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Selection of chemical markers for identification of different species
of Juniperri Caulis et Folium based on UPLC-Q-TOF-MS/MS
metabonomics technology
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Abstract: In this study, untargeted metabolomics technology based on ultra-high-performance liquid chroma-
tography-quadrupole/time of flight mass spectrometry (UPLC-Q-TOF-MS/MS) was used to analyze and identify
the overall chemical components of Juniperri Caulis et Folium. Chemical markers for the identification of different
Juniperri Caulis et Folium species were screened by integrated principal component analysis and partial least
squares discriminant analysis. A total of 58 chemical components were detected and 46 of them were identified,
including 26 flavonoids, 8 organic acids and their derivatives, 4 phenylpropanoids, 3 terpenoids, and 5 other
components. Among them, methylsyringin and ekersenin were identified for the first time. In the positive ion
mode, 12 markers were screened, and in the negative ion mode, 13 markers were screened for species identifica-
tion. In summary, UPLC-Q-TOF-MS/MS metabonomics technology combined with chemometrics method can
effectively reveal the chemical composition differences of different Juniperri Caulis et Folium species, and provide
reference for its species identification and quality control.
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Samples information of Juniperri Caulis et Folium. SC: SiChuan Province; Tibet Aut. Pre.: Tibetan Autonomous Prefecture; QH:

QingHai Province; YN: YunNan Province; TCM: Traditional Chinese Medicine; Tibet Aut. Reg.: Tibet Autonomous Region

L. . Collection
No. Origin Location .
time
QL-01  J. przewalskii Shuangqiaogou, Dawei Township, Xiaojin County, Aba Tibetan and Qiang Autonomous 2019.07.03
Prefecture, SC

QL-02  J. przewalskii Zeku County, Huangnan Tibet Aut. Pre., QH 2020.07.17
QL-03  J. Przewalskii Xiongrang Village, Zeku County, Huangnan Tibet Aut. Pre., QH 2020.07.17
QL-04  J. przewalskii Tibetan Medical Hospital of Golog Tibet Aut. Pre., QH 2020.07.31
QL-05  J. przewalskii Lajia Town, Maqin County, Golog Tibet Aut. Pre., QH 2020.07.30
QL-06  J. przewalskii Xiangda Town, Nangqian County, Yushu Tibet Aut. Pre., QH 2020.08.03
QL-07  J. przewalskii Maixiu Town, Zeku County, Huangnan Tibet Aut. Pre., QH 2020.08.22
QL-08  J. przewalskii Maixiu Town Longcanggou, Zeku County, Huangnan Tibet Aut. Pre., QH 2020.08.22
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. . Collection
No. Origin Location .
time

