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Analysis on Chemical Constituents in Rhizomes of Bergenia scopulosa by
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[ Abstract] Objective: Ultra-high performance liquid chromatography coupled with quadrupole/
electrostatic field orbital trap high resolution mass spectrometry (UHPLC-Q Exactive Focus MS/MS) was
developed to rapidly analyze and identify the chemical components in the rhizomes of Bergenia scopulosa.
Method: The 75% methanol extract of B. scopulosa rhizomes was analyzed on a Thermo Accucore aQ RP18
column (2.1 mmx150 mm, 2.6 pm) with the mobile phase of methanol (A) and 0.1% formic acid aqueous
solution (B) for gradient elution (0-40 min 5%-95%A, 40-45 min 95%A), the flow rate was 0.3 mL-min" and
the column temperature was at 30 °C. The information of the chemical constituents was acquired in positive and
negative ion modes by heated electrospray ion source (HESI) , and the scanning range was m/z 80-1 200.

Result: A total of 66 chemical constituents were identified, including 2 free amino acids, 7 bergenin
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derivatives, 15 flavonoids, 15 organic acids, 25 glycosides, and 2 others. Conclusion: The chemical
constituents in the rhizomes of B. scopulosa can be identified systematically, accurately and rapidly by this
method. Among them, 8 compounds were unambiguously identified by comparing with reference substances
(succinic acid, arbutin, gallic acid, protocatechuic acid, bengenin, catechin, chlorogenic acid and caffeic
acid) , 51 compounds were found from B. scopulosa for the first time and 28 compounds were found from the
genus Bergenia for the first time. This paper can provide an important basis for the further material basis
clarification and quality assessment of B. scopulosa.

[Key words] Bergenia scopulosa thizomes; chemical constituents; bergenin derivatives; flavonoids;

organic acids; glycosides; ultra-high performance liquid chromatography coupled with quadrupole/electrostatic

field orbital trap high resolution mass spectrometry (UHPLC-Q Exactive Focus MS/MS)
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Base peak chromatograms of Bergenia scopulosa rhizomes

in positive (A) and negative (B) ion modes
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Table 1 Identification of chemical constituents in Bergenia scopulosa rhizomes by UHPLC-Q Exactive Focus MS/MS

