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Abstract: The roots of Fissistigma oldhamii (FO) are widely used as medicine with the effect of dis-
pelling wind and dampness, promoting blood circulation and relieving pains, and its fruits are
considered delicious. However, Hakka people always utilize its above-ground parts as a famous folk
medicine, Xiangteng, with significant differences from literatures. Studies of chemical composition
showed there were multiple aristolactams that possessed high nephrotoxicity, pending evaluation
research about their distribution in FO. In this study, a sensitive, selective, rapid and reliable method
was established to comparatively perform qualitative and semi-quantitative analysis of the con-
stituents in roots, stems, leaves, fruits and insect galls, using an Ultra-High-Performance Liquid
Chromatography coupled with Hybrid Quadrupole Orbitrap Mass Spectrometry (UPLC-Q-Exactive
Orbitrap MS, or Q-Exactive for short). To make more accurate identification and comparison of FO
chemicals, all MS data were aligned and screened by XCMS, then their structures were elucidated ac-
cording to MSn ion fragments between the detected and standards, published ones or these generated
by MS fragmenter. A total of 79 compounds were identified, including 33 alkaloids, 29 flavonoids,
11 phenylpropanoids, etc. There were 54 common components in all five parts, while another 25 com-
ponents were just detected in some parts. Six toxic aristolactams were detected in this experiment,
including aristolactam AII, AIIIa, BII, BIII, FI and FII, of which the relative contents in above-ground
stems were much higher than roots. Meanwhile, multivariate statistical analysis was performed and
showed significant differences both in type and content of the ingredients within all FO parts. The
results implied that above-ground FO parts should be carefully valued for oral administration and
eating fruits. This study demonstrated that the high-resolution mass spectrometry coupled with
multivariate statistical methods was a powerful tool in compound analysis of complicated herbal
extracts, and the results provide the basis for its further application, scientific development of quality
standard and utilization.

Keywords: Fissistigma oldhamii; aristolactam; Q-Exactive; MS fragmenter; XCMS

1. Introduction

Fissistigma oldhamii (Hemsl.) Merr. (FO), a medical herb from southern China, named
‘Guangxiangteng,’ ‘Xiangteng,’ ‘Zuandifeng,’ or ‘Tenglongyan,’ is a perennial woody
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climbing vine of the family Annonaceae [1] and was first recorded as Guangxiangteng in
Zhiwu Mingshi Tukao (AD1848), where it was said that “it was produced in Nan’an (Dayu
Ridge in Ganzhou, China)” [2]. Its dried root was commonly used with the effects of
dispelling wind and dampness, promoting blood circulation and relieving pains, and the
mature fruits were sweet and edible, called “fox peach” in Longnan, Ganzhou, China [1,3,4].
However, in the Hakka areas, its above-ground parts, including leaves and stems sometimes
mixed with insect gall, were widely used for treating gynecology inflammation, expelling
wind and dampness, and was called as ‘Xiangteng’ due to its aromatic smell [5]. Moreover,
in Dong medicine, its stems and leaves were also used for treating fractures and edema, and
the whole plants were utilized in Yao medicine to cure rheumatism, bone pain, numbness
of hands and feet, sequelae of polio and children’s convulsions [6]. Hence, individual parts
of FO displayed different medicinal usages as well as different pharmacological activities,
which might be relevant to their chemical differences.

Chemical differences among individual parts of plant materials are of great signifi-
cance for their pharmacological activities and safety, which are also critical for their authen-
tication and quality evaluation [7,8]. Studies showed that volatile oil, alkaloids, flavonoids,
steroids and organic acids were the major constituents of FO that exhibited anti-tumor,
anti-inflammatory, analgesic, smooth muscle relaxation and other biological activities.
Remarkably, FO also contained the aristolactam alkaloids that possessed strong nephrotoxi-
city [9–12]. However, comprehensive studies investigating the chemical differences among
individual parts of FO are still scarce. In recent years, the advanced developed quadrupole-
electrostatic field orbitrap high-resolution mass spectrometer (UPLC-Q-Exactive Orbitrap
MS), which combines quadrupole ion selection and Orbitrap high-resolution scanning,
was capable of conducting high-throughput trace target or non-target screening, and has
become a highly reliable technique for qualitative and quantitative analysis of multiple
components in complex [13]. For instance, in omics researches it has been applied and
widely used in the component analysis of complex systems, such as food, natural products
and traditional Chinese medicine (TCM) [14–17].

However, the related references for the identification of the minor constituents in
TCM are not abundant [18,19]. Further, the MS identifications normally were performed
via the MSn comparison with database, standards, or published spectra [20,21], while the
interpretation of an “unknown” is a crucial task difficult to tackle, due to lack of authentic
standards and scarce information available (spectra or fragmentation) [22]. Hence, we
herein carried out an advanced UPLC-Q-Exactive Orbitrap MS approach to establish a rapid
and reliable method, in which all MS data were aligned and screened by XCMS (or XCMS
Online, a web-based platform to process metabolomic data) [23], then their structures were
elucidated according to MSn ion fragments between the detected and several standards, in
a manually built database. Also, for these “unknown” ones, a fragmentation prediction
program (MS fragmenter) was used to evaluate the chemical structures and predict mass
spectral fragments based on the cleavage rules [24]. Meanwhile, the multivariate statistical
analysis was subsequently applied for chemical content discrimination of different FO
parts. Via qualitative and quantitative research of the biological active and toxic FO
compounds, this study is to provide chemical evidence for their differentiated efficacy and
usage safety, including roots, stems, leaves, fruits and insect galls. This study exhibited
a rapid, sensitive, selective and reliable method to immensely eliminate the single-data
error and comprehensively interpret the chemical basis for different medicinal parts of
herbs. The results will provide a basis for further studies of FO, such as the formulation
and practical application of its quality standards.

2. Results and Discussion
2.1. Optimization of UPLC Q-Exactive Orbitrap MS

Mobile phases provided different separation conditions, in which the buffer salt
played one of the most important roles to affect the ionization of target compounds at ESI
source [16,25,26], resulting in reducing or increasing sensitivity of FO components detected
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by mass spectrometry. Hence, four systems were tested in our experiments, including
pure water, 0.1% formic acid, 5 mM ammonium acetate, and 0.1% formic acid plus 5 mM
ammonium acetate. The results showed 0.1% formic acid plus 5 mM ammonium acetate
were selected due to better separation and higher sensitivity for FO extracts. Furthermore,
full MS and full MS/dd-MS2 mode were generally used to capture all the targeted range
of MS1 and MS1,2 fragmentation information for qualitative analysis and quantitative
comparison. Full MS/dd-MS2 mode always provided more information for targeted or
unknown compound identification [27]; however, more scanning time was also required for
monitoring MS2 ions, and therefore reduced the sensitivity. Hence, full MS/dd-MS2-TOP 5
(the top 5 ions’ MS2) was selected to detect FO components both in negative and positive
mode with the range of m/z 50–1000. The high-resolution mass spectrometry (HRMS)
always has two key parameters as resolution and extracted mass tolerance, which affected
a lot for qualitative and quantitative detection [16]. Hence, in this study we evaluated the
tolerance of 2–20 µg mL−1 (or ppm; 1 ppm is approximately equal to 1 µg mL−1 in water)
and resolution of 17,500 to 140,000, and finally 5 µg mL−1 tolerance with 70,000 resolution
were used for this experiment. Compared with TOF or triple MS, the Orbitrap HRMS
was proven to have higher sensitivity in full scan mode, higher sensitivity and intensity
range [28], allowing a high-accuracy within 5 ppm [29]; hence, the optimization in this
study reached the excellent level of this powerful technique.

2.2. Total Ion Chromatogram Comparison and Qualitative Analysis of FO Parts

The chemical constituents are affected by various factors such as the origin place,
the harvesting season and the growing year [30]. To evaluate the variation of FO inher-
ently associated with the different parts, we specially collected diverse whole herbs with
fruits from the first literature-recorded place (Ganzhou, China) for the comparative study.
Based on the above experimental conditions, a total of 15 samples of various FO parts
were detected by HRMS, and all these ion chromatograms (TIC) in both positive ion and
negative ion modes were obtained respectively. The chromatograms of all FO samples were
compared by XCMS [31–33] after subtracting the background with blank samples under
Xcalibur, and are shown in Figure 1. The responses of roots, stems, leaves and insect galls
in positive ion mode were relatively strong, while the leaves and stems highly responded
in negative ion mode, indicating obvious differences of the types or relative contents of the
compounds in FO parts. A total of 79 components were identified, including 33 alkaloids,
29 flavonoids, 11 phenylpropanoids, 4 sesquiterpene and triterpenes, 1 quinone and 1 phe-
nolic acid component (Table 1 and Table 2). Among them, six kinds of aristolactams were
detected, namely, Aristolactam A II, A III a, BII, BIII, F I and F II.
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Table 1. Common compounds in five parts of F. oldhamii.

No. Name RT VIP Formula Ion Mode Observed m/z Calculated m/z Diff. (ppm) MS/MS Fragments

1 Glucosyringic Acid 1.45 1.32 C15H20O10 [M − H]− 359.0986 359.0984 0.64 198.0490, 197.0456, 182.0222, 153.0557, 138.0322, 89.0243
2 Dehydrodeguelin 1.86 2.00 C23H20O6 [M + H]+ 393.1335 393.1333 0.56 393.1335, 377.1386, 351.0865, 175.0752
3 Syringic acid 2.51 3.07 C9H10O5 [M + H]+ 199.0599 199.0601 −1.00 171.0650,156.0416,140.0480,125.0223
4 (−)-Epicatechin 2.90 2.16 C15H14O6 [M + H]+ 291.0861 291.0863 −0.69 207.0647, 165.0544, 147.0441, 139.0393, 123.0442
5 Stigmahamone I 2.98 2.53 C19H20O7 [M − H]− 359.1136 359.1136 −0.11 313.0718, 299.0561, 297.0405, 282.0171, 166.9985
6 Astilbin 3.08 1.72 C21H22O11 [M − H]− 449.1092 449.1089 0.64 449.1080, 343.0826, 303.0804, 299.0926, 285.0421, 151.0032
7 Lactucin 3.71 2.53 C15H16O5 [M + H]+ 277.1063 277.1071 −2.71 259.1221, 245.0456, 173.0611, 99.0087, 91.0572

8 N-Caffeoyl-O-
methyltyramine 4.04 1.95 C18H19NO4 [M + H]+ 314.1384 314.1387 −0.95 297.1176, 265.0858, 237.0908, 233.0597,205.0646

9 Corytuberine 4.13 2.23 C19H21NO4 [M + H]+ 328.1539 328.1543 −1.22 297.1118, 282.0884, 265.0856, 237.0907

10 4,6-dimethoxy-2,5-
quinodihydrochalcone 4.26 2.08 C17H16O5 [M − H]− 299.0930 299.0925 1.68 173.0607, 164.0107, 125.0243, 108.0209, 91.0541

11 Haplotubinone 4.32 1.24 C19H23NO4 [M + H]+ 330.1695 330.1700 −1.51 299.1274, 239.1066, 192.1018, 175.0752, 151.0754,
143.0492, 137.0597

12 Afzelin 4.91 2.43 C21H20O10 [M − H]− 431.0984 431.0984 0.07 431.0984, 399.0730, 371.0767, 341.0667, 311.0562, 283.0614
13 (−)-Epicatechin gallate 4.93 1.68 C22H18O10 [M − H]− 441.0827 441.0827 −0.05 39.0930, 382.0699, 295.0615, 278.0071, 250.0122, 173.0609
14 Aristolactam AIIIa 4.94 3.41 C16H11NO4 [M + H]+ 282.0759 282.0761 −0.71 282.0763, 267.0526, 240.0635
15 Coclaurine 5.05 1.04 C17H19NO3 [M + H]+ 286.1435 286.1438 −1.05 267.0527, 239.0581, 211.0629,183.0682