XB-01  J. pingii var. wilsonii ~ Dege County, Ganzi Tibet Aut. Pre., SC 2019.07.24
XB-02  J. pingii var. wilsonii ~ Jiaduo Village, Ganzi County, Ganzi Tibet Aut. Pre., SC 2019.06.27
XB-03  J. pingii var. wilsonii ~ China Tibet Hospital, Derong County, Ganzi Tibet Aut. Pre., SC 2019.06.27
XB-04  J. pingii var. wilsonii ~ Tibetan Hospital of Ganzi Tibet Aut. Pre., SC 2019.07.22
XB-05  J. pingii var. wilsonii ~ TCM Market of Chengdu International Trade City, SC (No. 6-1-1158) 2020.06.25
XB-06  J. pingii var. wilsonii ~ TCM Market of Chengdu International Trade City, SC (No. 6-1-0725) 2020.07.22
XB-07  J. pingii var. wilsonii ~ TCM Market of Chengdu International Trade City, SC (No. 6-1-1158) 2020.07.22
XB-08  J. pingii var. wilsonii ~ Lhasa Agricultural Product Quality Supervision, Inspection and Testing Center, Tibet Aut. Reg. ~ 2020.07.12
XB-09  J. pingii var. wilsonii  Affiliated Hospital of Tibet Medical University, Tibet Aut. Reg. 2020.07.22
XB-10  J. pingii var. wilsonii  International Tibetan TCM Trading City, Tibet Aut. Reg. 2020.07.22
XB-11  J. pingii var. wilsonii ~ Tibetan Medical Hospital of Golog Tibet Aut. Pre., QH 2020.07.31
XB-12  J. pingii var. wilsonii ~ Tibetan Hospital of Chengduo County, Yushu Tibet Aut. Pre., QH 2020.08.02
XB-13  J. pingii var. wilsonii ~ Kangding Airport, Ganzi Tibet Aut. Pre., SC 2020.08.08
XB-14  J. pingii var. wilsonii ~ Kangding Airport, Ganzi Tibet Aut. Pre., SC 2020.08.08
XB-15  J. pingii var. wilsonii ~ Baima Snow Mountain, Deqin County, YN 2020.08.13
XB-16  J. pingii var. wilsonii The Second Pass of Baima Snow Mountain, Deqin County, YN 2020.08.14
XB-17  J. pingii var. wilsonii ~ Sangri County, Lashannan City, Tibet Aut. Reg. 2020.08.15
XB-18  J. pingii var. wilsonii ~ Near Gabila, Kangding City, Ganzi Tibet Aut. Pre., SC 2020.08.18
XB-19  J. pingii var. wilsonii ~ Mangkang County, Changdu, Tibet Aut. Reg. 2020.08.16
DZ-01  J.indica Dege County, Ganzi Tibet Aut. Pre., SC 2019.07.23
DZ-02  J.indica Tu'er Mountain Foot, Litang County, Ganzi Tibet Aut. Pre., SC 2019.09.28
DZ-03  J.indica International Tibetan TCM Trading City, Tibet Aut. Reg. 2019.08.01
DZ-04  J.indica International Tibetan TCM Trading City, Tibet Aut. Reg. 2020.06.21
DZ-05 J.indica Northern Grassland Medicinal Materials Development Co., Ltd of Tibet Aut. Reg. 2020.06.26
DZ-06  J.indica Rui Junfang Biotechnology Development Co., Ltd of Tibet Aut. Reg. 2020.06.25
Dz-07  J.indica Tibetan Hospital of Lingzhi City, Tibet Aut. Reg. 2020.07.16
DZ-08  J.indica Zheduoshan, Kangding City, Ganzi Tibet Aut. Pre., SC 2020.07.01
DZ-09  J.indica Sejila Mountain, Linzhi City, Tibet Aut. Reg. 2020.07.01
DZ-10  J. indica Shannan City, Tibet Aut. Reg. 2020.08.05
DZ-11  J. indica Kongse Township, Daofu County, Ganzi Tibet Aut. Pre., SC 2020.08.06
DZ-12  J.indica Yangxi Road, Heqing County, Dali City, YN 2020.08.06
DZ-13  J.indica Derong Sino Tibetan Hospital, Ganzi Tibet Aut. Pre., SC 2020.08.07
DZ-14  J. indica Baima Snow Mountain, Deqin County, Diqing Tibet Aut. Pre., YN 2020.08.11
DZ-15  J. indica Dalanggu Village, Xiangcheng County, Ganzi Tibet Aut. Pre., SC 2020.08.15
DZ-16  J.indica Tiegohe, Litang County, Ganzi Tibet Aut. Pre., SC 2020.08.13
DZ-17  J.indica Shengping Town, Deqin County, Diging Tibet Aut. Pre., YN 2020.08.17
DZ-18  J.indica Rui Junfang Biotechnology Development Co., Ltd of Tibet Aut. Reg. 2020.08.16
DZ-19  J.indica Lulang Town, Linzhi County, Linzhi City, Tibet Aut. Reg. 2020.08.25
GS-01  J. squamata Guinan County, Hainan Tibet Aut. Pre., QH 2019.09.28
GS-02  J. squamata Tibetan Hospital, Dege County, Ganzi Tibet Aut. Pre., SC 2019.07.24
GS-03  J. squamata Huzhu Tu Autonomous County, Haidong City, QH 2019.09.28
GS-04  J. squamata Tibetan Hospital, Huangzhong District, Xining City, QH 2019.09.27
GS-05  J. squamata TCM Market of Chengdu International Trade City, SC (No. 6-1-1158) 2020.07.16
GS-06  J. squamata Tibetan Hospital, Qinghai Province 2020.07.17
GS-07  J. squamata Tibetan Hospital of Hainan Tibet Aut. Pre., QH 2020.07.17
GS-08  J. squamata Tibetan Hospital of Zeku County, Qinghai Province 2020.07.17
GS-09  J. squamata Medicinal Materials Market of Qinghai Sanzhi Trading Co., Ltd, QH 2020.07.17
GS-10  J. squamata Zheduoshan, Kangding City, SC 2020.07.16
GS-11  J. squamata Shannan City, Tibet Aut. Reg. 2020.08.05
GS-12  J. squamata Tibetan Hospital of Nangqian County, Yushu Tibet Aut. Pre., QH 2020.08.03
GS-13  J. squamata Xiazha Town, Shiqu County, Ganzi Tibet Aut. Pre., SC 2020.08.06
GS-14  J. squamata Baima Snow Mountain, Deqin County, YN 2020.08.13
GS-15  J. squamata Litang County, Ganzi Tibet Aut. Pre., SC 2020.08.17
DG-01  J. tibetica Tibetan Medicine Factory of Naqu City, Tibet Aut. Reg. 2019.08.01
DG-02  J. tibetica TCM Market of Chengdu International Trade City, SC (No. 6-1-0725) 2020.06.27
DG-03  J. tibetica Tibetan Hospital of Chengduo County, Yushu Tibet Aut. Pre., QH 2020.08.02
DG-04  J. tibetica Shannan Xueyuan Medicinal Materials Co., Ltd, Tibet Aut. Reg. 2020.08.05
DG-05  J. tibetica Tibetan Medicine Co., Ltd. of Tibet Tibetan Medical College, Tibet Aut. Reg. 2020.08.17
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Figure 1 The base peak ion (BPI) current of Juniperri Caulis et Folium by UPLC-Q-TOF-MS/MS at positive (A) and negative (B) ion

modes. Figure 1 corresponds to the peak labels in Table 2



1884 - 25% %4k Acta Pharmaceutica Sinica 2023, 58(7): 1880-1893

Table 2 MS/MS information of the major constituents in Juniperri Caulis et Folium. ‘Represents the compound identified by comparison

of reference substances

Measured mass

t Molecular Theoretical Measured mass

No. R M-+H]"/ MS/MS (m/ C d Ref.
© /min  formula  mass (m/z) [ N ] [M-H] (ppm) (m/2) ompoutt ¢
[M+Na] (ppm)
1 0.62 CH,O, 192.063 4 / 191.055 4 (-1.0) 173.044 9 [M—H,0] (-0.6); Auinic acid
127.039 5 [M-H,0-CO,] (1.6)
2 0.68 CH,O 180.063 4 / 179.055 4 (-1.1) 161.044 6 [M-H-H,0] (-2.5) Fructose
3 093 CH NO, 181.0739 182.0817(0.5) 180.066 1 (-3.3) 163.044 6 [M-NO,] (-2.5); L-Tyrosine