s mlz = ‘
H 5FX f/min —— S/ppm . R BT
Z B S LS
1 KRR C,H N0, 094 175.1190 175.1184 -3.4 [M+H]" 70.064 9,60.055 6
2 HEmR > C,H, NO,'" 097 118.0862 118.0858 -3.4 [M+H]* 59.0730,58.0652
3 ETRY C,H,,0,M 1.00 191.056 1 191.0558 -1.6 [M-H]" 93.034 3,85.029 3
4 5-0-EBTBMZETRY C,H, 0,  1.60 343.067 1 343.0662 -2.6 [M-H]" 191.0558,169.013 8,125.024 1
5 BRHIRD C,H,0,M 1.67 117.0193 117.0191 -1.7 [M-H]" 73.0292
6 FERITD C,H,,0,1% 1.52 295.078 8 295.0778 -3.4 [M+Na]" 142.978 2,86.096 1,76.363 3,54.614 7
1.76 271.0823 - - [M-HI" 108.0214
7 BETR" C,H,0,M™ 248 169.0142 169.0138 -2.4 [M-H]" 125024 2,124.016 3,97.029 4,81.034 3,
79.018 7,69.034 4
8 mallonanoside A? CH 0B 2.88 345.0827 345.0821 -1.7 [M-H]"  330.057 6,225.039 7,210.016 2,194.993 0,
180.006 0,166.026 7,138.032 0,124.016 3
9 3-0-BETHEE TR C,H, 0, 320 343.067 1 343.0662 -2.6 [M-H]" 191.0558
10 4-0-% B FBEZE TR > C,H,0,"  3.66 343.067 1 343.0662 -2.6 [M-H]" 191.0558,173.0449,169.013 8,125.024 0
11 LR Y C,H,0,14 441 153.0193 153.0190 -2.0 [M-H]" 108.0214,109.029 5
12 FHARRY C,H,,0,0 4.84 313.0565 313.0559 -1.9 [M-H]" 207.0293,193.013 7
13 4-0-B & F B AR R T 2 CH,00,, P 544 423.0933 423.0925 -1.9 [M-H]"  313.0558,169.0139,151.003 4,125.024 0,
109.029 3
14 LA E-7-0-H 51 C,H,,0,5 5.37 453.139 1 - - [M+H]* 291.0849,165.054 1,139.038 5,123.043 6
546 451.1246 451.1237 -2.0 [M-H]" 289.0714,245.081 4,137.024 2
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#gx1
TS ‘ m/z e .
fes Z 5 FX f/min Slppm . [I-=d
Z WG S LB
15 1,4-bis-O-galloylglucose>®  C, H,,0,,")  5.69 483.078 0 483.078 6 1.2 [M-H]" 313.0564,271.0452,211.024 5,169.013 8
16 TR W iE C,H,0,1 6.45 183.0299 183.0295 -2.2 [M-H]" 124.0263,123.008 5,95.013 4,61.988 2
17 JFALH % B C, H, 0,7 6.65 5771351 577.1337 -2.4 [M-H]"  425.0870,407.076 2,289.071 3,245.081 1,
161.024 0,137.024 2,125.024 1
18 XFRILARHER D C,H 0,8 6.66 137.0244 137.0241 -2.2 [M-H]" 93.0343,65.039 4
19 2-0-B & B R R AT 2D C,H,00, P 6.78 423.0933 423.0919 -3.3 [M-H]"  313.0562,169.013 8,151.003 3,125.024 1,
109.029 4
20 JFEEH R B2 C,,H, 0,1 6.90 577.1351 577.1332 -3.3 [M-H]-  425.0859,407.0759,289.071 2,245.081 2,
161.0239,137.024 1,125.024 0
21 3,4-his-O-galloylglucose®  C,H,,0,,')  7.36 483.078 0 483.0762 -3.7 [M-H]"  423.0558,313.0557,271.0452,241.034 7,
211.0242,169.013 7
22 ardimerin® CoHp, 0B 7.54 679.148 1 679.1453 -4.1 [M+Na]* 351.067 2
7.52 657.166 1 657.1634 —-4.1 [M+H]"  329.0851,311.074 6,293.064 2,275.053 6,
263.053 8,251.053 8,247.059 0,209.043 6
7.57 655.1516 655.1505 -1.7 [M-H]-  327.071 4,312.048 1,249.039 7,237.039 7,
207.029 4
23 AERRD CH, 0" 752 329.0867 329.0851 -4.9 [M+H]"  209.043 1,205.048 7,195.027 7,193.048 7,
181.048 8,177.017 7,133.028 1
7.57 327.0722 327.0714 2.4 [M-H]"  312.048 7,234.016 2,207.029 1,193.013 5,
192.006 1
24 JRJLASEE D C,H 0,2 7.58 137.0244 137.0241 -2.2 [M-H]"  109.029 0,93.034 3,83.013 6,69.034 4,
65.039 4
25 JLER" CH, 0" 756 291.0863 291.0851 -4.1 [M+H]" 139.0385,123.043 5
7.61 289.0718 289.0712 -2.1 [M-H]"  245.0821,203.070 6,161.060 1,151.039 8,
137.024 1,123.044 9,109.029 3
26 2,6-bis-O-galloylglucose>®  C,H,,0,,l°  8.38 483.078 0 483.076 4 -3.3 [M-H]" 423.0559,271.0452,211.0240,169.013 8
27 6-O-1% & T HEAE R AT C,H,,0,, 8.57 423.0933 423.0926 -1.7 [M-H]"  313.0562,169.013 8,151.003 4,125.024 1,
109.029 2
28 2,3-his-O-galloylglucose>®  C,H,,0,,l')  8.62 483.078 0 483.076 0 -4.1 [M-H]" 313.0559,271.0453,211.024 4,169.013 8
29 1,2,6-tri-O-galloylglucose”  C,,H,,0 ¥ 8.77 635.0890 635.0873 -2.7 [M-H]"  483.0772,465.0659,313.056 6,271.046 2,
211.0253,169.013 8
30 ZRJERR ' C H ;0,21 8.98 355.1024 - - [M+HJ]" 163.0383,145.0279,117.032 8
9.01 353.0878 353.0870 -2.3 [M-H]" 191.0556
31 1,6-bis-O-galloylglucose>”  C,H,,0,?2  9.11 483.078 0 483.0754 -5.4 [M-H]" 313.0556,271.0452,169.013 8
32 mmMERR 122 C,H,0,21 9.18 179.035 0 - - [M-H]" 135.0451,134.037 1,107.049 8,61.988 2
33 4-0-KETREAER AT 2 CH,00,, B 9.22 423.0933 423.0920 -3.1 [M-H]"  313.0568,169.013 8,151.003 3,123.008 4,
108.021 4
34 JFAEFRBMY C,H, 0,1 928 577.1351 577.1339 -2.1 [M-H]"  425.0872,407.076 1,289.071 2,245.081 2,
161.024 0,137.024 0,125.024 0
35 3,6-bis-O-galloylglucose™  C,H, 0,20 9.44 483.078 0 483.076 8 -2.5 [M-H]"  313.0556,271.0459,241.0353,211.024 6,
169.013 8
36 1,4,6-tri-O-galloylglucose>”  C,,H,,0,/'  9.58 635.0890 635.0881 -1.4 [M-H]"  617.078 7,483.076 8,465.066 5,423.056 0,
331.064 6,313.056 2,271.045 4,211.024 1,
169.013 8
37 BIRILAEHE CsH,,0,8 9.79 275.091 4 - - [M+H]* 139.0385,107.048 7
9.82 273.076 8 273.076 4 -1.5 [M-H]" 179.8403,144.8712,97.029 2,93.034 3
38 1-O-WNnEREE%s 52 /R 2 CH, 0,17 1023 353.0878 353.0870 -2.3 [M-H]" 191.0557
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fes £ T SR fmin ————————— Sppm L T

% M S S

39 1,3-bis-O-galloylglucose>> C,H,,0,,l'  10.4 483.078 0 483.0771 -1.9 [M-H] 331.0662,313.0551,287.0759,169.013 7,

125.024 0
40 FILZEERD CH,007 1058 291.0863 291.0851 -4.1 [M-+H]" 139.0385,123.0436

10.60 289.071 8 289.0712 -2.1 [M-H] 245.0809,203.071 1,161.060 3,151.039 7,
137.024 1,123.044 8,109.029 2

41 JFAETH HE B2V C,H, 0,7 10.86 577.1351 577.1339  -2.1 [M-H]-  425.086 0,407.0759,289.071 1,245.081 5,
161.023 7,137.024 2,125.024 0