16 Isoboldine 5.22 2.43 C19H21NO4 [M + H]+ 328.1542 328.1543 −0.30 328.1543, 329.1577, 311.1288, 297.1124,
265.0858,237.0910, 192.1023

17 Naringin dihydrochalcone 5.36 1.48 C27H34O14 [M − H]− 581.1882 581.1876 1.07 301.0312, 300.0278, 274.0806, 273.0772, 167.0349, 125.0244

18 Proanthocyanidin A2 5.17 2.89 C30H24O12 [M − H]− 575.1202 575.1195 1.22 575.1204, 449.0883, 423.0727, 407.0773, 394.0696, 271.0253,
243.0302, 161.0245, 137.0245, 125.0245

19 Thaipetaline 5.75 2.67 C20H23NO5 [M + H]+ 358.1643 358.1649 −1.68 358.1647, 341.1625,311.1277, 299.1299, 192.1012,
74.0606, 60.0442

20 Demethylmoracin I 5.83 2.39 C19H18O4 [M + H]+ 311.1283 311.1278 1.61 296.1047, 295.0962, 280.1093, 265.0857, 237.0909,
219.0796, 92.0014

21 2,5,6,7-Tetramethoxyflavan 6.15 2.67 C19H22O5 [M + H]+ 331.1541 331.1540 0.30 328.0938, 313.0702, 287.0554, 231.0654, 131.0491, 91.0538
22 Calycinine 6.24 1.76 C18H17NO4 [M + H]+ 312.1229 312.1230 −0.32 295.0963,294.1123, 0858, 265.0858, 237.0912, 236.4374
23 Oxodiscoguattine 6.31 2.13 C19H13NO5 [M + H]+ 336.0856 336.0866 −2.98 336.0862, 321.0627, 318.0764,263.0581, 246.0548, 178.0657

24 noraristolodione 6.43 1.18 C17H11NO4 [M − H]− 292.0620 292.0615 1.61 278.0415, 277.0382, 250.0463, 249.0432, 221.0481,
140.4708, 91.9955

25 Asimilobine 6.69 2.38 C17H17NO2 [M + H]+ 268.1329 268.1332 −1.12 252.1100, 251.1065, 236.0830, 219.0803, 191.0855, 103.6783
26 Aristolactam AII 6.71 1.24 C16H11NO3 [M + H]+ 266.0809 266.0812 −1.13 251.0581, 249.0433, 238.0861, 223.0628, 221.0482, 195.0679
27 Glaucine 6.89 2.34 C21H25NO4 [M + H]+ 356.1852 356.1856 −1.12 325.1431, 310.1196, 295.1282, 294.1248, 251.1062
28 Aloenin 6.91 1.36 C19H22O10 [M − H]− 409.1140 409.1140 0.00 229.0354, 214.0121, 170.9937, 142.9987, 111.0087, 83.0138
29 N-Jasmonoyl-L-isoleucine 7.12 2.12 C18H29NO4 [M + H]+ 322.2025 322.2024 0.37 322.2026, 271.0607, 165.1286, 130.0874, 128.1082, 58.0299
30 Fissistigmatin A 7.31 2.36 C33H42O5 [M + H]+ 519.3104 519.3105 −0.19 519.3105, 501.2999, 487.2843, 469.2737
31 Duguevanine 7.31 2.28 C20H21NO5 [M + H]+ 356.1491 356.1492 −0.28 325.1068, 310.1197, 294.1249, 267.1013, 255.1013, 81.4017

32 Licocoumarin A 7.34 2.28 C25H26O5 [M + H]+ 405.1708 405.1707 0.13 343.1705, 293.1143, 292.1108, 274.1003, 256.1107,
201.0058, 157.0657

33 Globulixanthone A 7.38 3.15 C19H16O5 [M + H]+ 325.1063 325.1071 −2.46 296.0995, 295.0963, 267.1016, 265.0856, 253.0858, 225.0907

34 Clausamine F 7.78 3.41 C19H19NO4 [M + H]+ 326.1382 326.1387 −1.53 310.1152, 309.1119, 294.0884, 279.1014, 265.0862,
251.1061, 248.0830

35 Crebanine 7.87 2.19 C20H21NO4 [M + H]+ 340.1546 340.1543 0.88 309.1118, 308.1062, 294.0884, 279.1013, 239.1063, 236.0833
36 Hippeastrine 7.96 2.67 C17H17NO5 [M + H]+ 314.1036 314.1034 0.65 299.0802, 284.0568, 267.0540, 255.0302, 208.0252, 179.9940
37 Ammidin 8.44 2.26 C16H14O4 [M − H]− 269.0818 269.0819 −0.37 269.0820, 254.0586, 226.0636, 171.0451, 165.0191, 122.0008
38 Thunberginol C 8.58 1.51 C15H12O5 [M + H]+ 271.0614 271.0612 0.75 271.0615, 227.0716, 151.0037, 119.0502, 107.0138, 93.0345
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Table 1. Cont.

No. Name RT VIP Formula Ion Mode Observed m/z Calculated m/z Diff. (ppm) MS/MS Fragments

39 [3-3”]bi-2-hydroxy-4,5,6-
trimethoxydihydrochalcone 8.59 1.35 C36H38O10 [M + H]+ 631.2534 631.2538 −0.63 631.2538, 615.2589, 599.2639, 467.1700

40 5, 6, 7, 8-
tetramethoxyflavone 8.66 1.72 C19H18O6 [M + H]+ 343.1174 343.1176 −0.63 343.1172, 328.0938, 314.0737, 313.0702, 282.0884

41 1, 2-Dihydrotan-shinquinone 8.68 3.42 C18H14O3 [M + H]+ 279.1011 279.1016 −1.79 279.1012, 249.0907, 221.0958, 206.0728, 178.0776
42 Oxocrebanine 8.69 3.51 C19H13NO5 [M + H]+ 336.0865 336.0866 −0.30 336.0864, 321.0629, 319.0793, 306.0406, 278.0453, 250.0503

43 * CAS 1391982-39-0 8.71 1.69 C17H18O5 [M + H]+ 303.1221 303.1227 −1.98 285.1126, 253.0861, 225.0912, 169.0496, 105.0700, 91.0543
44 Anolobine 8.87 2.22 C17H15NO3 [M + H]+ 282.1121 282.1125 −1.42 265.0855, 235.0750, 209.0957, 207.0802, 121.2282
45 Procyanidin B 9.148 2.90 C30H26O12 [M + H]+ 577.1347 577.1351 −0.78 407.0771, 289.0719, 245.0819, 161.0243, 137.0243, 125.0243
46 Isolaureline 9.51 3.65 C19H19NO3 [M + H]+ 310.1437 310.1438 −0.32 310.1432, 280.1047, 279.1014, 249.0908, 221.0957
47 Xylopine 9.56 1.51 C18H17NO3 [M + H]+ 296.1278 296.1281 −1.01 280.1041, 279.1014, 249.0912, 240.0747, 102.7522, 95.9003

48 Fissilandione 9.6 3.14 C19H15NO5 [M + H]+ 338.1019 338.1023 −1.18 338.1020, 308.0918, 280.1045, 279.1014, 249.0908, 221.0961,
178.0770, 92.0010

49 Daphmanidin E 10.65 2.11 C25H31NO5 [M + H]+ 426.2273 426.2275 −0.47 426.2274, 410.2325, 408.2167, 392.2223
50 Fissistigmatin C 11.34 1.38 C33H40O4 [M + H]+ 501.2996 501.2999 −0.60 501.2996, 473.2684, 469.2732, 365.1751
51 Atherospermidine 12.52 2.04 C18H11NO4 [M + H]+ 306.0753 306.0761 −2.61 306.0758, 307.0791, 291.0523, 278.0815, 263.0575,76.3926

52 Fissistigine C 14.42 1.24 C20H23NO4 [M + H]+ 342.1695 342.1700 −1.46 342.1697, 311.1278, 296.1043,285.1120, 280.1092, 191.0940,
162.0915, 58.0658

53 Byakangelicin 15.93 2.42 C17H18O7 [M − H]− 333.0983 333.0980 0.97 289.1085, 258.0854, 257.0821, 205.0871, 173.0607, 125.0243,
101.0243, 92.9981

54 Aristolactam BIII 17.07 2.10 C18H15NO4 [M + H]+ 310.1075 310.1074 0.32 310.1072, 295.0838, 280.0603, 277.0732, 248.0702, 98.5990

The standards used in this experiment were marked in bolds; 43*: CAS number of 8,9-dimethoxy-7-met-hyl-10,11-dihydrodib-enzo[b,f]oxepine-1,6-diol.
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Table 2. Different compounds in five parts of F. oldhamii.

No. Name RT Formula Ion Species Observed m/z Calculated m/z Diff. (ppm) MS/MS Fragments GEN JING YE GUO CY

55 Artabotryside A 4.35 C26H28O15 [M − H]− 579.1359 579.1355 0.62 579.1361, 301.0314, 300.0277, 271.0250,
255.0301, 178.9986, 151.0035 -
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105.0700, 91.0541 
 -    
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481.1867, 453.1920, 307.1704, 289.0717, 178.9985, 

151.0399,123.0450 
 - -  - 
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403.1756, 353.1379, 297.0758, 261.1484, 233.0807, 221.0807, 

201.0544, 193.0858 
- -    

75 Aristolactam BII 12.35 C17H13NO3 [M + H]+ 280.0965 280.0968 −1.14 280.0965, 265.0732, 264.0652, 240.0629, 236.0703, 149.0234   - -  
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77 Norfissilandione 17.78 C18H13NO5 [M + H]+ 324.0866 324.0866 −0.15 324.0864, 312.1001, 309.1121, 295.0960, 266.0810  - - - - 
78 Norcepharadione B 19.83 C18H13NO4 [M + H]+ 308.0910 308.0917 −2.27 308.0911, 293.0678, 279.0839, 250.0856, 156.3622  - - - - 

79 Gedunin 19.88 C28H34O7 [M − H]− 481.2235 481.2232 0.67 
449.1976, 434.1734, 419.1509, 401.1396, 391.1556, 373.1449, 

198.0172, 182.9936, 152.9830 
 - - - - 

The standards used in this experiment were marked in bolds; “” implied the compounds in the related part, while “-” meat no distribution. 
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The standards used in this experiment were marked in bolds; “” implied the compounds in the related part, while “-” meat no distribution. 
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314.0424, 313.0357,282.0535 -
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78 Norcepharadione B 19.83 C18H13NO4 [M + H]+ 308.0910 308.0917 −2.27 308.0911, 293.0678, 279.0839, 250.0856, 156.3622  - - - - 

79 Gedunin 19.88 C28H34O7 [M − H]− 481.2235 481.2232 0.67 
449.1976, 434.1734, 419.1509, 401.1396, 391.1556, 373.1449, 

198.0172, 182.9936, 152.9830 
 - - - - 

The standards used in this experiment were marked in bolds; “” implied the compounds in the related part, while “-” meat no distribution. 
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79 Gedunin 19.88 C28H34O7 [M − H]− 481.2235 481.2232 0.67 
449.1976, 434.1734, 419.1509, 401.1396, 391.1556, 373.1449, 

198.0172, 182.9936, 152.9830 
 - - - - 

The standards used in this experiment were marked in bolds; “” implied the compounds in the related part, while “-” meat no distribution. - -

Molecules 2021, 26, x 6 of 17 
 

 

