxynol 245.189 5 12.48 1.31 0.000 00 Up Lipids and their derivatives
avsc Ginsenoside Ro 955.487 0 10.48 1.29 0.000 21 Up Terpene
avsc Curcumin IT 367.153 4 10.59 1.09 0.029 54 Up Phenols
avsc Camphor 153.1270 5.90 1.28 0.000 63 Up Terpene
avsc Gentiopicroside 401.109 4 2.80 1.21 0.011 35 Up Terpene
avsc Chlorogenic acid 355.101 1 3.08 1.20 0.014 88 Up Phenylpropanoids
avsc Palmitic acid 255.2329 18.78 1.26 0.001 59 Up Lipids and their derivatives
avsc Ginkgolide A 407.135 1 8.06 1.11 0.033 17 Down Terpene
avsc Ginkgolide B 425.1415 4.07 1.23 0.006 43 Down Terpene
avsc Taxifolin 303.053 9 6.35 1.10 0.034 90 Down Flavonoid
avsc Dicaffeoyl quinic acid 515.118 1 6.20 1.07 0.048 03 Down Phenylpropanoids
avsc Stigmasterol 395.367 1 21.54 1.16 0.013 81 Down Lipids and their derivatives
avsc Estradiol 273.183 8 12.81 1.28 0.000 33 Down Terpene
avsc 3-n-Butylphathlide 191.106 0 10.86 1.29 0.000 54 Down Aromatic compounds
avsc Digitoxin 809.440 1 6.73 1.19 0.030 23 Down Terpene
avsc Pipernonaline 364.186 5 431 1.30 0.000 02 Down Organic heterocyclic compounds
avsc (-)-Scopolamine 304.154 0 8.95 1.27 0.000 76 Down Alkaloid
avsc Rhaponticin 421.1458 6.57 1.30 0.000 05 Down Phenols
avsc Tetramethylpyrazine 137.107 2 2.98 1.31 0.006 72 Down Alkaloid
avsc 17a-Estradiol 255.173 9 11.78 1.31 0.000 33 Down Lipid derivatives
avsc Ginsenoside Rh5 653.453 2 11.59 1.31 0.009 83 Down Lipids and their derivatives
bvsc  Liquiritigenin 257.080 7 5.66 1.43 0.008 38 Up Flavonoid
bvsc  Tectochrysin 269.080 6 9.32 1.03 0.004 53 Up Flavonoid
bvsc  Formononetin 267.066 2 9.31 1.11 0.007 91 Up Flavonoid
bvsc  Quercetin-3-O-beta-glucopyranoside 465.101 9 5.56 1.42 0.000 02 Up Flavonoid
bvsc  Rutin 611.1592 5.56 1.42 0.000 02 Up Flavonoid
bvsc  Isorhamnetin 315.0511 8.64 1.43 0.000 00 Up Flavonoid
bvsc Monocrotaline 326.160 2 7.01 1.39 0.002 49 Up Alkaloid
bvsc  Taxifolin 303.053 9 6.35 1.42 0.000 14 Up Flavonoid
bvsc  Digitoxin 809.440 1 6.73 1.27 0.038 47 Up Terpene
bvsc  Tangeretin 373.128 0 9.08 1.24 0.023 02 Up Flavonoid
bvsc  Narcissoside 623.160 9 6.16 1.39 0.001 29 Up Flavonoid
bvsc  Ligustilide 191.106 0 10.33 1.38 0.001 78 Up Other
bvsc  Chlorogenic acid 355.101 1 3.08 1.34 0.008 90 Up Phenylpropanoids
bvsc  3-Butylidenephthalide 189.090 4 8.30 1.31 0.011 20 Up Other
bvsc  Tangeraxanthin 485.340 6 12.71 1.38 0.002 03 Up Lipids and their derivatives
bvsc  Arctiin 573.172 0 10.17 1.38 0.003 02 Up Phenylpropanoids
bvsc  Gentiopicroside 401.109 4 2.80 1.30 0.009 82 Down Terpene
bvsc  (-)-Scopolamine 304.154 0 8.95 1.21 0.029 85 Down Alkaloid
bvsc  Rhaponticin 421.1458 6.57 1.28 0.014 40 Down Phenols
bvsc  Ginkgolide B 4251415 4.07 1.43 0.000 04 Down Terpene
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Figure 4 Metabolic volcano maps of different medicinal parts of

Angelica sinensis. A:avsb;B:avsc;C:bvsc
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Figure 5 Bubble map of metabolic pathways in different parts of

Angelica sinensis. A:avsb;B:ravsc; C:bvsc
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