42 2.4,6-tri-O-galloylglucose® C,,H,,0,,1* 11.24 635.0890 635.0878 -1.9 [M-H]" 483.077 3,465.066 4,423.056 9,313.056 2,
271.046 4,211.0251,169.013 7

43 3-0-WEFEEAARERE?  C,H,0,0  11.29 481.0977 481.0959 -3.7 [M+H]" 263.054 0,233.043 5,153.017 6

11.30 479.083 1 479.0816 -3.1 [M-H]" 327.071 6,249.039 6,234.016 2,207.029 4,
192.0059,169.013 8,125.024 1

44 3.4,6-tri-O-galloylglucose*®  C,,H,,0,,/"1 11.64 635.0890 635.0880 -1.6 [M-H]" 617.077 1,483.077 7,465.066 2,423.056 1,
331.065 8,313.056 1,271.045 3,211.024 5,
169.013 8

45 11-0-B & FREA 1 E C, Hy 0,550 11.64 481.097 7 481.0959 -3.7 [M+H]" 263.0539,153.017 7

11.64 479.083 1 479.0818 -2.7 [M-H]J 327.0711,312.048 0,249.039 6,207.029 3,
193.013 7,169.013 8,125.013 9

46 6-0-(4"-O-M X THE) C\Hpy0,,B 1174 437.1089 437.1075 -3.2 [M-H]"  422.0844,327.071 8,183.029 3,168.006 0,
e 2 109.029 3

47 6-0-(3"-0-WIHEE A THE) C,Hpy0,B  11.96 437.1089 437.1078 -2.5 [M-H]"  422.0854,327.0710,183.029 4,168.006 1,
e 109.029 4

48 2,6-0- IR B FBEAER 112 C,H,,0 5 12.08 575.1042 575.1030 -2.1 [M-H]" 423.0925,405.0817,169.013 7
49 4,6-0- "W ETEBEAEETFY C,H,0.8 13.13 575.1042 575.1030 -2.1 [M-H]" 423.0926,169.013 8

50 7-0-EFEEIILEE C,,H, 0,21 1334 443.0973 443.0957 -3.6 [M+H]" 153.0177,139.038 5,123.043 6
13.31 441.0827 441.0819 -1.8 [M-H]"  289.0710,245.0812,169.0137,137.024 1,
125.024 0
51 Kk C,H,0, 13.91 137.0244 137.0241 -2.2 [M-H]- 93.0343,65.0394
52 breynioside A? CoH,00%  13.95 391.1034 391.1030 -1.0 [M-H]" 281.0659,137.024 1,109.029 3

53 1,3,6-tri-O-galloylglucose*?  C,,H,,0,,")  14.06 635.089 0 635.0881 -1.4 [M-H]- 483.076 7,465.066 7,313.054 9,169.014 1

54 3-0-WEFWEILAFE B S- Cp,H 0, 14.45 443.097 3 443.0957 -3.6 [M+H]" 153.0177,139.038 5,123.043 5

-3 K22
O-BETRILAR 14.44 441.0827 441.0819 -1.8 [M-H] 289.071 2,245.081 2,169.013 8,137.024 0,

125.024 1
55 Mk E?Y C,H,0.F1 1446 273.0758 273.0748 -3.7 [M+H]" 123.0436
56 4-0-EFWEA SRR C, H, 0,1 1450 481.097 7 481.0959 -3.7 [M+H]* 153.0177

14.49 479.0831 479.0817 -2.9 [M-H] 327.071 5,313.055 6,249.040 2,207.029 3,
193.013 7,169.013 5

57 1,2,4,6-tetra-O-galloylglucose C;,H,,0,,50 1473 787.099 9 787.096 4 -4.4 [M-H]~ 617.077 0
g HC R 43 S A A2
58 2"-O-WE THE4& 212 C,H,,0,24 16.10 617.1137 - - [M+H]" 303.048 8,153.017 7
16.10 615.0992 615.0975 -2.8 [M-H]" 463.087 4,301.034 7,300.026 2

59 411-0-Z BB TBA HE CHL00" 16,56 633.1086 633.1066 -3.2 [M+H]" 153.0177
a3, 11-0- BTl AEE
WED 16.54 631.094 1 631.0928 -2.1 [M-H]" 479.0821,169.013 8