136.076 3 [M+H-H,0-CO]" (0.7)

4 095 C, HN,O

1077137 '54

267.096 8 268.104 9 (1.1) / 136.072 2 [M+H-C,H,0,]" (0.0); Adenosine 9]
119.049 7 [M+H-NH,~C,H,0,]"(0.8);
94.040 7 [M+H-C,H,0,-NH,CN]" (2.1)

5 121 CHO;, 170.0215 171.029 6 (1.8) 169.013 2 (-3.0) 125.023 6 [M—COOH] (-2.4); Gallic acid
127.039 7 [M+H-COO]’ (1.6);
79.018 0 [C,H,0] (2.5)
6 131 C,H,0, 3421162 / 341.108 4 (=3.6) 179.049 7 [M—H-glc] (-1.1); Sucrose
161.044 6 [M~H-glc-H,0] (-2.5);
119.034 4 [C,H,0,] (-1.7)
7 136 C,H O, 276.0845 299.074 8 (1.7) 275.076 8 (0.4) / Unknown
8 151 CHO, 138.031 7 / 137.023 6 (=2.2) 93.033 7 [M-H-CO,] (-3.2) Salicylic acid
9 193 C,H,0,, 594.1373 595.1457(0.8) 593.1284 (-1.9) 441.080 8 [M-glc] (0.5); Gallocatechin-(4a—  [10]
423.070 8 [M—glc-H,0] (0.7); 8)-catechin or
305.065 3 [C,;H,,0,] (-0.3); catechin-(4a—8)-
283.024 3 [C,;H,0,] (0.7); gallocatechin
255.028 7 [C,H,O.] (1.2)
10 233 CHO, 154.026 0 / 153.018 9 (0.7)  109.028 7 [M—COOH] (-2.8) Protocatechuic acid ~ [11]
11 248 C,HO, 354.0951 377.0849(2.2) 353.0879(0.6) 191.0558 [M-H-C;H,O,] (1.0); Chlorogenic acid [12]

173.044 9 [M~H-C,H,0,-H,0] (~0.6);
161.023 2 [M-H-C,H,,0,] (-4.3);
135.044 4 [M-H-C,H,,0,-CO] (-1.5);
109.028 5 [M-H-C,H,,0,-CO-C,H,]
(~4.6)

12 252 C,H,O

307726713

594.1373 595.1451(-0.2) 593.1302 (1.2) 441.082 4 [M-H-glc] (0.5); Gallocatechin-(4a—
423.071 9 [M—gle-H,0] (0.7); 8)-catechin or
305.066 0 [C;H,,0,] (-0.3); catechin-(40—8)-
283.024 5 [C,;H,0O,] (0.7); gallocatechin
255.029 6 [C,H,O,] (1.2)

13 297 C,H,0, 290.0790 291.0875(2.1) 289.0708 (~1.4) 579.149 8 [2M+H]" (~0.9); Epicatechin [13]
577.133 7 2M-H] (~1.6);
245.080 7 [M-H-CO,] (~2.9);
229.050 1 [M-H-H,0-C,H,0] (3.4);
203.070 0 [M-H-H,0-C,0,] (-3.9);
187.038 8 [M-H-CO,-C,H,0] (-3.7);
179.033 8 [M-H-C,H,0,] (-3.4);
161.023 1 [M-H-CO,-2C,H,0] (5.0);
137.024 0 [M-H-C,H,0,] (~1.4);
123.044 6 [M-H-C,H,0,] (0.0)

14 463 C,H,0,, 5785200 579.1514(1.9) 577.1344(=0.3) 427.103 7 [M+H-C,H,0,]" (1.9); Proanthocyanidin Bl [14]
409.093 0 [M+H-C,H,0,-H,0]" (1.7);
407.076 4 [M-H-C,H,0,-H,0] (-0.7);
291.087 1 [M+H-C,H,0,-C,H,0,]" (0.7);
289.072 0 [M+H-C,,;H,,0,]" (2.8)

15 493 C,H,0, 164.0473  / 163.038 9 (=3.7) 147.044 1 [M-H-H,0] (-3.4); p-Hydroxycinnamic
119.049 7 [M-H-CH,0,] (0.0) acid
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Ix

/min  formula

Molecular Theoretical

mass (m/z)

Measured mass
. Measured mass
[M+H]"/

[M-+Na] (ppm) [M-H]" (ppm)

MS/MS (m/z)

Compound

Ref.