64 Stigmahamone Ⅱ 7.45 C18H18O7 [M − H]− 345.0982 345.0980 0.58 
330.0747, 315.0513, 298.0483, 283.0249, 255.0300, 239.0198, 

200.0717  
 - -  - 

65 Claussequinone 7.81 C16H14O5 [M + H]+ 287.0908 287.0914 −2.09 287.0910, 271.0966, 257.0819, 183.0291,149.0591, 131.0492, 
91.0542 

 -   - 

66 Oxoglaucine 8.40 C20H17NO5 [M − H]− 350.1034 350.1034 0.01 
335.0801,307.0852, 279.0902, 231.0173, 231.0173, 203.0226, 

175.0274 
   -  

67 
Methyl 3-(2-oxo- 2-prop-2-enoxyethyl)-1-

benzofuran-2-carboxylate 
8.64 C15H14O5 [M + H]+ 273.0772 273.0768 1.29 259.0568, 258.0534, 168.0018, 166.9985, 139.0037  -   - 

68 Morusin 8.73 C25H24O6 [M − H]− 419.1501 419.1500 0.24 386.1161, 276.1635, 375.1602, 357.1498, 270.0855, 269.0821 - -   - 

69 Kwangsienin A 8.77 C18H18O6 [M + H]+ 331.1168 331.1176 −2.42 
230.0416, 228.0580, 227.0546, 212.0312, 197.0079, 169.0142, 

139.0389,  85.0285 
  -   

70 Isopedicin 9.44 C18H18O6 [M + H]+ 331.1172 331.1176 −1.25 
316.0949, 227.0557, 212.0320, 197.0084, 169.0136, 113.0233, 

85.0280 
  -   

71 Kanakugiol 9.52 C19H20O6 [M + H]+ 345.1330 345.1333 −0.77 242.0736, 241.0702, 226.0468, 211.0235, 183.0287, 131.0490  - -  - 

72 Rottlerin 9.91 C30H28O8 [M + H]+ 517.1853 517.1857 −0.77 
499.1742, 485.1605, 468.2096, 385.1286, 231.1024, 184.0736, 

105.0700, 91.0541 
 -    

73 Nomilin 9.96 C28H34O9 [M − H]− 513.2126 513.2130 −0.79 
481.1867, 453.1920, 307.1704, 289.0717, 178.9985, 

151.0399,123.0450 
 - -  - 

74 Proceranolide 10.59 C27H34O7 [M + H]+ 471.2376 471.2377 −0.21 
403.1756, 353.1379, 297.0758, 261.1484, 233.0807, 221.0807, 

201.0544, 193.0858 
- -    

75 Aristolactam BII 12.35 C17H13NO3 [M + H]+ 280.0965 280.0968 −1.14 280.0965, 265.0732, 264.0652, 240.0629, 236.0703, 149.0234   - -  
76 Fissohamione 12.72 C16H18O5 [M + H]+ 291.1226 291.1227 −0.34 273.1904, 141.0574, 105.0721 - -   - 
77 Norfissilandione 17.78 C18H13NO5 [M + H]+ 324.0866 324.0866 −0.15 324.0864, 312.1001, 309.1121, 295.0960, 266.0810  - - - - 
78 Norcepharadione B 19.83 C18H13NO4 [M + H]+ 308.0910 308.0917 −2.27 308.0911, 293.0678, 279.0839, 250.0856, 156.3622  - - - - 

79 Gedunin 19.88 C28H34O7 [M − H]− 481.2235 481.2232 0.67 
449.1976, 434.1734, 419.1509, 401.1396, 391.1556, 373.1449, 

198.0172, 182.9936, 152.9830 
 - - - - 

The standards used in this experiment were marked in bolds; “” implied the compounds in the related part, while “-” meat no distribution. 

62 Cnidimol B 7.04 C15H16O6 [M − H]− 291.0878 291.0874 1.33 219.1027, 188.0798, 187.0765, 172.0530,
155.0503, 145.0659, 83.0139 - -
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64 Stigmahamone Ⅱ 7.45 C18H18O7 [M − H]− 345.0982 345.0980 0.58 
330.0747, 315.0513, 298.0483, 283.0249, 255.0300, 239.0198, 

200.0717  
 - -  - 

65 Claussequinone 7.81 C16H14O5 [M + H]+ 287.0908 287.0914 −2.09 287.0910, 271.0966, 257.0819, 183.0291,149.0591, 131.0492, 
91.0542 

 -   - 

66 Oxoglaucine 8.40 C20H17NO5 [M − H]− 350.1034 350.1034 0.01 
335.0801,307.0852, 279.0902, 231.0173, 231.0173, 203.0226, 

175.0274 
   -  

67 
Methyl 3-(2-oxo- 2-prop-2-enoxyethyl)-1-

benzofuran-2-carboxylate 
8.64 C15H14O5 [M + H]+ 273.0772 273.0768 1.29 259.0568, 258.0534, 168.0018, 166.9985, 139.0037  -   - 

68 Morusin 8.73 C25H24O6 [M − H]− 419.1501 419.1500 0.24 386.1161, 276.1635, 375.1602, 357.1498, 270.0855, 269.0821 - -   - 

69 Kwangsienin A 8.77 C18H18O6 [M + H]+ 331.1168 331.1176 −2.42 
230.0416, 228.0580, 227.0546, 212.0312, 197.0079, 169.0142, 

139.0389,  85.0285 
  -   

70 Isopedicin 9.44 C18H18O6 [M + H]+ 331.1172 331.1176 −1.25 
316.0949, 227.0557, 212.0320, 197.0084, 169.0136, 113.0233, 

85.0280 
  -   

71 Kanakugiol 9.52 C19H20O6 [M + H]+ 345.1330 345.1333 −0.77 242.0736, 241.0702, 226.0468, 211.0235, 183.0287, 131.0490  - -  - 

72 Rottlerin 9.91 C30H28O8 [M + H]+ 517.1853 517.1857 −0.77 
499.1742, 485.1605, 468.2096, 385.1286, 231.1024, 184.0736, 

105.0700, 91.0541 
 -    

73 Nomilin 9.96 C28H34O9 [M − H]− 513.2126 513.2130 −0.79 
481.1867, 453.1920, 307.1704, 289.0717, 178.9985, 

151.0399,123.0450 
 - -  - 

74 Proceranolide 10.59 C27H34O7 [M + H]+ 471.2376 471.2377 −0.21 
403.1756, 353.1379, 297.0758, 261.1484, 233.0807, 221.0807, 

201.0544, 193.0858 
- -    

75 Aristolactam BII 12.35 C17H13NO3 [M + H]+ 280.0965 280.0968 −1.14 280.0965, 265.0732, 264.0652, 240.0629, 236.0703, 149.0234   - -  
76 Fissohamione 12.72 C16H18O5 [M + H]+ 291.1226 291.1227 −0.34 273.1904, 141.0574, 105.0721 - -   - 
77 Norfissilandione 17.78 C18H13NO5 [M + H]+ 324.0866 324.0866 −0.15 324.0864, 312.1001, 309.1121, 295.0960, 266.0810  - - - - 
78 Norcepharadione B 19.83 C18H13NO4 [M + H]+ 308.0910 308.0917 −2.27 308.0911, 293.0678, 279.0839, 250.0856, 156.3622  - - - - 

79 Gedunin 19.88 C28H34O7 [M − H]− 481.2235 481.2232 0.67 
449.1976, 434.1734, 419.1509, 401.1396, 391.1556, 373.1449, 

198.0172, 182.9936, 152.9830 
 - - - - 

The standards used in this experiment were marked in bolds; “” implied the compounds in the related part, while “-” meat no distribution. 
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64 Stigmahamone Ⅱ 7.45 C18H18O7 [M − H]− 345.0982 345.0980 0.58 
330.0747, 315.0513, 298.0483, 283.0249, 255.0300, 239.0198, 

200.0717  
 - -  - 

65 Claussequinone 7.81 C16H14O5 [M + H]+ 287.0908 287.0914 −2.09 287.0910, 271.0966, 257.0819, 183.0291,149.0591, 131.0492, 
91.0542 

 -   - 

66 Oxoglaucine 8.40 C20H17NO5 [M − H]− 350.1034 350.1034 0.01 
335.0801,307.0852, 279.0902, 231.0173, 231.0173, 203.0226, 

175.0274 
   -  

67 
Methyl 3-(2-oxo- 2-prop-2-enoxyethyl)-1-

benzofuran-2-carboxylate 
8.64 C15H14O5 [M + H]+ 273.0772 273.0768 1.29 259.0568, 258.0534, 168.0018, 166.9985, 139.0037  -   - 

68 Morusin 8.73 C25H24O6 [M − H]− 419.1501 419.1500 0.24 386.1161, 276.1635, 375.1602, 357.1498, 270.0855, 269.0821 - -   - 

69 Kwangsienin A 8.77 C18H18O6 [M + H]+ 331.1168 331.1176 −2.42 
230.0416, 228.0580, 227.0546, 212.0312, 197.0079, 169.0142, 

139.0389,  85.0285 
  -   

70 Isopedicin 9.44 C18H18O6 [M + H]+ 331.1172 331.1176 −1.25 
316.0949, 227.0557, 212.0320, 197.0084, 169.0136, 113.0233, 

85.0280 
  -   

71 Kanakugiol 9.52 C19H20O6 [M + H]+ 345.1330 345.1333 −0.77 242.0736, 241.0702, 226.0468, 211.0235, 183.0287, 131.0490  - -  - 

72 Rottlerin 9.91 C30H28O8 [M + H]+ 517.1853 517.1857 −0.77 
499.1742, 485.1605, 468.2096, 385.1286, 231.1024, 184.0736, 

105.0700, 91.0541 
 -    

73 Nomilin 9.96 C28H34O9 [M − H]− 513.2126 513.2130 −0.79 
481.1867, 453.1920, 307.1704, 289.0717, 178.9985, 

151.0399,123.0450 
 - -  - 

74 Proceranolide 10.59 C27H34O7 [M + H]+ 471.2376 471.2377 −0.21 
403.1756, 353.1379, 297.0758, 261.1484, 233.0807, 221.0807, 

201.0544, 193.0858 
- -    

75 Aristolactam BII 12.35 C17H13NO3 [M + H]+ 280.0965 280.0968 −1.14 280.0965, 265.0732, 264.0652, 240.0629, 236.0703, 149.0234   - -  
76 Fissohamione 12.72 C16H18O5 [M + H]+ 291.1226 291.1227 −0.34 273.1904, 141.0574, 105.0721 - -   - 
77 Norfissilandione 17.78 C18H13NO5 [M + H]+ 324.0866 324.0866 −0.15 324.0864, 312.1001, 309.1121, 295.0960, 266.0810  - - - - 
78 Norcepharadione B 19.83 C18H13NO4 [M + H]+ 308.0910 308.0917 −2.27 308.0911, 293.0678, 279.0839, 250.0856, 156.3622  - - - - 

79 Gedunin 19.88 C28H34O7 [M − H]− 481.2235 481.2232 0.67 
449.1976, 434.1734, 419.1509, 401.1396, 391.1556, 373.1449, 

198.0172, 182.9936, 152.9830 
 - - - - 

The standards used in this experiment were marked in bolds; “” implied the compounds in the related part, while “-” meat no distribution. -

63 Isoquercitrin 7.33 C21H20O12 [M − H]− 463.0888 463.0882 1.30 463.0886, 301.0341, 300.0277, 271.0251,
255.1028, 178.9986, 151.0036 - -
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64 Stigmahamone Ⅱ 7.45 C18H18O7 [M − H]− 345.0982 345.0980 0.58 
330.0747, 315.0513, 298.0483, 283.0249, 255.0300, 239.0198, 