60  3,5-0- "W THEILEE CuH,LO,B 1711 593.0937 593.0922 -2.5 [M-H]-  441.081 6,423.071 5,289.071 1,271.060 5,
5 3,7-0- B TEILAERY 169.013 8,125.024 0
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&gk
p;f 5 BFRX iymin Imf;/zmuﬁ 8/ppm fﬁi i T
61 2Bkt C, H,,0,,%  17.26 465.102 8 - - [M+H]" 303.0488
17.28 463.0882 463.0875 -1.5 [M-H]" 301.033 3,300.026 8
62 11-OXBRIERHFE A HFEERY C,H,0,0  18.02 449.107 8 - - [M+H]" 121.0279
18.02 447.093 3 - - [M-H]" 234.016 3,207.029 4,192.006 0,137.024 1
63 WEiEm Y C,HOLP  18.09 300.999 0 300.9983 -2.3 [M-H]"  283.9955,257.008 6,229.013 6,201.018 6,
185.023 8,173.024 0,145.029 0
64 RAEZHER? C,,H,0,)  19.34 331.0812 331.0798 -4.2 [M+H]" 298.0456,270.051 1
19.32 329.066 7 329.066 1 -1.8 [M-H]" 271.0240,61.988 2
65 - - 19.53 - 679.5090 - [M+H]" 661.498 5,548.413 8
66 - - 21.06 - 8145739 - [M+H]' -
67 - - 22.32 - 927.6578 - [M+H]' -
68 anisyl isobutyrate C,H,0,” 2468 207.1027 207.1023 -1.9 [M-H]" 192.079 0,177.0552,149.060 4
69 - - 30.87 - 331.186 6 - [M+H]' -
70 - - 32.36 - 301.1398 -  [M+H]' -
71 - - 32.74 - 301.1397 - [M+H]' -
72 - - 38.09 - 3572237 - [M+H]' -
73 - - 39.37 - 3532647 - [M+H]" 338.2058
74 - - 40.82 - 803.540 1 - [M+H]" 413.2645
75 - - 42.34 - 647.4562 - [M+H]" 441.2902
76 - - 42.69 - 587.5461 - [M+H]' -
77 W ST C,H, OP1  44.05 599.4282 599.4257 -4.2 [M+Na]® -

T« 1 e R RS LA A 52 R SRR ARG B Al 2 003 5 o 1 3 R A B Ak AT

30 HHRRE NFEWE S bbb i
FHXREUEVA TN AN REARR AH
KFRLVO-RETHAEHNRR,11-0-KE T e H
HELA4-0-E I A FISR R, 11-0-X% £ 28 1 ik
FHEER .4 -0-ZEETFHaHXR®3, 11-0-
TWEFBA SRR . R IE AR
T A B e

3.0 AHRR AHXRENE PN %
% {5 B S B HE S T B T 0 m/z 327.071 4 [M-
HI-, 84 H 7208 C H,0,, 955 d ] U m/z
312.048 7 [M-H-CH,] =, m/z 234.016 2 [M-H-
C,H,0,~CH, ], m/z 207.029 1 [M-H-C,H,0,] ", m/z
193.013 5 [M-H-C,H,,0,] ", m/z 192.006 1 [ M—H-
CH,-C,H,0,] ; 1E & F 1 X 1 — F i 5 515 21
Oy B8 T8 m/z 329.085 1 [M+H] ", 14 H 2 7=
K C,H,,0y, —Z 5% H 0] W m/z 209.043 1 [M+H-
CH,0,] ", m/z 195.027 7 [M+H-C,H,,0,] ", m/z
193.048 7 [M+H-C,H,O,] ", m/z 181.048 8 [M+H-
C,H,0,~CO |, 5 X} Bt /iy i £ B8 Bsf [] A1 B 3547 o L

8IS H U E RGN E AR,

312 HEREFEAHRXR RREFHBRAHX
REABZ MR 5K, Wik 5 Y 43,45 F1 56
A/ oW iR el N R O e R 5
Jym/z 481.0959 [M+H 1", m/z 479.081 8 [M-H -, %}
N AL A5 T2k C, H,00,,0 7 BB T4 X T i
TP A K E F RIS F mz 169.013 8
[C,H,0,] ,m/z 125.013 9 [ C,H,0,] Fl & 13K K $-1E
B m/z 327.071 1 [ M-H-galloyl] (galloyl } 7% £
FEEHE ), m/z 312.048 0 [M-H-galloyl-CH, ], m/z
249.039 6 [M-H-galloyl-C,H,0,] ", m/z 207.029 3
[M-H-galloyl-C,H,0,] ~, m/z 193.013 7 [M-H-
galloyl-C;H,,0, ] ; 76 1F B F 181 X T R o F 4 £ 2P
BT SRR AR B F m/z 153.017 7 [C,H,0,]", #E
MZAL G Y PR E FBEA AR 456 Xk %
WA S 1 3 I 1 3 A W0 A 2 43 R E A1 T FT R
N34 1R E TR . BT A Y
ClogP fH & K , 78 [ A €0 3% #1157 B[] i
PRI, 8 B M 5 IO 7 8 O ) 2 3 Ak & 0 A A
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WV 22 5 M4l ClogPAE #EIN AL & W) 43,45, 56 1K ik
F3-0-BEFBEAHER, 11-0-I0 & F B A
R 4-0-WEFBAARE. R LS 627t
B AR T T B T 24 A B R R R WY R R AIE B T
m/z 137.024 1 [C,H,0,] F1 5 1 3% R E & T m/z
234.016 3 [M-H-hydroxybenzoyl-C,H,0,~CH,] ~
(hydroxybenzoyl £ 7~ Xf ¥ F& 2% W B 3£ ) |, m/z
207.029 4 [M-H-hydroxybenzoyl-C,H,0,] ~ , m/z
192.006 0 [ M—H-hydroxybenzoyl-CH,-C,H,0,]"; 7
1E B 0T B T 24 32 R k0T 5 R O H g O
FRAE B T m/z 121.027 9 [ C,H,0, 1", 454 SCHk #E I 1%
AR 11-0- X B EREFEES R R
33 THREFHAHARXERE RETFHAHX
R B A — g {5 B A 2 TR T
g m/z 633.106 6 [M+H] ", #l & H 4+ KX K
CoHys0,,, 0 3% b 32 B 54 i Jy 3k T g o 24 4=
S T RE LR B T m/z 153.017 7 [C,H,0,]7; B
T — G (R B S B E S T T g mz
631.092 8 [M-H], ¥l & H /47X K C,H,,0,,, —%
JoT % v R T S e 1R B AR U T IR R AR B T
m/z 169.013 8 [ C,H,O, |l F % & F Wt A % K 4F
1E B F m/z 479.082 1 [ M-H-galloyl ], &5 & SCHk
R B AR )AL o o R AR HE N AL S P 59 T 4, 11-
O-—WEFHAHXRI3, 11-0- KB TFHAEH
KR,
3.2 HEZE ANZRUE S SR ZG R g AT Y B
RGP I NSA AL FE B BE-3-BEIE R AL R B
T 2 24 N S A 2
3.2 BBE-3-EER NZEIR S SR b AT
B -3-BER AL G WA BT R ILAH RIILE R VL
RE LA REAHRT LB ETHILAREM %
BFEILEE. Uibaw2s i, EiE fETF T
B E 4> F B T 0650 53 m/z 291.085 1 [M+H]", m/z
289.071 2 [M-H]", %I Wi fb & ¥ 4r F Xk C;H,, 040
FEOE B T C 3T 24 3 28 R 7 B T
m/z 139.038 5 [C,H,0,]",m/z 123.043 5 [C,H,0,]";
PGB BT C 20306 4Kk 7R - B 7 2K 52 1 (RDA)
S8 = BRRAE W F B F m/z 151.039 8 [CH,O, ] A0l
m/z 137.024 1 [C,H,0,], # F & F m/z 151.039 8
[C,H,0,] 43 % % 2k CO 8% C,H,0 A= il m/z 123.044 9
[C,H,0,] flm/z 109.029 3 [ C,H,O, ], 4T B Tk
m/z 289.071 2 [M-H ] 7] % % CO, 4 Wi F &5+
m/z 245.082 1 [M-H-CO, |, B i% &k % & C,H,0 43 %
H O m/z 203.070 6 [M-H-CO,-C,H,0] ~ fll m/z
- 124 -