16

18

20

531 C,H,,0,

6.55 C, H, O

307726 12

8.44 C,H,O

21772211

9.75 C,H,,O

20071811

10.07 C,H,0,

290.079 0 291.087 6 (2.1)

578.520 0

450.116 2 451.124 4 (0.9)

434.084 9

180.042 6

289.071 0 (=0.7)

579.159 1 (-0.3) 577.134 2 (=0.7)

449.108 5 (0.2)

/ 433.077 1 (-1.4)

/ 179.034 7 (1.7)

245.044 8 [M-H,0-C,H,] (-0.8);
227.070 9 [M-H-CO,-H,0] (0.4);
203.070 8 [M-H-C,H,0,]"(0.0);
205.049 9 [M-H-C,H,0,] (~1.0);
179.034 2 [M-H-C,H,0,] (-1.1);
151.039 3 [C,H,0,]" (-1.3);
139.039 3 [C,H,0,]" (~1.4);
137.032 6 [C,H,0,] (-2.2);
125.023 7 [C,H,0,] (~1.6);
109.028 7 [C,H,0,] (-2.8)

427.1029 [M+H-C,H,0,] (0.5);
409.091 9 [M+H-C,H,0,-H,0]" (-1.0);
407.1414 [M-H-C,H,0,~H,0] (0.7);
291.087 I [M+H-CH,0,-C,H,0,]' (0.7);
289.071 4 [M+H-C H,,0,] (0.7)
287.054 6 [M—-H-glc]” (-3.5);

289.071 1 [M+H-glc]™ (-0.3);

259.059 7 [M-H-gle-H,0] (-3.5);
151.002 7 [M-H-gle~C,H,0,] (-2.6);
107.013 3 [M-H-gle-C,H,0,-CO-OH]"
(1.9);

125.023 7 [M-H-gle-C.H,0,] (-1.6)
867.161 8 [2M-H] (-0.2);

301.034 8 [C,.H,0,] (0.0)

161.023 8 [M~H-H,0] (-0.6)

Catechin

Proanthocyanidin B

Eriodictyol-7-O-
glucoside

Quercetin-3-0--D-
glucopyranoside
Caffeic acid

[15]

[16]

[17]

[18]

21 Unknown
22
23
24
25

26

10.11
11.6

12.13
13.83
15.61
15.78

C,H.O

977673
CIGHZGOS
C,H,0,,

247732

C,H,,0

2577347712

C,H

25 32010

C,H,0,

217720

162.031 7
346.162 8
496.194 5
526.2050
492.199 5
464.095 5

163.039 7 (1.2) 161.023 4 (-3.1) /

369.1529 (1.1) 345.1548 (-0.3) /

519.184 0 (-0.4) 495.184 2 (-3.6) /

549.194 5 (-0.5) 525.1982(1.9) /

515.188 5 (-1.6) 491.1925(1.6) /

465.1042 (1.9)  463.087 4 (-0.6) 303.050 5 [M+H-glc]" (-4.0);

301.034 8 [M—H-glc] (3.2);

271.023 6 [C,H,O(] (-2.6);

257.094 6 [M+H-glc-CH,0,]" (1.6);
255.065 1 [M+H-gle-CH,0,] (-2.4)
929.194 6 [2M+H]"(0.0);

927.183 2 [2M-H] (0.1);

301.034 3 [M-H-glc] (1.7);

303.050 7 [M+H-glc] (0.7);

151.003 0 [C,H,0,]"(3.3)

465.104 1 [M+H-CH,,0,1" (1.7);
463.087 8 [M-H-CH, 0,1 (0.2);
301.034 1 [M—H-rutinose] (=2.3);
303.051 2 [M+H-rutinose]" (2.3);
271.024 3 [M—H-rutinose—CO](0.0);
257.044 9 [M+H-rutinose-CO,]" (-0.4);
255.029 0 [M—H-rutinose~CO,] (-1.2);
151.039 2 [M-H-rutinose-C;H,0,~CO]"
(-2.0)

Unknown
Unknown
Unknown
Unknown
Hyperoside

27 16.98 C,H, 0 464.0955 465.1043 (2.2) 463.087 6 (-0.2) Hypolaetin-7-O-4-D-

glucopyranoside”

12

28 17.05 C,H,0, 6105175 611.1620(1.2) 609.145 3 (=0.5) Rutinum [19]

29 Unknown

30

17.10 C,H,0,,
17.67 C,H,,0

260734711

450.079 8 451.087 9 (0.4)
5222101 545.199 6 (-0.6) 521.202 & (1.0)

449.072 5 (1.1) /
545.199 6 [M+Na]" (-0.6);
521.202 8 [M-H] (1.0)

Isolarisiresinol-2a-
O-p-D-glucoside or
isolarisiresinol-3a-
O-f-D-glucoside,
isomer 1