200.0717  
 - -  - 

65 Claussequinone 7.81 C16H14O5 [M + H]+ 287.0908 287.0914 −2.09 287.0910, 271.0966, 257.0819, 183.0291,149.0591, 131.0492, 
91.0542 

 -   - 

66 Oxoglaucine 8.40 C20H17NO5 [M − H]− 350.1034 350.1034 0.01 
335.0801,307.0852, 279.0902, 231.0173, 231.0173, 203.0226, 

175.0274 
   -  

67 
Methyl 3-(2-oxo- 2-prop-2-enoxyethyl)-1-

benzofuran-2-carboxylate 
8.64 C15H14O5 [M + H]+ 273.0772 273.0768 1.29 259.0568, 258.0534, 168.0018, 166.9985, 139.0037  -   - 

68 Morusin 8.73 C25H24O6 [M − H]− 419.1501 419.1500 0.24 386.1161, 276.1635, 375.1602, 357.1498, 270.0855, 269.0821 - -   - 

69 Kwangsienin A 8.77 C18H18O6 [M + H]+ 331.1168 331.1176 −2.42 
230.0416, 228.0580, 227.0546, 212.0312, 197.0079, 169.0142, 

139.0389,  85.0285 
  -   

70 Isopedicin 9.44 C18H18O6 [M + H]+ 331.1172 331.1176 −1.25 
316.0949, 227.0557, 212.0320, 197.0084, 169.0136, 113.0233, 

85.0280 
  -   

71 Kanakugiol 9.52 C19H20O6 [M + H]+ 345.1330 345.1333 −0.77 242.0736, 241.0702, 226.0468, 211.0235, 183.0287, 131.0490  - -  - 

72 Rottlerin 9.91 C30H28O8 [M + H]+ 517.1853 517.1857 −0.77 
499.1742, 485.1605, 468.2096, 385.1286, 231.1024, 184.0736, 

105.0700, 91.0541 
 -    

73 Nomilin 9.96 C28H34O9 [M − H]− 513.2126 513.2130 −0.79 
481.1867, 453.1920, 307.1704, 289.0717, 178.9985, 

151.0399,123.0450 
 - -  - 

74 Proceranolide 10.59 C27H34O7 [M + H]+ 471.2376 471.2377 −0.21 
403.1756, 353.1379, 297.0758, 261.1484, 233.0807, 221.0807, 

201.0544, 193.0858 
- -    

75 Aristolactam BII 12.35 C17H13NO3 [M + H]+ 280.0965 280.0968 −1.14 280.0965, 265.0732, 264.0652, 240.0629, 236.0703, 149.0234   - -  
76 Fissohamione 12.72 C16H18O5 [M + H]+ 291.1226 291.1227 −0.34 273.1904, 141.0574, 105.0721 - -   - 
77 Norfissilandione 17.78 C18H13NO5 [M + H]+ 324.0866 324.0866 −0.15 324.0864, 312.1001, 309.1121, 295.0960, 266.0810  - - - - 
78 Norcepharadione B 19.83 C18H13NO4 [M + H]+ 308.0910 308.0917 −2.27 308.0911, 293.0678, 279.0839, 250.0856, 156.3622  - - - - 

79 Gedunin 19.88 C28H34O7 [M − H]− 481.2235 481.2232 0.67 
449.1976, 434.1734, 419.1509, 401.1396, 391.1556, 373.1449, 

198.0172, 182.9936, 152.9830 
 - - - - 

The standards used in this experiment were marked in bolds; “” implied the compounds in the related part, while “-” meat no distribution. - -

64 Stigmahamone II 7.45 C18H18O7 [M − H]− 345.0982 345.0980 0.58 330.0747, 315.0513, 298.0483, 283.0249,
255.0300, 239.0198, 200.0717
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64 Stigmahamone Ⅱ 7.45 C18H18O7 [M − H]− 345.0982 345.0980 0.58 
330.0747, 315.0513, 298.0483, 283.0249, 255.0300, 239.0198, 

200.0717  
 - -  - 

65 Claussequinone 7.81 C16H14O5 [M + H]+ 287.0908 287.0914 −2.09 287.0910, 271.0966, 257.0819, 183.0291,149.0591, 131.0492, 
91.0542 

 -   - 

66 Oxoglaucine 8.40 C20H17NO5 [M − H]− 350.1034 350.1034 0.01 
335.0801,307.0852, 279.0902, 231.0173, 231.0173, 203.0226, 

175.0274 
   -  

67 
Methyl 3-(2-oxo- 2-prop-2-enoxyethyl)-1-

benzofuran-2-carboxylate 
8.64 C15H14O5 [M + H]+ 273.0772 273.0768 1.29 259.0568, 258.0534, 168.0018, 166.9985, 139.0037  -   - 

68 Morusin 8.73 C25H24O6 [M − H]− 419.1501 419.1500 0.24 386.1161, 276.1635, 375.1602, 357.1498, 270.0855, 269.0821 - -   - 

69 Kwangsienin A 8.77 C18H18O6 [M + H]+ 331.1168 331.1176 −2.42 
230.0416, 228.0580, 227.0546, 212.0312, 197.0079, 169.0142, 

139.0389,  85.0285 
  -   

70 Isopedicin 9.44 C18H18O6 [M + H]+ 331.1172 331.1176 −1.25 
316.0949, 227.0557, 212.0320, 197.0084, 169.0136, 113.0233, 

85.0280 
  -   

71 Kanakugiol 9.52 C19H20O6 [M + H]+ 345.1330 345.1333 −0.77 242.0736, 241.0702, 226.0468, 211.0235, 183.0287, 131.0490  - -  - 

72 Rottlerin 9.91 C30H28O8 [M + H]+ 517.1853 517.1857 −0.77 
499.1742, 485.1605, 468.2096, 385.1286, 231.1024, 184.0736, 

105.0700, 91.0541 
 -    

73 Nomilin 9.96 C28H34O9 [M − H]− 513.2126 513.2130 −0.79 
481.1867, 453.1920, 307.1704, 289.0717, 178.9985, 

151.0399,123.0450 
 - -  - 

74 Proceranolide 10.59 C27H34O7 [M + H]+ 471.2376 471.2377 −0.21 
403.1756, 353.1379, 297.0758, 261.1484, 233.0807, 221.0807, 

201.0544, 193.0858 
- -    

75 Aristolactam BII 12.35 C17H13NO3 [M + H]+ 280.0965 280.0968 −1.14 280.0965, 265.0732, 264.0652, 240.0629, 236.0703, 149.0234   - -  
76 Fissohamione 12.72 C16H18O5 [M + H]+ 291.1226 291.1227 −0.34 273.1904, 141.0574, 105.0721 - -   - 
77 Norfissilandione 17.78 C18H13NO5 [M + H]+ 324.0866 324.0866 −0.15 324.0864, 312.1001, 309.1121, 295.0960, 266.0810  - - - - 
78 Norcepharadione B 19.83 C18H13NO4 [M + H]+ 308.0910 308.0917 −2.27 308.0911, 293.0678, 279.0839, 250.0856, 156.3622  - - - - 

79 Gedunin 19.88 C28H34O7 [M − H]− 481.2235 481.2232 0.67 
449.1976, 434.1734, 419.1509, 401.1396, 391.1556, 373.1449, 

198.0172, 182.9936, 152.9830 
 - - - - 

The standards used in this experiment were marked in bolds; “” implied the compounds in the related part, while “-” meat no distribution. - -
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67 
Methyl 3-(2-oxo- 2-prop-2-enoxyethyl)-1-

benzofuran-2-carboxylate 
8.64 C15H14O5 [M + H]+ 273.0772 273.0768 1.29 259.0568, 258.0534, 168.0018, 166.9985, 139.0037  -   - 
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403.1756, 353.1379, 297.0758, 261.1484, 233.0807, 221.0807, 
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- -    
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79 Gedunin 19.88 C28H34O7 [M − H]− 481.2235 481.2232 0.67 
449.1976, 434.1734, 419.1509, 401.1396, 391.1556, 373.1449, 

198.0172, 182.9936, 152.9830 
 - - - - 

The standards used in this experiment were marked in bolds; “” implied the compounds in the related part, while “-” meat no distribution. -

65 Claussequinone 7.81 C16H14O5 [M + H]+ 287.0908 287.0914 −2.09 287.0910, 271.0966, 257.0819, 183.0291,149.0591,
131.0492, 91.0542
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64 Stigmahamone Ⅱ 7.45 C18H18O7 [M − H]− 345.0982 345.0980 0.58 
330.0747, 315.0513, 298.0483, 283.0249, 255.0300, 239.0198, 

200.0717  
 - -  - 

65 Claussequinone 7.81 C16H14O5 [M + H]+ 287.0908 287.0914 −2.09 287.0910, 271.0966, 257.0819, 183.0291,149.0591, 131.0492, 
91.0542 

 -   - 

66 Oxoglaucine 8.40 C20H17NO5 [M − H]− 350.1034 350.1034 0.01 
335.0801,307.0852, 279.0902, 231.0173, 231.0173, 203.0226, 
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68 Morusin 8.73 C25H24O6 [M − H]− 419.1501 419.1500 0.24 386.1161, 276.1635, 375.1602, 357.1498, 270.0855, 269.0821 - -   - 

69 Kwangsienin A 8.77 C18H18O6 [M + H]+ 331.1168 331.1176 −2.42 
230.0416, 228.0580, 227.0546, 212.0312, 197.0079, 169.0142, 

139.0389,  85.0285 
  -   

70 Isopedicin 9.44 C18H18O6 [M + H]+ 331.1172 331.1176 −1.25 
316.0949, 227.0557, 212.0320, 197.0084, 169.0136, 113.0233, 

85.0280 
  -   

71 Kanakugiol 9.52 C19H20O6 [M + H]+ 345.1330 345.1333 −0.77 242.0736, 241.0702, 226.0468, 211.0235, 183.0287, 131.0490  - -  - 

72 Rottlerin 9.91 C30H28O8 [M + H]+ 517.1853 517.1857 −0.77 
499.1742, 485.1605, 468.2096, 385.1286, 231.1024, 184.0736, 

105.0700, 91.0541 
 -    

73 Nomilin 9.96 C28H34O9 [M − H]− 513.2126 513.2130 −0.79 
481.1867, 453.1920, 307.1704, 289.0717, 178.9985, 

151.0399,123.0450 
 - -  - 

74 Proceranolide 10.59 C27H34O7 [M + H]+ 471.2376 471.2377 −0.21 
403.1756, 353.1379, 297.0758, 261.1484, 233.0807, 221.0807, 

201.0544, 193.0858 
- -    

75 Aristolactam BII 12.35 C17H13NO3 [M + H]+ 280.0965 280.0968 −1.14 280.0965, 265.0732, 264.0652, 240.0629, 236.0703, 149.0234   - -  
76 Fissohamione 12.72 C16H18O5 [M + H]+ 291.1226 291.1227 −0.34 273.1904, 141.0574, 105.0721 - -   - 
77 Norfissilandione 17.78 C18H13NO5 [M + H]+ 324.0866 324.0866 −0.15 324.0864, 312.1001, 309.1121, 295.0960, 266.0810  - - - - 
78 Norcepharadione B 19.83 C18H13NO4 [M + H]+ 308.0910 308.0917 −2.27 308.0911, 293.0678, 279.0839, 250.0856, 156.3622  - - - - 

