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[Abstract]

Schisandrae Chinensis Fructus monodecoction, and their co-decoction (with the compatibility ratio of 2 : 1) by high

Objective: To investigate the chemical components of Ziziphi Spinosae Semen monodecoction,

performance liquid chromatography-linear ion trap-orbitrap high resolution mass spectrometry (HPLC-LTQ-Orbitrap-MS").
Methods: Electrospray ionization source (ESI) was applied to the analysis in positive and negative ion modes respectively.
Fourier transform-infrared spectroscopy (TF, Full Scan, Resolution of 30 000) and data-dependent acquisition of ddMS* and
ddMS® spectra were employed, and the retention time, accurate mass measurements, and mass fragmentation patterns were
analyzed. Results: A total of fifty chromatographic signals in the positive and negative ion modes of Ziziphi Spinosae Semen
monodecoction were detected and their chemical components were identified, among which ten compounds (6 flavonoids, 2
alkaloids, and 2 saponins) had been identified by fingerprint analysis or reported for content determination in the last ten
years. Thirty-two chromatographic signals representing different components were identified in the positive and negative ion
modes of Schisandrae Chinensis Fructus monodecoction, and ten lignans had been identified for fingerprint analysis or
reported for content determination in the last ten years. Fifty chromatographic signals were identified in the positive and
negative ion modes of the co-decoction of Ziziphi Spinosae Semen and Schisandrae Chinensis Fructus, and 19 compounds (5
flavonoids, 1 alkaloid, 1 saponin, and 12 lignans) of which had been detected in the monodecoction for fingerprint analysis
or content determination in the last ten years. Jujuboside B, a saponin, was detected in Ziziphi Spinosae Semen
monodecoction while not in the co-decoction. However, an ion peak representing lignan isomer in Schisandraec Chinensis
Fructus was detected only in the co-decoction. Conclusion: HPLC-LTQ-Orbitraps-MS" realized the qualitative analysis of
the chemical composition changes of monodecoction and co-decoction of Ziziphi Spinosae Semen and Schisandrae

Chinensis Fructus (2 : 1), which provided a reference for the further research on the compatibility mechanism of the two
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medicinal materials.
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28" 4876 [M-H] C,H,0,  769.19799  769.19495  -3.951 593.148 80,412,879 00, 541 % -2"-0-6- B # k- [20]
353.085 48; (MS® 769.19 T i1y
—413.14) 395.202 94,
293.145 42

29 49.18 [M+H]" C,H,0, 873.31756  873.317 32 -0.275 855306 15, 837.223 27,  6”-dihydrophaseoylspinosin [7]
447.127 08, 429.151 37,
392.814 76

30" 5126 [M+H]T C,H,0, 81523931 81523907  -0.294 609.180 54,429.087 80,  6"-JF T Wkl j i % (71
411361 54,392.814 24,
327.085 63

31¥ 5164 [M-H] C,H,0, 81322420 813.22076  -4.230 696.78259,607.16394; 6" I+ FEENTE R [20]
(MS? 813.22) 427.174 62,
337.180 33, 307.105 41

32" 5217 [M+H]" C,H O, 75521818 75521692  -1.668 609.179 81,447.12732, 6"-%t& GELHILIHER [7]
429.116 73,411.106 38 ,
393.095 52

33" 5542 [M-H] C,H,O, 78321364 78321057  -3.920 (MS’783.21)607.18579, 6"-BuRMEEIL IR [20]
445.269 29, 427.164 98,

325.111 15, 307.082 34

34 5733 [M-H] 943.265 93 (MS*943.27) 607.162 54, AKH2 (752 it R I H IRk [20]
445.086 98, 427.215 64,  HLAY)
325.426 27, 306.691 44
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&R

t/min

BT

AF

Pt (E

e {E

w2 (8)

MS/MS*MS* % J
EFHEE

e A >
pul (=] ik

36

37

38

39

+

40

41

42

43

44

45

46

47

48

49

50

60.36

62.06

63.26

65.05

65.48

66.50

68.05

71.17

75.37

77.39

78.65

82.74

92.86

102.90

M+H]"

[M+H]"

M+H]"

[M-H]

[M-H]

M-HI

[M-H]

[M-H]

M-H]

(M -H]

[M-H]

[M-H]

M- H]

[M-H]

M-H]