[20]
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Continued
X Measured mass
tx ~ Molecular Theoretical N Measured mass
No. ) [M+H]"/ _ MS/MS (m/z) Compound Ref.
/min  formula  mass (m/z) N [M-H] (ppm)
[M+Na]’ (ppm)
31 17.86 C,H,,0, 5222101 5452006 (1.3) 521.201 7 (-1.2) 545.199 6 [M+Na]' (-0.6); Isolarisiresinol-2a-
521.202 8 [M-H] (1.0) O-f-D-glucoside or
isolarisiresinol-3a-
O-f-D-glucoside,
isomer 2
32 1798 CH,0, 386.1577 409.1475(0.0) 385.1509(2.6) 207.101 7 [M+H-glc-H,0] (~1.9) Methylsyringin” [21,22]
33 19.01 C,H,0,, 464.0955 465.1037(0.9) 463.0887(2.2) 303.0504 [M+H-glc] [-0.3]; Quercetin-3-0--D-  [23]
301.034 2 [M-H-glc] (2.0); lucopyranoside
25 7.0450 [M+H-glc—CH,0,]" (0.0)
34 2080 C,H, O,  448.1006 449.1093 (2.0) 447.0965 (1.8) 895.193 8 [2M-H] (0.6); Quercitrin” [24]
303.051 2 [M+H-rha]" (2.3);
301.033 8 [M—H-rha] (-3.3);
271.023 9 [M—H-rtha-H-CO] (-1.5);
255.029 1 [M—H-rha-CO-OH] (-0.8);
229.052 7 [C,,H,,0,] (0.9);
151.002 2 [M-H-rha-C,HO,] (-2.6);
109.029 4 [C,H,0,]"(0.9)
35 21.04 C,H O,  434.0849 435.0928(0.2) 433.0776(1.2) 867.1609 [2M-H] (1.0); Hypolaetin-7-O- [25]
303.051 1 [M+H-Xyl]" (2.0); p-D-xylopyranoside”
301.034 1 [M-H-Xyl] (-1.7);
135.044 3 [C,H,O,] (-2.2);
316.947 6 [M—H-glc] (0.0);
261.133 8 [M—H-glc-2CO] (0.0)
36 22.77 C,H,0O, 362.1729 385.1627(0.0) 361.163 3 (=5.0) / Unknown
37 23.02 C,H, 0,  448.1006 449.1087(0.7) 447.0927(0.0) 287.0557 [M+H-glc] (0.3); Cynaroside [26]
285.039 9 [M—H-glc] (0.0);
151.003 1 [C,H,0,] (0.0);
153.018 8 [C,H,0,]"(0.0)
38 2426 C H, O, 286.0477 287.056 0 (1.4) 285.039 7 (-0.7) 241.050 6 [M-CO,] (2.1); Luteolin [26]
153.018 8 [M+H-C,H,0,]"(0.0);
151.039 0 [M-H-C,H,O,] (-3.3);
133.028 4 [M-H-C . H,0,] (-4.5)
39 2473 C,H,O0, 7402164 / 739.205 0 (-4.9) 593.145 7 [M-H-C H,,0,] (1.5); Robinin [27]
431.092 4 [M-H-C,H,,0,] (1.2);
285.040 1 [M-H-CH,,0,~C ,H,,0,] (0.7)
40 26.64 C,H, O, 700.1428 701.1509(0.4) 699.1352(0.3) 539.098 2 [M+H-162 (hexose unit)]" (0.7); Cupressuflavone [28]
537.083 0 [M-H-162 (hexose unit)] (1.5) 4'-0-p-D-
glucopyranosides
41 29.01 CH,O; 270.0528 271.060 5 (-0.4) 269.044 7 (-1.1) 225.056 0 [M-H-CO,] (3.6); Apigenin [29]
183.044 8 [M-H-H,0-C,0,] (1.1);
201.163 8 [M~H-C,0,] (-2.5);
213.055 0 [M—H-CO-CO] (-0.9);
241.048 9 [M-H-CO] (-5.0)
42 2937 C,H,,0,; 700.1428 701.1506 (0.0) 699.133 4 (-2.3) / Unknown
43 2999 C, H, O, 190.063 0 213.052 8 (0.0); / 213.052 8 [M+Na]" (0.0); Ekersenin” [30]
191.070 7 (-0.5) 191.070 7 [M+H]" (-0.5)
44 3136 C,H 0, 538.0900 539.0974(-0.7) 537.0836 (2.6) 1075.1722 [2M-H] (3.1); Cupressuflavone” [31]

377.066 3 [M+H-C,H,0,]" (0.5);
375.050 5 [M~H-C,H,0,] (0.0);
121.029 0 [C,H,0,]" (0.0)
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Continued

Ix

/min

Molecular Theoretical

formula

mass (m/z)

Measured mass
[M+H]"/
[M+Na]" (ppm)

Measured mass
[M-H] (ppm)

MS/MS (m/z)

Compound

Ref.

45 3283 C,H

30 ISOIO

46 3433 C,H

47
48

49

50

51

52
53

54

55

56

35.72
39.61

41.95

43.17

44.20

46.67
47.47

52.99

55.68

59.85

30 18010

C,H,,0

30772010

C,H,0

31772010

C,H,0

317720710

C,H,O

30771810

C,,H,,0

3475

C,H,O

35776076

C,H,0

32772210

C,,H,0

2077282

C,,H,.0

207726 74

C,H,,0,

207730

538.090 0

539.098 3 (0.9)

537.0829 (1.3)

538.0900 539.097 6 (-0.4) 537.0822(0.0)

540.105 6
552.484 5

552.105 6

538.090 0

378.240 6

576.439 0
566.121 3

300.208 9

330.183 1

302.224 6

541.113 5 (0.0)
553.114 1 (1.1)

553.114 1 (1.1)

539.097 6 (-0.6)

401.230 4(0.0)

577.446 8 (0.0)
567.130 1 (1.8)

301.218 0 (4.0)

331.190 3 (~1.8)

303.232 6 (0.7)

539.095 8 (2.8)
551.098 6 (1.5)

551.097 4 (=0.7)

537.081 8 (-0.7)

377.231 7(=2.9)

/
565.114 7 (2.1)

299.200 3 (=3.0)

329.172 9 (0.0)

301.217 1 (1.0)

1075.176 5 [2M-H] (0.8);

1077.190 2 [2M+H] " (0.0);

521.087 7 [M+H-H,0]’ (0.8);

497.087 8 [M+H-C,H,0]" (1.0);
403.045 8 [M+H-C,H,0-H,0]" (1.0);
379.045 8 [M+H-C,H,0-C,H,0]" (1.1);
377.066 5 [M+H-C,H,0,] (1.1);
311.055 9 [M+H-C,H,0-C,0,]" (1.0);
283.060 6 [M+H-C,H,0-C,0,-CO]"(0.0);
121.029 0 [C,H,0,] (0.0)