79 Gedunin 19.88 C28H34O7 [M − H]− 481.2235 481.2232 0.67 
449.1976, 434.1734, 419.1509, 401.1396, 391.1556, 373.1449, 

198.0172, 182.9936, 152.9830 
 - - - - 

The standards used in this experiment were marked in bolds; “” implied the compounds in the related part, while “-” meat no distribution. - -
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76 Fissohamione 12.72 C16H18O5 [M + H]+ 291.1226 291.1227 −0.34 273.1904, 141.0574, 105.0721 - -
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The standards used in this experiment were marked in bolds; “” implied the compounds in the related part, while “-” meat no distribution. -
77 Norfissilandione 17.78 C18H13NO5 [M + H]+ 324.0866 324.0866 −0.15 324.0864, 312.1001, 309.1121, 295.0960, 266.0810
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The standards used in this experiment were marked in bolds; “” implied the compounds in the related part, while “-” meat no distribution. - - - -
78 Norcepharadione B 19.83 C18H13NO4 [M + H]+ 308.0910 308.0917 −2.27 308.0911, 293.0678, 279.0839, 250.0856, 156.3622
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481.1867, 453.1920, 307.1704, 289.0717, 178.9985, 

151.0399,123.0450 
 - -  - 

74 Proceranolide 10.59 C27H34O7 [M + H]+ 471.2376 471.2377 −0.21 
403.1756, 353.1379, 297.0758, 261.1484, 233.0807, 221.0807, 

201.0544, 193.0858 
- -    

75 Aristolactam BII 12.35 C17H13NO3 [M + H]+ 280.0965 280.0968 −1.14 280.0965, 265.0732, 264.0652, 240.0629, 236.0703, 149.0234   - -  
76 Fissohamione 12.72 C16H18O5 [M + H]+ 291.1226 291.1227 −0.34 273.1904, 141.0574, 105.0721 - -   - 
77 Norfissilandione 17.78 C18H13NO5 [M + H]+ 324.0866 324.0866 −0.15 324.0864, 312.1001, 309.1121, 295.0960, 266.0810  - - - - 
78 Norcepharadione B 19.83 C18H13NO4 [M + H]+ 308.0910 308.0917 −2.27 308.0911, 293.0678, 279.0839, 250.0856, 156.3622  - - - - 

79 Gedunin 19.88 C28H34O7 [M − H]− 481.2235 481.2232 0.67 
449.1976, 434.1734, 419.1509, 401.1396, 391.1556, 373.1449, 

198.0172, 182.9936, 152.9830 
 - - - - 

The standards used in this experiment were marked in bolds; “” implied the compounds in the related part, while “-” meat no distribution. - - - -
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2.3. Different Components among FO Parts Screened by XCMS

All the data were processed by XCMS with sample name, accurate mass-to-charge
ratio, retention time, p value, Q value and intensity of each fragment. The zero-intensity
fragments were manually searched and obtained, which meant the components represented
by these ions were not detected or distributed in the related samples. Moreover, only the
ones that showed zero value in all three-parallel samples of each part were considered
as the none-distributed components. In this experiment, XCMS-aligned data contained
12,238 fragments in positive-ion- mode data and 19,861 in negative-ion-mode data. After
rearranging the retention times in Excel, the zero-intensity fragments at the same or very-
close (<0.05) retention time were used for qualitative analysis. A total of 25 differential
components of FO parts were identified and obtained, including 6 alkaloids, 13 flavonoids,
3 phenylpropanoids, 3 triterpenes (Table 2).

The result indicated an interesting phenomenon about the chemical absence in plant
part(s). For instance, three components were only detected in roots, such as norfissilan-
dione, norcepharadione B and gedunin. This may function specially for roots, generated by
specific root tissues (e.g., root tip, root hairs, etc.) or the different environments (lightless
in soil) from other parts [34,35], pending further research, like laser-capturing to detect
the tissue or cell chemicals [36,37]. In contrast, there were five components distributed
in all the parts except root, including artabotryside A, apiin, nicotiflorin, eupatolin and
quercetin-3-O-rhamn-oside, which may be generated by the above-ground tissues. Mean-
while, the stem and insect gall showed same chemical distribution, and two compounds,
claussequinone and methyl 3-(2-oxo-2-prop-2-enoxyethyl)-1-benzofuran-2-carboxylate,
were only absent in these two parts. Leaves and fruits had the similar results that cnidimol
B, claussequinone, morusin and fissohamione distributed only here, while aristolactam
FI was absented. Aristolactam FII, Kwangsienin A and Isopedicin were only absent in
leaves, while isoquercitrin was just detected in leaves. The components of these different
distributions were determined by the specific metabolic functions of these tissues, or the
different external environment leading to plant defense [38] or other actions, which bene-
fited the metabolic mechanism research [39]. In other aspects, the identification of Chinese
traditional patent medicine is more difficult than that of Chinese herbal medicine [40], due
to the usage of their powders or extracts. Although the identification techniques (liquid or
gas chromatography, etc.) have been developed significantly already, it is still hard to find
a specific way to tell the real resource. Hence, these differences of FO compounds can be
used as identification markers of which FO tissues used in proprietary Chinese medicine,
increasing the safety and efficacy of medication.

2.4. Multivariate Statistical Analysis and Comparison

In recent years, high-resolution LC/MS technology combined with multivariate sta-
tistical methods were applied to accurately perform for the omics study of traditional
Chinese medicine [41–43]. In this study, we also performed this method to compare the
component analysis of multiple samples. After sieving by XCMS, all the data without
zero were considered as the common fragments of each FO part. Multivariate statistical
analysis was performed to compare and analyze their differences, including principal
component analysis (PCA), partial least-squares discrimination analysis (PLS-DA) and
orthogonal partial least-squares discrimination analysis (OPLS-DA). The purpose was
to establish a relationship model between component expression and samples to realize
the prediction and judgment analysis of the data category. The steps included importing
the excel data into the SIMCA-P 14.0 for modeling and automatically fitting to screen the
different models [44–48]. The experimental data was optimally modeled under OPLS-DA,
and the UV model was built with the following parameters: positive ion mode: R2X = 0.975,
R2Y = 1, Q2 = 0.959; negative ion mode: R2X = 0.999, R2Y = 1, Q2 = 0.886. The closer R2

and Q2 values were to 1, the better the model was [47,48]. From Figure 2a,b, the OPLS-DA
model of positive and negative ion data has been successfully established, and all the
FO samples were clearly clustered into five categories, indicating that the expressions of
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common components in FO parts were significantly different, and the fruit and insect galls
showed much similarity under this model.
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Figure 2. OPLS-DA scores plots and loading plots of 15 samples of different parts of F. oldhamii. (a–d) are positive and
negative ion mode data separately.

Figure 2c,d showed the loading plots of all the fragments in 15 samples, in which the
farther the spots away from the center, the greater the component difference in FO parts.
The extent of component differences was evaluated by VIP values (variable importance
for the projection importance) [44,45] to compare the strength and explanatory power
of each component expression on their classification and discrimination. The ions with
VIP value > 1.0 were consider as the fragments of markers, and their expression intensities
were used to compare relative content in different FO components. The fragments farther
from the clusters had higher VIP values, and all the ions with a VIP value greater than 1
were screened out in Excel format. According to the retention time and mass-to-charge
ratio of these ions, the MS data were targeted for searching, and the corresponding common
components were sorted out. Afterwards, the average intensity of each compounds in
three parallel data for each FO part was used as the comparison benchmark for relative
content (%) [30,47,48] (Figure 3). A total of 54 components (markers) in different FO parts
were obtained and identified, including 27 alkaloids, 16 flavonoids, 8 phenylpropanoids,
1 sesquiterpene, 1 quinone and 1 phenolic acid component (see Table 1).

2.5. Semi-Quantitative Analysis

Figure 3 showed the relative percentage of 54 common components, in which the
content of most compounds in roots, stems and leaves were generally higher than oth-
ers. Their intensities were used to express the relative percentage content in Figure
3a,b. Comparing the contents in FO parts, most components were significantly more
in roots, stems and leaves than other parts. The constituents mainly distributed in FO
roots were glaucine, aloenin, duguevanine, licocoumarin A, clausamine F, thunberginol C,
oxocrebanine, anolobine, etc., of which, notably, isoquercitrin, norfissilandione, norcephara-
dione B and gedunin were only detected in roots. The constituents dominating in stems
were found to be glucosyringic acid, dehydrodeguelin, lactucin, etc., which, being polar
species, can be transported in stem xylems [49]. The main components detected in leaves
were astilbin, corytuberine, demethylmoracin I, calycinine, noraristolodione, ammidin,
5, 6, 7, 8, -Tetramethoxyflavone, Aristolactam BIII, etc., while fruits had the biggest rele-
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vant contents of fissistigmatin A, xylopine and fissilandione. However, only crebanine was
mainly distributed in insect galls, and with good antibacterial activity [50,51]; crebanine
should be a way to protect the plant from insect injured.
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2.6. Aristolactams Differences

Since the first-reported over 100 cases of aristolochic acid nephropathy (AAN) in
Belgium [52], much attention has been paid to the distribution and toxicity of aristolochic
acid (AA) and aristolactam (AL) in traditional herbs, especially for the traditional Chinese
medicine (TCM) [53]. Epidemiological studies showed that AA and AL exposure is associ-
ated with a high risk of nephrotoxicity and upper urinary tract carcinoma (UUC), indicating
that these toxic compounds’ distribution was of wide concern [54–58]. According to the
previous studies, 14 aristolactams have been isolated or detected from FO, including aristo-
lactam A II, A III a, B II, B III, F I, F II, GI, GII, oldhamactam, stigmalactam, piperolactam
C, enterocarpam I, velutinam and goniothalactam, most of which were derived from FO
stems [9,59–61].

In this study, a total of six aristolactams were identified in different parts of FO,
including Aristolactam AII, AIIIa, BII, BIII, FI and FII. After the XCMS screening, three
differently distributed aristolactams were found, in that aristolactam B II and F I were
not found both in leaves and fruits and aristolactam F II only not in leaves (Figure 3b,
Table 2). For all six aristolactams, they were mainly distributed in stems, insect galls and
roots. Notably, all the relative content of aristolactams in above-ground stems were more
than 50%, quite higher than other parts. For example, the percentages of aristolactam
BII and BIII in stems were even 88% and 84%, respectively. FO leaves and fruits had less
aristolactams both in number and content. However, eating fruits was considered as a
risk due to these toxic components, and both underground roots (Guangxiangteng) and
above-ground stems and leaves (Xiangteng) should also be carefully used as medicine,
especially for oral administration.

2.7. Identification and Component Pyrolysis Based on MS Fragmentater

For component identification, the published spectra under same MS condition were
quite useful to confirm the structures with the comparison of the experimental spectra,
especially for the MS2 spectra. However, most FO compounds did not have these sources in
public databases. Hence, several standard components were used to assist the identification,
such as (−)-epicatechin and aristolactam AIIIa shown in Figure 4. Meanwhile, to interpret
other components without standards or published spectra, their MS fragmentations were
predicted by MS Fragmentater [62,63] for the comparison with the detected fragments. Tak-
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ing the cleavage of Fissistigine C [64] as an example, it was detected in positive ion mode
with a strong molecular ion peak, m/z 342.1699[C20H24NO4]+. Its fragmentation under MS
Fragmentater mainly included the cleavage of nitrogen-containing heterocycles and oxygen-
containing 7-membered rings. The MS fragments included m/z 342.1670 [C20H24NO4]+,
m/z 314.1387 [C18H20NO4]+, m/z 313.1434 [C19H21O4]+, m/z 311.1278 [C19H19O4]+,
m/z 310.1438 [C19H20NO3]+, m/z 299.1278 [C18H19O4]+, m/z 285.1121 [C17H17O4]+,
m/z 283.0965 [C17H15O4]+, m/z 204.1019 [C12H14NO2]+, m/z 191.0940 [C11H14NO2]+,
m/z 176.1070 [C11H14NO]+, m/z 151.0754 [C9H11O2]+, m/z 148.0757 [C9H10NO]+, m/z
137.0597 [C8H9O2]+, m/z 133.0648 [C9H9O]+, m/z 58.0651 [C3H8N]+, m/z 56.0495 [C3H6N]+,
m/z 44.0495 [C2H6N]+ and m/z 42.0338 [C2H4N] +, etc. Figure 5a,b shows MS scan re-
sults, exhibiting strong ions of m/z 342.1697 [C20H24NO4]+, m/z 191.0940 [C11H14NO2]+

and m/z 58.0658 [C3H8N]+, and other obvious ones of m/z 311.1278 [C19H19O4]+, m/z
299.1277 [C18H19O4]+ and m/z 285.1120 [C17H17O4]+. The experimental fragmentation fit
very well with the fragments predicted above; therefore, it was identified as Fissistigine C.
The fragment ions were generated via several processes, including protonation, π bond
dissociation, inductive cleavage, rearrangements, etc. (Figure 5c).