161.060 1 [M-H-CO,-2C,H,0 ], H #i& 3C #ik ¥k il i%
AP RTRE N LR RER LA HE 7 i — 2 axt
TR L XTI LS Z . (B 40 5 25 K[ 40 5
Fa A, AR 4 — 3 19 Clog P {H K /N SC ik £ 5L 3 I 1k
G40 FRILE R . IRIE b -3-FE KL A W IEE
T A 2R R AT X 4 B ER A B 3R AT )
By R LASRS 76 IE B TR R AT #E C PR %
A R AR B R B P m/z 139.038 5 [C,H,0,]", m/z
107.048 7 [C,H,0] . JLZ& % -7-O- % % B 11 7€ 71 5
TN HES F 8 0% m/z 451.123 7 [M-H] %
P VAN 53 481 % 0 A2 BCRRAE B R T m/z 289.071 4
[M-H-Glu]", 4k %; % 2k CO, 5 C # it 7 RDA % fi
AW EE AE B B T m/z 245.081 4 [M-H-Glu-
CO,] ,m/z 137.024 2 [C,H,0,] . L& % 50 Fil 54 14
HEREFHILER LG YSOEIE ST
HE 5> T B T W6 23 51 4 m/z 443.095 7 [M+H " Fl m/z
441.081 9 [M-H ], X} i fb. & 91 50 700 C,H (O
EREFHES TSRS TR0 F m/:
153.017 7 [C,H,0,]", m/z 169.013 7 [C,H,0,] , m/z
125.024 0 [CH,O0, ] FLE R FHE S+ m/z 139.038 5
[C,H,0,]",m/z 123.043 6 [C,H,0,]", m/z 289.071 0
[C,H;0,] ,m/z245.081 2 [C, H,0,] ,m/z 137.024 1
[C,H0,), 2% k5 0 0 Z# 06 1 3 h & A 7-0-
BEFHILAARY, B84 5 AR b A2 o ik
F7 78 34 A 5 4 BOMR i % & F B LA £ Ik
ClogP {E it — LM AL 511 50 2 7-0-1 & ¥t LS
2. UEYS4R3-0- BB FBILARL S-0-KETF
MELAS .