521.087 4 [M+H-H,0]" (0.2);

413.068 8 [M+H-C,H,0,] (-1.9);
403.045 7 [M+H-C,H,0-H,07 (0.7);
387.087 0 [M+H-C,H,0,]" (0.3);
375.050 2 [M+H-C,H,0-H,0-COJ"
(=0.8);

283.060 7 [M+H-C,,H,0,]  (0.4);
153.018 7 [C,H,0,]" (-0.7);

121.028 9 [C,H,0,] (-0.8)

/

421.055 9 [M+H-C,H,0]" (-0.2);
403.045 7 [M+H-C,H,0-H,0] (0.7);
377.069 2 [M+H-C,H,0,]  (-1.1);
375.054 0 [M-H-C H,0,] (0.3);
135.044 1 [CH,0,]" (-3.7)

1105.222 2 [2M+H]" (2.8);

1103.205 7 [2M-H] " (2.0);

403.046 0 [M+H-C,H,O-CH,OH]' (1.5);
390.978 5 [M+H-C,H,0,] (2.6);
153.018 4 [C,H,0,] (-2.6)

387.087 0 [M+H-C.,H,0,]"(0.3);
287.237 4 [M+H-C,H,0,]' (-0.3);
285.221 3 [M-H-C H,0,] (-1.8);
269.191 1 [M+H-C H,0,]" (2.2);
257.047 9 [M+H-C,H,0,-COJ" (-2.3);
243.065 5 [M+H-C,;H,0,-CO]" (-0.8);
153.018 7 [C,H,0,]  (-0.7);

121.028 9 [C,H,0,]' (-0.8)

/

577.446 8 [M+H]' (0.0)

435.071 1 [M+H-C,H,0]' (-1.1);
417.061 2 [M+H-C,H,0-H,0]" (0.5);
391.081 6 [M+H-C,,H,0,]" (-0.5);
389.066 1 [M~H-C,,H,0,] (0.0);
167.128 6 [C;H,0,]" (~1.8);

135.044 3 [C,H,0,]" (-2.2)

241.159 3 [M+H-C,H,~C,H,]" (0.4);
213.127 8 [M+H-C,H,~C,H,~CO]" (0.5)
331.190 3 [M+H]' (-1.8);

329.172 9 [M-H] (0.0)

257.226 6 [M-COOH]" (1.2);

149.132 8 [M-~COOH-C,H,(CH,),]"
(-1.3%

123.117 2 [M+H-COOH-C,H,CH,CH
(CH,),]"(1.6)

Amentoflavone”

Robustaflavone

Unknown

Podocarpusflavone

*

A

4'-Methoxy
robustaflavone

L .
Hinokiflavone

Unknown

f-Daucosterol
Putraflavone B

Sugiol

Carnosol

Abietic acid

[32]

[32]

[32]

[31,32]

[32]

[33]
[34]

[35]

[36]

[37]
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Continued
X Measured mass
tx ~ Molecular Theoretical N Measured mass
. ) [M+H]"/ _ MS/MS (m/z) Compound Ref.
/min  formula  mass (m/z) N [M-H] (ppm)
[M+Na]" (ppm)
57 62.38 C,,H, O 414.3862 415.394 0 (0.0) / 397.383 4 [M-OH]" (3.5); [-Sitosterol [38]
161.133 0 [M-OH-C,H,,]" (2.1);
109.181 7 [M-OH-C,H,,~C,H,]"(1.2);
81.070 4 [C,H,]"(1.5)
58 63.19 C,H, O 300.208 9 323.198 6 (=0.3) 299.200 8 (-1.0) / Unknown

e R R [ B YA S/ A i o 1R N
Cy,H 0, [Fl 73 S M AR R AL AZ XU BC I (1h 54 45) % U
W38 SUH I (1621 46) Jm A R B (k4 50)
o, HARMRRITN .

&Y 45, HoiE 4 + 5 16N m/z 539.098 3 [M+
H]', 537.082 9 [M-H] « MS*H II 317 1/3 C IR 4E
JAFHERE R BT m/z 419.076 6 [M+H-C,H,0] & %
H,0 *E BURRAE#E 7 B T m/z 403.045 8 [M+H-C,H,0-
H,0]", 5 2k % CO, 4 W FF E#E 7 BS -+ m/z 377.066 5
[M+H-C,H,0,]"; 11 ¥t 0/4 C ¥ Wi 2224 s 45 1E 05 5 9
T 377.066 5 [M+H-C,H,0,]", & & SCHR2 3¢ 3 iof
MassLynx v 4.1 Elemental Composition I} & 1t % XN
CoH 4O, 2005 B i LU X 25 5 14K & W R BB AEAZ WL
B (amentoflavone), Z4 i 12 U1 1& 2,

HO. O O‘ ~% HO. O o)
CO

OH O OH

m/z 387.084 6 m/z 269.044 4
OH 11/2421.0559
>
3 @

OH

CO

HO o}

m/z 121.028 9

m/z 377.066 5
m/z497.088 0

Figure 2 Fragmentation pathway of amentoflavone

B 46, HAME T BTN m/z 539.097 6 [M+H],
537.082 2 [M-H] - MS*H1 I 351 1/3 C 3R W7 2448 ks
TERE A 55T m/z 387.087 2 [M+H-C,H,0,]"; 1 ¥, 1/4 C
I AL BCRFAE B 5 1 413.068 8 [M+H-C(H,0,]",
g5 4 SCERTS 3R i MassLynx v 4.1 Elemental Com-
position il & 62 38 C, H O, ,, HEMZAL A YN 2
i B XU (robustaflavone).