2.8. Method Validation

Based on the above optimized condition, the mixed stock solution was diluted with
methanol to different concentrations for constructing calibration curves. The ratio of peak
areas (y) of each compound was plotted against the concentrations (x, ng mL−1). All the
curves exhibited good linearity with determination coefficients (R2) from 0.9988 to 0.9999.
The LOQ and LOD were evaluated by the signal-to-noise (S/N) of 10 and 3. The values of
LOD and LOQ in this experiment were 0.12–6.41 and 0.21–5.45 ng mL−1, respectively.

Meanwhile, the intra- and inter-day precision were calculated by analyzing the stock
solution under the above optimized conditions, with respective RSD values less than 4.8%
and 4.9%. In addition, the acceptable RSD values of repeatability (n = 6) and stability in 8 h
(n = 6) were 2.3–4.5% and 2.8–4.8%.
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The recovery was validated by adding a known amount of stock standard at different
concentration levels (high, middle and low, n = 3) into a selected sample. The mixtures
were analyzed in triplicate with the optimized method. The recovery of this method varied
from 99.5% to 103.5% with the RSD value between 0.5% and 3.58%. The detailed data are
listed in Table 3.
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Table 3. Method validation parameters of eight detected standards.

Standards

Precision
(RSD, n = 6) Repeatability Stability Regression

Equation
(n = 3)

Linear
Range * R2 LOQ * LOD * Added

(ng)
Detected

(ng)
Recovery

(%)
RSD (%)

n = 3Intra-
day

Inter-
day (RSD, n = 6)

Syringic acid 2.2 4.6 3.8 2.8 y = 0.688x + 0.0147 0.03–4 0.9994 3.2 1 100 99.5 ± 0.5 99.5 0.50
(−)-Epicatechin 3.2 4.4 2.3 3.3 y = 0.10x − 0.0022 0.03–1 0.9997 2.2 0.5 50 51.75 ± 0.72 103.5 1.39

Crebanine 2.9 3.1 3.3 3.2 y = 0.773x − 0.010 0.06–4 0.9999 0.7 0.2 25 25.17 ± 0.90 100.68 3.58
Corytuberine 3.8 4.3 2.9 4.6 y = 0.318x + 0.004 0.06–1 0.9991 1.3 0.4 50 50.9 ± 0.68 101.8 1.34

Isopedicin 2.7 4.5 3.2 2.6 y = 0.500x − 0.083 0.03–4 0.9999 1.5 0.4 50 52.0 ± 0.91 104 1.75
Aristolactam BII 1.1 4 2.8 2.8 y = 0.172x − 0.007 0.125–4 0.9988 2.2 0.5 100 100.2 ± 0.93 100.2 0.93
Aristolactam FI 2.3 1.8 3.2 3.2 y = 0.720x − 0.026 0.125–1 0.9991 0.8 0.2 50 50.6 ± 0.54 101.2 1.07

Aristolactam AIIIa 4.8 4.9 4.5 4.8 y = 0.793x − 0.029 0.06–4 0.9992 0.1 0.03 50 49.9 ± 0.38 99.8 0.76

* The unit of linear range is µg·mL−1, while LOD and LOQ was in ng·mL−1.
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3. Materials and Methods
3.1. Reagents and Materials

Eight standard compounds were purchased from Yuanye Biotechnology Co., Ltd.
(Shanghai, China), including syringic acid (LOT: S23F7K9842), (−)-epicatechin (LOT:
C16N6Q5881), crebanine (LOT: R15D8F50600), corytuberine (LOT: Z11M8S35795), iso-
pedicin (LOT: X12D8L50492), aristolactam BII (LOT: X12D8L50494), aristolactam F I (LOT:
X12D8L50490) and aristolactam AIIIa (LOT: X12D8L50493). The purity of each chemical
was above 95%. LC/MS grade methanol, formic acid, acetonitrile, and ammonium acetate
were purchased from Fisher Scientific (Fair Lawn, NJ, USA), and water was obtained from
a Milli-Q water purification system (Millipore, Bedford, MA, USA).

With accordance to the first recorded place, Nan’an (Ganzhou, China) [2], the plant
materials, ten adult herbs with fruits, were collected as samples from similar sites in
Jiulian mountain national forest in Jiulian Mountain, Longnan County, Ganzhou City,
China, including Jiulianshan forestry station (24◦62′ N, 114◦56′ E), Aobei (24◦61′ N, 114◦55′

E), Shuangdun (24◦62′ N, 114◦54′ E), Jiulianshan reserve management station (24◦46′ N,
114◦54′ E) and Huangniushi Linchang (24◦50′ N, 114◦41′ E). All the herbs were segmented
around 20–30 cm long, and then kept in clean cartons under−20 ◦C for further experiments.
All the samples were identified as Fissistigma oldhamii (Hemsl.) Merr. by Professor Jialin
Li and Professor Haibo Hu of the School of Pharmacy, Ganzhou Medical University. A
voucher specimen was kept in the Herbarium of Chinese Medicine of Gannan Medical
University (No. XT-CY1501).

3.2. Preparation of Standard and Sample Solution

In order to eliminate the possible errors of single detection, each sample was prepared
in three parallel groups. For each group, 10 FO plants were cleaned and separated into the
roots, stems, leaves, fruits and insect galls. These different parts were dried under 45 ◦C
for 48 h, then smashed into powder. A 40-mesh pharmacopoeia sieve was used to obtain
average particles, in which 1 g of each part were sampled and put in a closed centrifuge
tube with 20 mL methanol. The mixtures were steeped for 1 h and extracted ultrasonically
for 3 times, lasting 0.5 h each time with an interval of 4 h. After centrifugation (3000 rpm,
10 min), the supernatant was taken, diluted by 10-fold for HRMS. The samples of each part
were made by the above same method for 3 times and named GEN1–3, JING1–3, YE1–3,
GUO1–3, CY1–3, indicating roots, stems, leaves, fruits and insect galls, respectively. The
stock solutions of standard compounds in methanol were prepared in 4 µg·mL−1 of each
compound and also a mixed solution. All samples and standard solution were stored at
4 ◦C and be filtered through a 0.2 µm filter before analysis.

3.3. UHPLC and MS/MS Conditions

The ultraperformance liquid chromatography-tandem mass spectrometry were per-
formed using an Ultimate 3000 UHPLC system with a WPS-3000 auto-sampler, coupled
to a Q-Exactive Qibitrap MS spectrometer, which is combined with quadrupole ion se-
lection and Orbitrap high-resolution scanning (Thermo Fisher Scientific, Waltham, MA,
USA). The chromatographic separation was carried out on a Waters Acquity UPLC BEH
C18 column (100 mm × 2.1 mm, 1.7 µm particle size; Waters, Milford, CT, USA). With
0.3 mL·min−1 flow rate, the column was set at 35 ◦C and the injection volume was 10 µL.
The mobile phase was composed of acetonitrile (eluent A), water containing 0.1% formic
acid and 5 mM ammonium acetate (eluent B). The gradient elution conditions were set as
follows: 0–3 min, 12–30% A; 3–5 min, 30–50% A; 5–10 min, 5%0–95% A; 10–15 min, 95% A;
15–20 min, 95–100% A; 20–22 min, 100% A; in 22.01 min, switched to 12% A and kept up to
5 min to equilibrate the system.

For MS detecting, a Q-Exactive-Qibitrap-MS spectrometer was fitted with a heated
electrospray ionization (ESI) ion source in both negative and positive ionization mode at
full scan mode ranged m/z 100–1000. To aid the structural identification of the components,
top 5 ions’ MS/MS fragmentation (dd-MS2-TOP 5) was operated with the range of m/z
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50–1000. The optimal MS parameters were as follows: spray voltage −2.8 Kv/+3.5 Kv;
sheath gas flow rate, 35 arbitrary units; auxiliary gas flow rate, 10 arbitrary units; capillary
temperature, 320 ◦C; auxiliary gas heater temperature, 350 ◦C. The resolution of full scan
and dd-ms2 were 70,000 and 35,000 FWHM (full width at half maximum), while their AGC
target were set as 3 × 106 and 1 × 105, with their maximum IT (the maximum injection
time allowed to obtain the set AGC target) 100 and 50 ms, respectively. The stepped NCE
(normalized collision energy) was set to 35 V for MS/MS acquisition.

3.4. Data Processing and Analysis

All the data operation, acquisition and analysis were done by Xcalibur 4.2 (Thermo
Fisher Scientific Inc., Waltham, MA, USA), ACD/MS Workbook Suite 2020 (Advanced
Chemistry Development, Inc. Toronto, ON, Canada), combined with MS Fragmentater 2020
(ACD/labs), XCMS-online (Scripps Research Institute, La Jolla, CA, USA) and SIMCA 14.0
(Umetrics, Umeå, Sweden). The original UHPLC-MS data of each samples were exported,
and their background were subtracted from mass spectrum data of the blank solvent using
Xcalibur for both positive and negative ion data. Then, the processed data were imported
to XCMS to extract peaks and align chromatograms to make the comparison more accurate
than manual work. The processing parameters were as follows: mass range: 100–1000 Da;
mass tolerance: 10 ppm; RT tolerance [min]: 0.05; S/N threshold: 5. Then, all the aligned
MS data of FO samples without interfering peaks were obtained, including the retention
time and precise molecular mass which were necessary for chemical identification.

Before detection, the published compounds of FO were comprehensively collected
by checking Dictionary of Natural Products, Sci Finder, Web of Science, CNKI and other
databases. Then, a manual compound library was created, including the chemical name,
molecular formula, exact molecular weight, and structure information. Under Xcalibur 4.2,
the mass spectrums and their secondary spectrum (top 5 ions of MS2 fragmentation) of the
molecular ion peaks were screened and checked by comparing the detected formula and
MS fragments with the component library we built, and most compounds were targeted
and identified. Then, their structures were elucidated by comparing with their detected
MSn ion fragments and the fragmentation patterns of each compound were summarized
and further verified according to MS Fragmenter.

Meanwhile, the aligned Excel data converted by XCMS were manually screened for
the fragments with zero intensity, represented the absence of the corresponding compounds
in the related FO part. By this method, the different compounds among FO parts were
obtained. Secondly, the data without zero-intensity fragments were carried out with
multivariate statistical analysis by SIMCA to identify the difference of component contents
in each FO part. PLS-DA and OPLS-DA analysis of the processed data were then performed
to identify the compounds with VIP > 1, which implied the markers as the main components
with significant content differences among FO parts. Meanwhile, their intensity was
considered as the relative content and were used for the content comparison.