322 BAEFRE MNZEBRAAFZD LA 441 BAE
FAFRZEMEY, HERILER RILKRU
C,-C, 8 C,-C, iU B — R LBk AW £
B A Ty Xk 25 4 B G ) ) A S T 2R B C B
T fEB W 17,20,34 F1 41 58 [R5 S AR, LU
&Y 17 R AE s R — B {E ST
73 B UE Sy 7 85 F 0 m/z 577.133 7 [M-H] ™, L& H
o F 3k CH,0,,. g% C ¥ RDA 2 A=
W AE % A B T m/z 425.087 0 [C,,H,,0, ], 4 1 i
& — 4y T K B m/z 407.076 2 [C,,H,,04] " 3 m/z
577.133 7 [M-H ] if o] 2% )L 28 R R 1E 85+ m/z
289.071 3 [CH,,0,] , IF A= W ¢ 1E 0 | 85+ m/z
245.081 1 [C,H,,0,]",m/z 161.024 0 [C,H,0,]", m/z
137.024 2 [C,H,0,] ;m/z 577.133 7 [M-H ] i£ 7] C
2 R IE R A B T m/z 125.024 1 [CH,0, ],
D IX 44 AR B AE T £ B, . B, LB, B, 7
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3.2.3  EEAEESE NZUE S A B 3 A i
FALEW, 50k 2"-0- 1% B F k4 22 Bk 4 228k
HMRERR. U2"-0-WEFEEE 2 I, 5
T H CH0, TEIE B TR ik A &
KA F BT BEIEN 1 A 432 2L b5 A= B e
ZHE B T m/z 303.048 8 [ M+H-galloyl-Gal ] F17%
IR AR B T m/z 153.017 7 [C,H,0, ] ; A B 1
B A — g E RS B S R oz
615.097 5 [M-H] ", Z ik A LXK 1400 FIX
B F Wk 3L R AR R B T m/z 463.087 4 [M-H-
galloyl]", 4k 22 £ 6 1A~ 43 21 ZLWE A= it Bz 2= RRAE
B T m/z 301.034 7 [C,;H,0,] = F1 m/z 300.026 2
[C\:HO, ], 45 & Z2 18 5 11 S A W Ak 2 1L o3 S B8
JE A I 0 2"-0- B T4 2 Bk AT
324 THEHEEIE MNBRBAHARLEETINHZA
WL &Y, LA W 5578 15 B F B U — G i
5 R EIESY T B T W m/z 273.074 8 [M+H]", 1)
AT RN CH,0,, T b C I LR X
¥ TR I LR AF B 7 m/z 123.043 6 [C,H,0,] ", #fE
MZ A A W Ryl e 22

33 ANLRRE AHREAE Y —BAETE 78
R R, Bk 2 CO,, H,0 25 iR i Fr . N ZE I
FEAR M T 1S N HE LRI E W, a5k
BEHIR R E TR RILAR R R R
TR JELASEE nERR KR REAETR (& T
R ZRJER , 1-O-MIMEBEZE 7 /R L 3-0-I8 & F Ik & T
fii , 4-0-% & F B2 TRR A 5-0-% & Tt % T .
331 fRAIR EW TR R %
JF {5 BN HE S T8 T 18 m/z 169.013 8 [M-H -,
MS/MS A FE1E 8 K B F m/z 125.024 2 [M-H-
CO,] ,m/z 124.016 3 [M-H-CHO, ], m/z 97.029 4
[M-H-CO,-CO]",m/z 81.034 3 [M-H-CO,-CO,]",
m/z 79.018 7 [M=H-CO,-CO-H,0]", m/z 69.034 4
[M-H-CO,-2CO]", i i SCHk = % Kb B LX) %
SEZI A MR TR, 15 18,24 FIS1FE 7L T
BN B — RO (S B B B g mz
137.024 1 [M-H]", =9 5% ¥4 FRAEAF 7 2
m/z 93.034 3 [M-H-CO,] , m/z 65.039 4 [M-H-
CO,-CO| ", W% 24 i fF 75 1 v B + m/z 109.029 0
[M-H-CO]",m/z 83.013 6 [C,H,0,] 1 m/z 69.034 4
[C,H,O], 25 A HH & SCHk i U 3x 3 S 1k & KRk
XL R LR KA, i3
A B TR U I — S (S B AT B TR T
g m/z 191.055 8 [M—-H]~, 2% Jii 1% v A3 455 AiF 06 F