&M 50, HAE7r B 706N m/z 539.097 6 [M+
HJ", 537.081 8 [M—~H] » MS*H1 C-O W7 24 4= sl FFAIE i
F BT m/z 287.237 4 [M+H-C,,H,0,]", 269.191 1 [M+
H-C,.H,0.]", 243.065 5 [M+H-C,,H,0,-CO]". &#& X
BRU75234 3% 3 i . MassLynx v 4.1 Elemental Composi-
tion 8L & 1k 22 XN C, H 0, 2% B8 il X6 %6 52 1% 4k
EWN R (hinokiflavone).

0,2 379.045 8

-H,0 or -CH,0OH

OH OH
OHm/Z 403.045 8 m/z 375.051 1 m/z 347.055 8

OH
m/z 335.056 0

m/z 307.060 8
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1.2 BHEEERS AHRERS TH4HWTSHR
% (-COOH) HIfb&9n, H B AT 1R 58 1) P A AL  PL B Y
KA M AE S 25 AR DY, A LR S 2R A
— W2 5 E R COH,0.C,H, % — R4 R L[], A
AR B8 HE € 8 M HLEREAL &, AR E IR (L&
W) R, HAE Sy 1 B U m/z 353.087 9 [M-H] ,
MS? & 7 H 4 RES 43 o ME B m/z 161.023 2 [M-H-
C.H,0,] M 2 5 & m/z 191.055 8 [M-H-C,H,0,]
A BT, J5E % COH,0.C,H, % — R 51 i itk 3 4] E
JRRFAE B R 88 F m/z 173.044 9 [M-H-C,H,0,-H,0] +
135.044 4 [M-H-C,H,,0,~CO] . 109.028 5 [M-H-
C,H,,0,-CO-C,H,] % . &5& k"™ Jf i@ i UNIFI
1.8 (Waters, 3% [E) %4 /2 UT fic BA &% MassLynx v 4.1
Elemental Composition #l & 14 %% Xk C, H,,0,, HEM1%
ARG, RfRiErmE 3.

1.3 ERRERST FHRL EHCCEMHATT
F I — A AE Y, IR TP HEE 4 2R R 2B
5y S VE M RA IR K -3a-O-p-D-F % B s [H] 43 7 p
A (G0 30.31) DL 2 AN B U4 1R B A P 4
12K TH & 2 Al 43 methylsyringin (1454 32). ekersenin
(1L &% 43), LL methylsyringin (16 &40 32) J ), Hoifk
4% T B T8 g m/z 385.150 9 [M—H] ", MS> 1 Jii, 2= % &
BE S — 43 1 7K A ORI RE | B8 1 m/z 207.101 7 [M+
H-glc-H,0]", 454 SCHRP 318 it MassLynx v 4.1 Ele-
mental Composition il & 1k % Xl C, H,,0,, £} [ i
EE X 4 58 1% A6 A& W) 8 methylsyringin.

1.4 BEERRS  WRNMEMRIBAERR T, 5T
N5 I A B A ) B AT AR B R RREY, R A
VI AIE S, B A B EEMER . HET,
[ AT R 4 5 3 AN FERAY: -1 5 B (P54 52)
MIAZ I (L& 90 54) REH B (L& 55). PAB-73 i
BE (1 A0 52) R, HHe o1 B U5 H m/z 415.394 0
[M+H]", MS’ H C,-OH ¥2 % 5 It 7K 42 il m/z 397.383 4
[M-H,O+H] IR E W v 8, ik — B CH 5 RAER
fift, ZE il m/z 148.124 1.161.133 0545 MERE A B T 45
A SR I 38 i MassLynx v 4.1 Elemental Composi-
tion L& 4k 22 30N C,, H,, 0, HEMZ AL &1 M p-45 K5 I

1.5 Heps BT EEE AN R HAT 4.
RN R RAGERAA ), AT FIE % R (L&
Y2) ERE (LAY 6) L- 2 & (th &4 3) IR 1F (th &
Y4y Fl g N (b EWST). DUIRE (b &4) R
o], HE T R R, kS 7 B T8 m/z 268.104 9
[M+H]", MS® it N-W5 88 5 24, hiE R R 190 T
W (CH, 0, m/z 132), 4 B m/z 136.072 2 [M+H-
C,H, O, I IR R We Bk 55 25 -, 4% 201 3, M 5 2 NH,
HCN %5, £ i m/z 119.049 7.94.040 7 [ 45 1E 7 Fr 55
Fo GEACHRYIFIE I UNIFI 1.8 (Waters, 35 [F) 4
J& UL IE BA & MassLynx v 4.1 Elemental Composition i\
G2 ARN €, H N, HEMZ AL AW N IR -
2 ETRNARINARTEEFEEBAMULERS
=5

CLTi AL R 1 BT A AL A YD Ve AR (IEBS - 16 3844
EDEF 16 842 MEEH)) ¥EhR, FIFH SIMCA-P
14.1 B A HEAT PCA F1 PLS-DA E#E [ AR 8 20 22 50 #7
Kol K F Par vEHEAT AL BE, H] PCA WLEERE (1 H 2R
RAE, FTA R I PCA =415y Wn Kl 4 firoR . {EIE
B (ESI) 1 E F (ESI) BT, PCA B 1 R°X 43
728 0.859 10.842, 043 5ll 2y 0.582 F10.624, K W] iZ 15
BRI PCA M4 R, A0 S AN &
FhTCV2:49 B 2000 85, 38 7 it — 0 R A B 1R
BT o