4. Conclusions

In this paper, a rapid and reliable method using UHPLC-Q -Exactive–MS was es-
tablished to perform qualitative and semi-quantitative analysis of the constituents in all
Fissistigma oldhamii (FO) parts (roots, stems, leaves, fruits and insect galls). The analysis
revealed a high content of virous compositions in FO, in which alkaloids and flavonoids
were the main compounds. Via comparing both MS1 and MS2 spectra with standards
and fragmentations, 79 components were identified, and they were compared by XCMS
screening and multivariate statistical analysis. This showed that there were 25 components
differentially distributed in FO parts, and 54 common ones (markers) were recognized with
obviously different relative content, most of which exhibited quite higher contents in the
roots and leaves. The results showed that the chemical components of the roots, stems,
leaves, fruits and insect galls had obvious differences in types and relative contents.
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Notably, due to the distribution of highly nephrotoxic aristolactams, all FO parts
should be carefully valued for oral administration, especially for eating fruits. The method
used in our experiment can quickly recognize the component differences between multiple
samples, while the MSn comparison based on MS fragmenter can provide much more
information for the identification of “unknown” compounds. However, the high-density
data and charged software could be a barrier for the method application. In summary,
the high-resolution LC/MS technology combined with multivariate statistical methods
can accurately perform component analysis of different FO samples, and should be used
for studies of other traditional Chinese medicine. Clear distributions of effective or toxic
components in plants can provide a basis for the medicinal and edible usage of various plant
tissues and for further studies of the metabolic process and mechanism of plant components.
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et al. Aristolactam-DNA adducts are a biomarker of environmental exposure to aristolochic acid. Kidney Int. 2012, 81, 559–567.
[CrossRef]

12. Li, J.; Zhang, L.; Jiang, Z.; He, X.; Zhang, L.; Xu, M. Expression of Renal Aquaporins in Aristolochic Acid I and Aristolactam
I-Induced Nephrotoxicity. Nephron 2016, 133, 213–221. [CrossRef] [PubMed]

13. Eiler, J.; Cesar, J.; Chimiak, L.; Dallas, B.; Grice, K.; Griep-Raming, J.; Juchelka, D.; Kitchen, N.; Lloyd, M.; Makarov, A.; et al.
Analysis of molecular isotopic structures at high precision and accuracy by Orbitrap mass spectrometry. Int. J. Mass Spectrom.
2017, 422, 126–142. [CrossRef]

14. Li, Q.; Zhao, Y.; Zhu, D.; Pang, X.; Liu, Y.; Frew, R.; Chen, G. Lipidomics profiling of goat milk, soymilk and bovine milk by
UPLC-Q-Exactive Orbitrap Mass Spectrometry. Food Chem. 2017, 224, 302–309. [CrossRef]

15. Sun, Z.; Zuo, L.; Sun, T.; Tang, J.; Ding, D.; Zhou, L.; Kang, J.; Zhang, X. Chemical profiling and quantification of XueBiJing
injection, a systematic quality control strategy using UHPLC-Q Exactive hybrid quadrupole-orbitrap high-resolution mass
spectrometry. Sci. Rep. 2017, 7, 16921. [CrossRef] [PubMed]

16. Chen, H.; Gao, G.; Liu, P.; Pan, M.; Chai, Y.; Liu, X.; Lu, C. Development and validation of an ultra performance liquid
chromatography Q-Exactive Orbitrap mass spectrometry for the determination of fipronil and its metabolites in tea and
chrysanthemum. Food Chem. 2018, 246, 328–334. [CrossRef]

17. Zheng, G.; Yang, X.; Chen, B.; Chao, Y.; Hu, P.; Cai, Y.; Wu, B.; Wei, M. Identification and determination of chemical constituents
of Citrus reticulata semen through ultra high performance liquid chromatography combined with Q Exactive Orbitrap tandem
mass spectrometry. J. Sep. Sci. 2020, 43, 438–451. [CrossRef] [PubMed]

18. Yang, Y.; Wang, H.J.; Yang, J.; Brantner, A.H.; Lower-Nedza, A.D.; Si, N.; Song, J.F.; Bai, B.; Zhao, H.Y.; Bian, B.L. Chemical
profiling and quantification of Chinese medicinal formula Huang-Lian-Jie-Du decoction, a systematic quality control strategy
using ultra high performance liquid chromatography combined with hybrid quadrupole-orbitrap and triple quadrupole mass
spectrometers. J. Chromatogr. A 2013, 1321, 88–99. [CrossRef]

19. Liu, L.; Cui, Z.; Zhang, Y.; Xu, W.; Yang, X.; Zhong, L.; Zhang, P.; Gong, Y. Identification and quantification analysis of the
chemical constituents from Mahonia fortune using Q-Exactive HF Mass Spectrometer and UPLC–ESI-MS/MS. J. Pharm. Biomed.
Anal. 2021, 196, 113903. [CrossRef]

20. Allen, F.; Greiner, R.; Wishart, D. Competitive fragmentation modeling of ESI-MS/MS spectra for putative metabolite identification.
Metabolomics 2014, 11, 98–110. [CrossRef]

21. Schymanski, E.L.; Jeon, J.; Gulde, R.; Fenner, K.; Ruff, M.; Singer, H.P.; Hollender, J. Identifying small molecules via high resolution
mass spectrometry: Communicating confidence. Environ. Sci. Technol. 2014, 48, 2097–2098. [CrossRef]

22. Weissberg, A.; Dagan, S. Interpretation of ESI(+)-MS-MS spectra-towards the identification of “unknowns”. Int. J. Mass Spectrom.
2011, 299, 158–168. [CrossRef]

23. Tautenhahn, R.; Patti, G.J.; Rinehart, D.; Siuzdak, G. XCMS online: A web-based platform to process untargeted metabolomic
data. Anal. Chem. 2012, 84, 5035–5039. [CrossRef] [PubMed]

24. Pelander, A.; Tyrkkö, E.; Ojanperä, I. In silico methods for predicting metabolism and mass fragmentation applied to quetiapine in
liquid chromatography/time-of-flight mass spectrometry urine drug screening. Rapid Commun. Mass Spectrom. 2009, 23, 506–514.
[CrossRef]

25. Lee, Y.-J.; Choi, J.-H.; Abd El-Aty, A.M.; Chung, H.S.; Lee, H.S.; Kim, S.-W.; Rahman, M.M.; Park, B.-J.; Kim, J.-E.; Shin, H.-C.; et al.
Development of a single-run analytical method for the detection of ten multiclass emerging contaminants in agricultural soil
using an acetate-buffered QuEChERS method coupled with LC-MS/MS. J. Sep. Sci. 2017, 40, 415–423. [CrossRef]

26. Flores, M.I.A.; Romero-González, R.; Frenich, A.g.; Vidal, J.L.M. Analysis of phenolic compounds in olive oil by solid-phase
extraction and ultra high performance liquid chromatography-tandem mass spectrometry. Food Chem. 2012, 134, 2465–2472.
[CrossRef]

27. Shi, F.; Guo, C.; Gong, L.; Li, J.; Dong, P.; Zhang, J.; Cui, P.; Jiang, S.; Zhao, Y.; Zeng, S. Application of a high resolution
benchtop quadrupole-Orbitrap mass spectrometry for the rapid screening, confirmation and quantification of illegal adulterated
phosphodiesterase-5 inhibitors in herbal medicines and dietary supplements. J. Chromatogr. A 2014, 1344, 91–98. [CrossRef]
[PubMed]

28. Hogenboom, A.C.; van Leerdam, J.A.; de Voogt, P. Accurate mass screening and identification of emerging contaminants in
environmental samples by liquid chromatography-hybrid linear ion trap Orbitrap mass spectrometry. J. Chromatogr. A 2009, 1216,
510–519. [CrossRef]

29. Makarov, A.; Denisov, E.; Kholomeev, A.; Balschun, W.; Lange, O.; Strupat, K.; Horning, S. Performance evaluation of a hybrid
linear ion trap/orbitrap mass spectrometer. Anal. Chem. 2006, 78, 2113–2120. [CrossRef]

30. Wang, J.R.; Yau, L.F.; Gao, W.N.; Liu, Y.; Yick, P.W.; Liu, L.; Jiang, Z.H. Quantitative comparison and metabolite profiling of
saponins in different parts of the root of panax notoginseng. J. Agric. Food Chem. 2014, 62, 9024–9034. [CrossRef]

31. XCMSOnline. Available online: https://xcmsonline.scripps.edu (accessed on 10 February 2021).
32. Forsberg, E.M.; Huan, T.; Rinehart, D.; Benton, H.P.; Warth, B.; Hilmers, B.; Siuzdak, G. Data processing, multi-omic pathway

mapping, and metabolite activity analysis using XCMS Online. Nat. Protoc. 2018, 13, 633–651. [CrossRef]
33. Boyce, M.C.; Lawler, N.G.; Tu, Y.; Reinke, S.N. Introducing Undergraduate Students to Metabolomics Using Liquid

Chromatography-High Resolution Mass Spectrometry Analysis of Horse Blood. J. Chem. Educ. 2019, 96, 745–750. [CrossRef]

http://doi.org/10.1038/ki.2011.371
http://doi.org/10.1159/000446854
http://www.ncbi.nlm.nih.gov/pubmed/27352112
http://doi.org/10.1016/j.ijms.2017.10.002
http://doi.org/10.1016/j.foodchem.2016.12.083
http://doi.org/10.1038/s41598-017-17170-y
http://www.ncbi.nlm.nih.gov/pubmed/29208914
http://doi.org/10.1016/j.foodchem.2017.11.017
http://doi.org/10.1002/jssc.201900641
http://www.ncbi.nlm.nih.gov/pubmed/31654554
http://doi.org/10.1016/j.chroma.2013.10.072
http://doi.org/10.1016/j.jpba.2021.113903
http://doi.org/10.1007/s11306-014-0676-4
http://doi.org/10.1021/es5002105
http://doi.org/10.1016/j.ijms.2010.10.024
http://doi.org/10.1021/ac300698c
http://www.ncbi.nlm.nih.gov/pubmed/22533540
http://doi.org/10.1002/rcm.3901
http://doi.org/10.1002/jssc.201600953
http://doi.org/10.1016/j.foodchem.2012.04.058
http://doi.org/10.1016/j.chroma.2013.12.030
http://www.ncbi.nlm.nih.gov/pubmed/24377735
http://doi.org/10.1016/j.chroma.2008.08.053
http://doi.org/10.1021/ac0518811
http://doi.org/10.1021/jf502214x
https://xcmsonline.scripps.edu
http://doi.org/10.1038/nprot.2017.151
http://doi.org/10.1021/acs.jchemed.8b00625


Molecules 2021, 26, 960 17 of 18

34. McCully, M. How do real roots work? Some new views of root structure. Plant Physiol. 1995, 109, 1–6. [CrossRef] [PubMed]
35. Eissenstat, D. Root structure and function in an ecological context. New Phytol. 2000, 148, 353–354. [CrossRef]
36. Foley, J.W.; Zhu, C.; Jolivet, P.; Zhu, S.X.; Lu, P.; Meaney, M.J.; West, R.B. Gene expression profiling of single cells from archival

tissue with laser-capture microdissection and Smart-3SEQ. Genome Res. 2019, 29, 1816–1825. [CrossRef]
37. Huang, P.; Kong, Q.; Gao, W.; Chu, B.; Li, H.; Mao, Y.; Cai, Z.; Xu, R.; Tian, R. Spatial proteome profiling by immunohistochemistry-

based laser capture microdissection and data-independent acquisition proteomics. Anal. Chim. Acta 2020, 1127, 140–148.
[CrossRef]