B T m/z 93.034 3 [M-H-CO,-3H,0 ] m/z 85.029 3
[M-H-H,0-C,H,0,]", 2% 3Bk [ 11 ]#fi 2 % o
T G320 s A R IR R R R T
m/z 135.045 1 [M-H-CO, ] #l m/z 134.037 1 [M-H-
CHO, |, i i SCHk S % b BRSO S8 78 9% 85 K
w2 AW 63 7E B AT Y — i
= A5 B ME A F B T8 m/z 300.998 3 [M-H]™, —
2% 3% A m/z 283.995 5, 257.008 6, 229.013 6,
201.018 6,185.023 8,173.024 0,145.029 0 % 8 i &
¥, 48 5 X% B [M-H-OH] ", [M-H-CO,]", [M-H-
C0,-CO] -, [M-H-CO0,-2C0O] -, [M-H-2CO,-
CO] ,[M-H-CO,-3CO]",[M-H-CO,-4CO | 4§ &
T, 5% SCIRL20 ] 5 2 1% 85 IR AR TR .
332 ETRMGAY ZFWAAXPEAE K
FH N ME R B R S 4 T R A8 A 1R Ak 4 A T ALY
& TR KA AW . W 30 1 38 X Sk B nk i 45 7
iR, 0 30 7 T B T REK T 1 — STk £ B A5 204
T8 T m/z 353.087 0 [M-H]~, Z % i A %
TR FF AR B & m/z 191.055 6 [ M—H-caffeoyl]”
(caffeoyl & 7 M HE BB L ) , 5 % J 2 | B 4 Jiet 1R %o R
i L S BN IE S 9 30 M 4R R R . 45 A e A IR
RO A A ) €0 33 A D0 A5 09 A [ 57 38 BECAR 1 o e
Zs TR W % B8 15 18] B ClogP ., ¥4k & 4 38 5 [ &%
JE TR XoF R L 6 & B R B B ) R B AN
— 0, PR AR R 1-O-mi Mk B 45 TR Y. 15 4,9
F110 76 17 85 780N 19— ik {5 B 15 2 o
F B 0% m/z 343.066 2 [M-H ], Z g i h ¥4
% 7 R R AE B R B F om/z 191.055 8 [M-H-
galloyl ], I 4 1 10 — 9% i 3% rf 38 47 3% & F R F# 1IE
BT m/z 169.013 8 [ C,H,0, |-, 4l H: Ay 3% 13 7 i
FT R o Ak B[R] BT A% R T R A R A
Je TR Xof RE it 1) B 5 L A AT oA, e BB A I R L ki
R 2 T ¥ 1F B¢ F B F m/z 173.045 3 [M-H-
caffeoyl-H,0 | ~ Fl 01 MF iR ¢ 1E 25 F m/z 179.034 9
[CH,0,1 . 454 A I 76 AH [a] €8 3% A b X S0 nf M 7
4 TR [F] 43 S R R 00 35 AT Sl A3 B, LR B B ) Sy
W 2o JiE TR > 5 i R > 4 JA TR, LU 10 55 B & S 1R A7
16 A TR R AE B8 85 F m/z 173.044 9 [ M—-H-galloyl-
H,O |-, X I #0006 4,9 1110 43 1) O 5-0- 3% & T Bt
ETMR,3-0-KEFTHETRR,4-0-KE FEZE
?@UZ.ZIJO
3.4 BEEE NZEWE ISR ZGM i b L O BE
BB I 254, KL Wik & 7 Wb 1 e R 2k
LAY o
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340 WETFEBEAHE  AUE A RE T AR
AR TR T M R T R A b
DU A AR X R G R R R 2 1
2 & i [ M-H-galloyl-H,0 | R E#E K & F . LU =
T T LA AR ], 1 29,36, 42,44 71 53 1N W]
Gy SRR U 36 A 11 B TR I — TS B A
HE> 18 1 W m/z 635.088 1 [M-H]~, — % JF it rp
BIFIERE R BT m/z 483.076 8 [ M—H-galloyl] ™, m/z
465.066 5 [ M—H-galloyl-H,0]~, m/z 313.056 2 [ M-
H-2galloyl-H,0 | I & F R 4F1E & F m/z 169.013
8 [C,H,0,] . i T & FBEHEEACALE AR, 1
BN 25 o WIE T RRAEEMSE 456 3
k15 B 2 ClogP fHAEM 3% 5 MG WK 1,2, 6-
tri-0O-galloylglucose, 1, 4, 6-tri-O-galloylglucose, 2,
4, 6-tri-O-galloylglucose, 3, 4, 6-tri-O-galloylglucose,
1,3, 6-tri-O-galloylglucose'>"',

342 fERHER REREEH - TFXEZME
— 3 A AR AR T R BE T, B S R T
ER R E TR R E TR T
W WEAE AT A R R R R X RS
Yo Z2 o0 BB 1 Tk A 7 W EL A SR LY 2 AL L
W o E R E TR R U e K I 1 B
EREAR T AL R E TR O RERE TR .
X R W SO R L R R Y R AR R R R T L
AV B T R SR O ), 0 13,19, 27 F1 33 Ty [A]
Gy SRR 27 FE 1B TR 1 — TS B A
B e S 188 70 m/z 423.092 6 [M-H]~, %% 5 i
O R IR B R B T om/z 313.056 2 [M-H-
hydroquinone ]~ (hydroquinone & Xf ¥ 3& 2K B} ) , m/z
151.003 4 [ M—H-galloyl-C,H,0, ], ¥ & 1 & ¥ 1iF
B 7 m/z 169.013 8 [C,H,0,] ~, m/z 125.024 1
[CHO,] - F Xt 28 = By % 1 B + m/z 109.029 2
[CH.0,] . M8l 68 77 75 09 45 1, 45 & SCmk &
ClogP fHH#EM X 4 MEA VIR y 4'-0-1% £ 1 Bt fig
AT, 2-0- B T BEAE R 4T, 6'-0- 18 & T WERE R 1T,
4-0-% B FRERESR Y 477 B TR W
— R EAE B A WSS T8 1 m/z 437.107 8 [M-
H], %A R BT m/z 422.085 4 [M-H-
CH, ] #1m/z 327.071 0 [ M—H-hydroquinone ], F Z&
BB T R AE B T m/z 183.029 4 [C,H,0.], m/z
168.006 1 [C,H,O,] ~ HI X} % — iy %5 1E & 7 m/z
109.029 4 [ CH,0,]1, 45 & SCHRHE M i Ak & 9 o B 5
B T REAE D 1 46 A1 47 N [A] 43 S5 M 1A, 4R 4
Al REAFAE 9 &5 8 , K 4% ClogP {H I 3% 2 ML & W
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53R 6'-0-(4"-0-F 3L % & F It ) B8 R 14T #1 6'-0-
(3"-O-H FE W & Ik ) RE AR 4 . 0 52 78 1 B8 T2 X
T — 95T AE A E 4> B F 0% m/z 391.103 0
[M-H]", =g ik A R 8+ m/z 281.065 9 [M-
H-hydroquinone ] =, %f 5% & 28 B {2 K¢ ik 2 ¥ m/z
137.024 1 [C,H,O,] Al X} & — Wy 4§ 1F & F m/z
109.029 3 [CH,0,] ~, &5 & SCHk #fE W 3% WL 4 Hh
breynioside A",
343 BRI RBIE LM TR %E 2
H 24y, 53 ) 2~ mallonanoside A #1 ardimerin. fk
G 818 1 B F AT I — TS5 B AR B T
B 70 m/z 345.082 1 [M=-H]~, — 2% 0 3% vh A i A
2 F m/z 330.057 6 [M—H-CH,] ~, m/z 225.039 7
[M-H-C,H,0,] ~ , m/z 210.016 2 [M-H-CH,-
C,H,0,]",m/z 194.993 0 [M-H-CH,-C,H,,0,] , m/z
180.006 0 [ M-H-CH,-C,H,0,~CH,0] ", m/z 166.026 7
[M-H-C,H,,0,~-COOH] -, m/z 138.032 0 [M-H-
C,H,,0,-COOH-CO] ", m/z 124.016 3 [M-H-CH,-
C,H,0,-C,H,0-CO, |, &5 & 3CHk 7> ¥ & %L 5 W
“}y mallonanoside A"', fb& 4 22 & iy 2 4B 1 3 i
B3 45 A B ER I A Y, 76 IE 67 T Y B 2
TR R PN R BR IF S9E AR ARG 41 ¥R I UK G PR O AR A
I ZA A R B R HE S T B S miz
657.163 4 [M+H]", I P ik 25+ 24 T8 BUAF AR A 7 25
F m/z 329.085 1 [C,,H,,0, 1", %5 il H ik H A
B T m/z 311.074 6 [C,H,,0,] ", m/z 293.064 2
[C.H,0,]",m/z275.053 6 [CH,0,]" ,m/z263.053 8
[C.,H,0O,]" ,m/z251.053 8 [C,H,0,]",m/z247.059 0
[C,H,0,]", m/z 209.043 6 [ C,,H,0,]"; Tt B T 5 5L
9 — 5T 1% A5 A B E 43 F B 11§ m/z 655.150 5
[M-H] ", Py 5 55 JF 2808 50 R A 77 0 85 F m/z
327.071 4 [C,H 0, ], — Tk A B T mi/z
312.048 1 [C,,H,,0,] ,m/z 249.039 7 [C,,H,0,] ., m/z
237.039 7 [C,,H,0,] , m/z 207.029 4 [C,H,0,] , 4%
A SCHR Ay BT 2 1% AL & W) ardimerin®