N T Uk 2N 22 R G, R A M R R [ AS A [
AR RN A B oy 22 57, AN T — 20 R A B
B 7 V24 B /> — 3 H 51 43 BT (PLS-DA) X 66 it
B S EAT 24T, BT BE L PLS-DA = 4E45 4 I in 1] 4
FiRe 1E A8 75 PLS-DA 571 B Hukh 16 25 R X
5390.836 F110.801, R AL AR E 4 R if. PLS-DA
SIHTEE SRR, 5 AR RS B BT B A A
e LLAE S R SR (R A) 7E = 4 3 A9 31 B R 4
Yo BA A 5 AN Bl 2 ) A0 25 o A7 AE — B [ 28 57 o
3 TRiEEEEMENNUERE

DRy 346 T ) 1B R AS [R] it B R AL b ), AR
FLVIP > 3. P < 0.05 N BIH, ik 2 FREY (R 3).
AHIFFEAE BST R R 0 a2 Hh 12 ST 7E 1 A (1] 22 57 A

OH OH
HO., HO HO., -~
- <] o
o Ho, O B3 ’O’Q\QOH 2 O&
il P 1% oH == OHb o
HO | m/z191.055 8 m/z 173.044 9
-C;/H ;06 N0 <
HO - OH O 9.0

HO

m/z 161.023 2 m/z 353.087 9

Figure 3 Fragmentation pathway of chlorogenic acid

—~%Co HO N on, HOU.
T
HO HO

m/z 135.044 4 m/z 109.028 5
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A PCA (EST")

B3] Hipz
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100000
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Wbz
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4000 6000 50004000- 00_20000 20004000 .QL
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Figure 4 PCA and PLS-DA three-dimensional score plots of positive (A and C) and negative (B and D) ion modes of Juniperri Caulis et

Folium. PCA: Principal components analysis; PLS-DA: Partial least squares discriminant analysis

1, TE BST A3 T 0 8 H 13 AN T8 7 (10 B 8] 22 5% j 4
Forbr 4r- -2 i By XU I REAEAS XU SR AE 7
B LR R 45 00 O IR 50 1 36T (1 7 7 Al
IR 22 5 B 70

Table 3 Potential markers of positive (ESI") and negative (ESI )

ion modes. VIP: Variable importance in the projection

Compound Peak VIP (ESI") VIP (ESI")
Abietic acid 56 18.43412 /
C,H,0, 24 / 1451243
C,H,,0, 23 / 11.461 65
4'-Methoxy robustaflavone 49 10.24051 10.806 80
C,,H,,0; 51 / 10.211 32
Hinokiflavone 50 / 9.621 84
C,H,0, 22 / 8.971 32
Hypolaetin-7-O-f-D-xylopyranoside 35 8.728 47 /
C,,H,.0, 58 7.348 05 /
C,,H,,0,, 47 6.942 69 /
Podocarpusflavone A 48 / 6.908 60
C,H,,0,; 42 6.447 10 /
Quercitrin 34 6.178 06 /
Amentoflavone 45 5.646 62 6.544 26
Proanthocyanidin B1 14 4.943 33 4.584 01
Sugiol 54 4.564 51 /
C,,H,0, 36 / 4.268 83
Catechin 16 3.996 22 3.509 34
C,HO, 21 3.627 38 /
Auinic acid 1 / 3.303 37
C,H,0, 25 / 3.203 47

O3 ) LA IE BB TR 2T 21 AN AE AR S A i e T
FUREHR, K SIMCA-P 14.1 545t B A [B A B i 7
#E 47 PCA 1 PLS-DA 4 #7 . 1E & F fl 91 5 T PCA %
B RPX 43 i) 9 0.999 AT 0.999, O 43 HIl A 0.762
0.865. IF BT Ml 1 B 7 PLS-DA # B f] R*X 43 51l
0.755F10.893, 0> 73 514 0.772 F10.875. 45 B 4154
s R RIS T A R 7 AR A A L R SR R )
7E PCA FIIPLS-DA 3513 3| [ B 21173 55 (K15), &KW
K212 A 1o AR A bR 5, T IE kA 2
A B it b 031
4 ERSMHERNEREDRRE ST

Nk — 5 WY AR EWIAEAS [ i e 1) o0 A7 1
., K Fl Metaboanalyst 5.0 % 66 1k [7] 4133t 47 FH ¢ 4 45
B, LAIEBS 7 12 AR 6088 1 13 AN b &40 A e ThI RO 4R
B, TF 5 3 Pearson #H 5% R AL, FHAE R KA 5347 .
FEARBROR, LA Z R4 R RR T N EM, WE 6.
P R T A B T R 1 P € AR A S B T AR M A LE [
AN 5] 8 5 245 04 o 1) 0 A1 1 00, JFG o 20 £ 1 6 R
AR AR T B R, S 2 W 0 R AR R A X
BRI M 6 TT LU H 4'- F -5 i 15 A U5 ] L R
A HEALE m LA A E A M & R, LA R
TE i WA 2504 TP i 2 & B R T A 4 AN SR, R AE
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Figure 5 PCA and PLS-DA three-dimensional score plots of positive (A and C) and negative (B and D) ion modes of chemical markers
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Figure 6 Heatmap of chemical markers in positive (A) and negative (B) ion modes
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