38. Parker, D.; Beckmann, M.; Zubair, H.; Enot, D.P.; Caracuel-Rios, Z.; Overy, D.P.; Snowdon, S.; Talbot, N.J.; Draper, J. Metabolomic
analysis reveals a common pattern of metabolic re-programming during invasion of three host plant species by Magnaporthe
grisea. Plant J. 2009, 59, 723–737. [CrossRef]

39. Roessner, U.; Luedemann, A.; Brust, D.; Fiehn, O.; Linke, T.; Willmitzer, L.; Fernie, A.R. Metabolic profiling allows comprehensive
phenotyping of genetically or environmentally modified plant systems. Plant Cell 2001, 13, 11–29. [CrossRef] [PubMed]

40. Li, Q.; Sun, Y.; Guo, H.; Sang, F.; Ma, H.; Peng, H.; Zheng, N.; Xu, L. Quality control of the traditional Chinese medicine Ruyi
jinhuang powder based on high-throughput sequencing and real-time PCR. Sci. Rep. 2018, 8, 8261. [CrossRef]

41. Wu, G.; Zhang, W.; Li, H. Application of metabolomics for unveiling the therapeutic role of traditional Chinese medicine in
metabolic diseases. J. Ethnopharmacol. 2019, 242, 112057. [CrossRef]

42. Xu, L.; Zhang, Y.; Zhang, P.; Dai, X.; Gao, Y.; Lv, Y.; Qin, S.; Xu, F. Integrated Metabolomics and Network Pharmacology
Strategy-Driven Active Traditional Chinese Medicine Ingredients Discovery for the Alleviation of Cisplatin Nephrotoxicity. Chem.
Res. Toxicol. 2019, 32, 2411–2421. [CrossRef] [PubMed]

43. Zhou, S.; Allard, P.M.; Wolfrum, C.; Ke, C.; Tang, C.; Ye, Y.; Wolfender, J.L. Identification of chemotypes in bitter melon by
metabolomics: A plant with potential benefit for management of diabetes in traditional Chinese medicine. Metabolomics 2019, 15,
104. [CrossRef]

44. Hassan, H.A.; Ammar, N.M.; Serag, A.; Shaker, O.G.; El Gendy, A.N.; Abdel-Hamid, A.H.Z. Metabolomics driven analysis of
obesity-linked colorectal cancer patients via GC-MS and chemometrics: A pilot study. Microchem. J. 2020, 155, 104742. [CrossRef]

45. Senizza, B.; Rocchetti, G.; Ghisoni, S.; Busconi, M.; De Los Mozos Pascual, M.; Fernandez, J.A.; Lucini, L.; Trevisan, M.
Identification of phenolic markers for saffron authenticity and origin: An untargeted metabolomics approach. Food Res. Int. 2019,
126, 108584. [CrossRef] [PubMed]

46. Huang, B.M.; Zha, Q.L.; Chen, T.B.; Xiao, S.Y.; Xie, Y.; Luo, P.; Wang, Y.P.; Liu, L.; Zhou, H. Discovery of markers for discriminating
the age of cultivated ginseng by using UHPLC-QTOF/MS coupled with OPLS-DA. Phytomedicine 2018, 45, 8–17. [CrossRef]

47. Triba, M.N.; Le Moyec, L.; Amathieu, R.; Goossens, C.; Bouchemal, N.; Nahon, P.; Rutledge, D.N.; Savarin, P. PLS/OPLS models
in metabolomics: The impact of permutation of dataset rows on the K-fold cross-validation quality parameters. Mol. Biosyst.
2015, 11, 13–19. [CrossRef] [PubMed]

48. Haibo, H.; Yaoli, L.; Jinsheng, C.; Jialin, L.; Qilai, C.; Jingyi1, D.; Hao, H. Comparative Research on Volatile Components in
Different Parts of Fissistigma oldhamii Using HS-GC-MS and Multivariate Statistical Analysis. Modemization Tradit. Chin. Med.
Mater. Med. World Sci. Technol. 2019, 21, 1724–1730.

49. Pickard, W.F. Xylem Structure and the Ascent of Sap. Martin H. Zimmermann. Q. Rev. Biol. 1984, 59, 475–476. [CrossRef]
50. Yang, D.L.; Mei, W.L.; Zeng, Y.B.; Guo, Z.K.; Wei, D.J.; Liu, S.B.; Wang, Q.H.; Dai, H.F. A new antibacterial denitroaristolochic acid

from the tubers of Stephania succifera. J. Asian Nat. Prod. Res. 2013, 15, 315–318. [CrossRef]
51. Deng, Y.; Yu, Y.; Luo, H.; Zhang, M.; Qin, X.; Li, L. Antimicrobial activity of extract and two alkaloids from traditional Chinese

medicinal plant Stephania dielsiana. Food Chem. 2011, 124, 1556–1560. [CrossRef]
52. Vanherweghem, J.L. Misuse of herbal remedies: The case of an outbreak of terminal renal failure in Belgium (Chinese herbs

nephropathy). J. Altern. Complement. Med. 1998, 4, 9–13. [CrossRef]
53. Michl, J.; Ingrouille, M.J.; Simmonds, M.S.J.; Heinrich, M. Naturally occurring aristolochic acid analogues and their toxicities. Nat.

Prod. Rep. 2014, 31, 676–693. [CrossRef]
54. Nortier, J.L.; Martinez, M.-C.M.; Schmeiser, H.H.; Arlt, V.M.; Bieler, C.A.; Petein, M.; Depierreux, M.F.; De Pauw, L.; Abramowicz,

D.; Vereerstraeten, P.; et al. Urothelial Carcinoma Associated with the Use of a Chinese Herb (Aristolochia fangchi ). N. Engl. J. Med.
2000, 342, 1686–1692. [CrossRef]

55. Grollman, A.P.; Shibutani, S.; Moriya, M.; Miller, F.; Wu, L.; Moll, U.; Suzuki, N.; Fernandes, A.; Rosenquist, T.; Medverec, Z.; et al.
Aristolochic acid and the etiology of endemic (Balkan) nephropathy. Proc. Natl. Acad. Sci. USA 2007, 104, 12129–12134. [CrossRef]
[PubMed]

56. De Broe, M.E. On a nephrotoxic and carcinogenic slimming regimen. Am. J. Kidney Dis. 1999, 33, 1171–1173. [CrossRef]
57. Stiborová, M.; Frei, E.; Breuer, A.; Bieler, C.A.; Schmeiser, H.H. Aristolactam I a metabolite of aristolochic acid I upon activation

forms an adduct found in DNA of patients with chinese herbs nephropathy. Exp. Toxicol. Pathol. 1999, 51, 421–427. [CrossRef]
58. Sidorenko, V.S.; Yeo, J.E.; Bonala, R.R.; Johnson, F.; Schärer, O.D.; Grollman, A.P. Lack of recognition by global-genome nucleotide

excision repair accounts for the high mutagenicity and persistence of aristolactam-DNA adducts. Nucleic Acids Res. 2012, 40,
2494–2505. [CrossRef] [PubMed]

59. Zhang, Y.N.; Zhong, X.G.; Zheng, Z.P.; Hu, X.D.; Zuo, J.P.; Hu, L.H. Discovery and synthesis of new immunosuppressive alkaloids
from the stem of Fissistigma oldhamii (Hemsl.) Merr. Bioorg. Med. Chem. 2007, 15, 988–996. [CrossRef]

http://doi.org/10.1104/pp.109.1.1
http://www.ncbi.nlm.nih.gov/pubmed/12228578
http://doi.org/10.1046/j.1469-8137.2000.00781.x
http://doi.org/10.1101/gr.234807.118
http://doi.org/10.1016/j.aca.2020.06.049
http://doi.org/10.1111/j.1365-313X.2009.03912.x
http://doi.org/10.1105/tpc.13.1.11
http://www.ncbi.nlm.nih.gov/pubmed/11158526
http://doi.org/10.1038/s41598-018-26520-3
http://doi.org/10.1016/j.jep.2019.112057
http://doi.org/10.1021/acs.chemrestox.9b00180
http://www.ncbi.nlm.nih.gov/pubmed/31682104
http://doi.org/10.1007/s11306-019-1565-7
http://doi.org/10.1016/j.microc.2020.104742
http://doi.org/10.1016/j.foodres.2019.108584
http://www.ncbi.nlm.nih.gov/pubmed/31732022
http://doi.org/10.1016/j.phymed.2018.03.011
http://doi.org/10.1039/C4MB00414K
http://www.ncbi.nlm.nih.gov/pubmed/25382277
http://doi.org/10.1086/414097
http://doi.org/10.1080/10286020.2012.762641
http://doi.org/10.1016/j.foodchem.2010.08.011
http://doi.org/10.1089/acm.1998.4.1-9
http://doi.org/10.1039/c3np70114j
http://doi.org/10.1056/NEJM200006083422301
http://doi.org/10.1073/pnas.0701248104
http://www.ncbi.nlm.nih.gov/pubmed/17620607
http://doi.org/10.1016/S0272-6386(99)70159-9
http://doi.org/10.1016/S0940-2993(99)80033-5
http://doi.org/10.1093/nar/gkr1095
http://www.ncbi.nlm.nih.gov/pubmed/22121226
http://doi.org/10.1016/j.bmc.2006.10.034


Molecules 2021, 26, 960 18 of 18

60. Chia, Y.C.; Chang, F.R.; Teng, C.M.; Wu, Y.C. Aristolactams and dioxoaporphines from Fissistigma balansae and Fissistigma
oldhamii. J. Nat. Prod. 2000, 63, 1160–1163. [CrossRef]

61. Ge, Y.W.; Zhu, S.; Shang, M.Y.; Zang, X.Y.; Wang, X.; Bai, Y.J.; Li, L.; Komatsu, K.; Cai, S.Q. Aristololactams and aporphines from
the stems of Fissistigma oldhamii (Annonaceae). Phytochemistry 2013, 86, 201–207. [CrossRef]

62. Zhou, J.; Weber, R.J.M.; Allwood, J.W.; Mistrik, R.; Zhu, Z.; Ji, Z.; Chen, S.; Dunn, W.B.; He, S.; Viant, M.R. HAMMER: Automated
operation of mass frontier to construct in silico mass spectral fragmentation libraries. Bioinformatics 2014, 30, 581–583. [CrossRef]
[PubMed]

63. Zhang, Y.; Pan, Z.; Rong, C.; Shao, Y.; Wang, Y.; Yu, K. Transformation of antibacterial agent roxithromycin in sodium hypochlorite
disinfection process of different water matrices. Sep. Purif. Technol. 2019, 212, 528–535. [CrossRef]

64. Changfu, X.; Cunheng, H.; Guanghong, B.; Shantian, M. Crystallography of Fissistigine C. Acta Acad. Med. Sin. 1985, 3, 187–190.

http://doi.org/10.1021/np000063v
http://doi.org/10.1016/j.phytochem.2012.09.011
http://doi.org/10.1093/bioinformatics/btt711
http://www.ncbi.nlm.nih.gov/pubmed/24336413
http://doi.org/10.1016/j.seppur.2018.11.061

	Introduction 
	Results and Discussion 
	Optimization of UPLC Q-Exactive Orbitrap MS 
	Total Ion Chromatogram Comparison and Qualitative Analysis of FO Parts 
	Different Components among FO Parts Screened by XCMS 
	Multivariate Statistical Analysis and Comparison 
	Semi-Quantitative Analysis 
	Aristolactams Differences 
	Identification and Component Pyrolysis Based on MS Fragmentater 
	Method Validation 

	Materials and Methods 
	Reagents and Materials 
	Preparation of Standard and Sample Solution 
	UHPLC and MS/MS Conditions 
	Data Processing and Analysis 

	Conclusions 
	References