3.5 HAbZ BRL BB, NEIEE HSER 2R
Hh R A I ) A1 R S R, Aok AR (AR L S 2
BG4y E N A, RL K il JE R 4 AN anisyl
isobutyrate, LRZE R LK 1.

4 it

UHPLC-Q Exactive Focus MS/MS A& 3= % &

XN ARG B & W R R
A3 BT BCHE S AR 05, AR B R R 25 5 R 2 R A 4y
MMEETFE., ¥TERAAXAGME THIKRE
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J 53 R JB T Y e 43 B S AR S e 3 5 Uk Bl AH FH -
0.1% HT R 7K 5 Wi 6 15 Wk i % 28 08 5 1 S i 25 1y Ak
T AT AP . 8 A FR A S T AR
02 T SO B s W R T S - S 7 S - L
B AN S B 04 e N Ay e KRR JEE b AR MR ZY
ML 6 0 BT AE A S SR FIE L S 2 Fil
B o i BERE S R B . TR X ZR 08 AL
AT EAT R R D, R IS R R 2 b -3
BRI R U S @ e = W o S SN A= e = Wl R ]
A B 3, T AR RIS AR A LR T
FR AT A= W B 1 I AR 1 B B R 28 LA A AE 1
TR A A B e N 3K 6 T S0 I TR 25 A
SPEA—ERSE L SO, e R E A
SR Lo 1Y AR BT R TR N R
RHER LA E MIMERR 45 TR AE TR R N R A T
b R A WAL S AR Y R N TP R4S H 2 R
B GAC Y, RT S 2R 08 L SE  E T
Wy Ak il 1B L R RS S N Y 2 Ak 2 E P
Al

AR S5 T8 S 6 2R U S 1R 2 A Y g AR R4
L HE T 66 N bsE LA A STAS L
WAEZ S A R & B, 28 S W4 M B IR M A 2R
B R R, ST E R T ER SRR
o2 WLy PR o A B SR, & BA S8 N Z 08 2 L h
S B AT B B3 IF A AE BT 1 HR B, AT RE i
13 B 1Y AT AR R A A 3 rh S ARG, 5
A i G R AR S 0 0 BT % 2% 1 T M DA B A s L mT
AEJE 5 208 E S 2 61 7 Hhy A= R I ] R AT Fsf ]
2 4 b BN B S A A R R O, IS LA AT AN TR
R 2544057 1o 1 AR 9T

B R M B FEATAE Y B SR
5 PUE AL TR LR R AT AR B A
B PO IR BT PR S R AT R
FAb A B AR SR 0B Al P e SR R
S HL AT A BE AR 20 A 8 A RN A Ak B £F 4 AL
F PR P AL S TS PR XS A Y
FE RN IR AT 5T 2 W8 5 11356 25 b1 1 24 240 ) o 2 Tk
Ko P il S AR IS AR HE . W, HET S #0855
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