M-HI

C,H

441150

NO,

2

C H,NO

547758 26

C,H, 0

43775019

C,H,,0

43775019

C,H,,0

37773817

C.,H,,0,,

6477106

C,H, O

587796 727

C,H,,0

5877947726

15771076

C,H,,0

527784721

CH,O

547786 722

307746 76

C,H,O0

307746 75

3077465

944.281 90

1136.324 16

871.301 91

869.286 80

753.203 07

1 385.658 90

1223.605 52

1 205.594 96

285.039 36

1043.542 14

1 085.552 70

501.321 07

485.326 15

485.326 15

944.281 92

1136.323 12

871.302 31

869.283 02

711.189 58

753.199 65

1 385.652 59

1118.309 81

1223.602 66

1205.595 21

285.038 88

1.043.536 99

1085.548 71

501.320 62

485.325 87

485.326 35

0.023

-0915

0.459

-4.348

- 4.541

-4.550

-2.340

0.207

- 1.684

-4.935

-3.676

-0.889

-0.579

0.410

(MS® 944.28—764.22)
746.315 06, 728.352 97,
393.184 69; (MS® 944.28
—327.10) 327.150 51,
285.100 59

974.290 77, 798.214 29;
(MS?1136.32)780.190 67,
762.279 91, 327.170 99

(MS? 871.30) 447.106 08,
429.139 77, 393.252 50,
351.157 71, 327.169 31

(MS’ 869.28) 839.395 45,
607.259 22, 589.223 27,
445.130 13, 427.163 21

(MS?711.19) 589.210 14,
445.057 74, 427.126 95,
325.275 33, 307.122 86

607.164 12 ; (MS? 753.20)
44523773, 427.132 81,
325.103 21, 307.025 02

478.62747;(MS*1385.65)
1367.58813,1253.45776,
1081.395 02, 949.631 35

(MS?1118.31)998.276 98,
762.276 73, 663.232 12,
607.161 99, 427.325 41

(MS?1223.60)1205.48755,
1091.548 10, 919.423 34;
(MS® 1 223.60—787.44)
625.493 23, 479.281 92

1055.498 78, 911.442 63,
749.435 24, 603.258 67,
455.178 65

(MS?285.04) 257.100 28,
229.123 72, 185.036 74,
169.042 97, 150.905 36

911.442 63, 893.262 63,
765.442 38, 749.435 24,
603.258 67

1043.53845,1025.49792,
911.462 71, 765.441 10,
749.386 41

471.309 84, 452.921 11,
439.067 05, 409.234 34,
379.133 54

315.252 38 ; (MS’ 485.33)
467.441 96, 439.350 80,
423.335 27; (MS® 485.33
—423.34) 393.678 07

(MS? 485.33) 467.390 72,
439.299 80, 423.420 29,
399.241 42; (MS* 485.33
—423.43) 393.330 81

6" -O-(3-4j % 115 We- £ Tk
o) v R

(7]

6"-0-(3 - Hi-3-F2HE-15] (7]
Wi~ 2T )-6""- 0] 20 Tt 407 2
R

6"-( - )-phaseoylspinosin [7]

6"-( - )-phaseoylspinosin [20]

KRA3 (GUr Rz i RIS B AR [20]
HiEw)

6" X 7 13 B iz A 2R [20]

[20]

KA4 (U Rz i RIS B TAAR [20]

HLEY)

JRRRA TR B [20]

=
e

AT A [20]

iz [20]
R 4 B [20]
R [20]
24BN (7]

T RAE S 1 [7]

(7]

TE: FORSCHOC BSOS 5 SO S M sl i DI BBy s AR R B IE 97 S R A g gy, R 2~3 [

+ 1956 -
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HO

- "MXM -H-60]"

TN T T XM - H - 901
oo T OXM - H - 12017

:OH
8 A C-HEEETR R

m/z 607 M -H] , & m/z445[M - H - Gle]
m/z427[M-H - Gle - H,0] , m/z367 [M-H-Glc -
H,0-60] , m/z337[M-H-Glc-H,0-90] , m/z325
[M-H-120-Glc], m/z307[M-H-Glc-H,0-120]. 1k
WA HES T8 Tl m/z 455 M - H] , — )%
&M m/z385 M -H-60], mz355[M-H-90] ,
m/z325[M-H-120], m/z297[M-H-120-CO] ,
m/z281 [M - H - 120 - CO - CH,] , DA LB 1R
M2y MR AR B 31 HES T I
Fm/z 813 [M - H] , 5% A m/z 607 [M - H -
sinapoyl] , m/z 427 [M - H - sinapoyl - Glc - H,0] ,
m/z 337 [M - H - sinapoyl - Glc - H,O - 90] ,
m/z 307 [M - H - sinapoyl - Glc - H,0 - 120] ", DA I
B TS 67T TR KO R A L . 455
SCHRTOHEMIAE A 7. 120 15, 18, 314051k 6,
8- AR TR (T, 4ERT) . =
HINZR-2"-O-ML A M 17 . Wil . M2y
6"- I FIEi iR . LE24. 34, 39, 42—
T8 B m/z 942 [M - H] , 943 [M - H] , 711
[M-H] , 1118 [M-H] , —ZJFiEHH I m/z 607,
445, 427 FEW R BT, 5O R 0 RIS T S A
ol, $E7R HAE C-6 b HAT R K i 25 A8 [7] (1) 45 44
BORN2AWEEEA CRIZIRE) , RIS By e v 225
FBR L &, 6, 8- BREIABER TR (X
FET-1, 48R7) AlREnY 242 ULIF 9.
3.3 IR TERRGE T

FRF AR P S 2 E Y, BR12h
AR . NERZEMSr (RATETIR . FPTR . st it
FRA AR C RS AR 1~3 . Bt ik F =
BEC. 9, 12-WIMAR R 4r AR 1. - RRFR 5% 7] 43
SSRGS 1. o WIRRFR B[R] 43 A R(E 5 2. NTH

BE S MIEATRER . - W RER K [F] 4> A RTE 5 3.
9, 12-WMAR) 4, HARM I IARIBRELEY .
AR5 06 TR LRI A4 S8 52 4 R L3 202

DL Bg 225 15 R B 64T 0 B o LR TR
RERMEGYHELES FHRLNUTEN., ¥ E
) -CH, . -OCH,. -CH,OH, -CH,,. -C,H,COOH,
-C,H,0. -CH,O %3, A5 BUAH N 1 BTk i o Herp
AW 12 F9 IR ZEINT - 5~ - 10, HBRFERH
HRAKE GRSk, BA ML R 7
(F10) o Hoks R FEEZ . W B B R TE TR
HATEZ R Wb 25 A e TR IR A
X BRI B TR BERE AT (&1 11), B
m/z 399 (1, 21.29, E 11 k@ SELAE )
m/z 415 (1, 23.88, K 11 L OS2 LRHEFT %) 43 %)
FIER R T HEFEEL (CLHLO, ) BTtk
1 HO fl f. M F g B (C,H,0,) B T4k i %
1 CHO,JFE MM E T, 45655 0, e
AW 12 W W TR, HEMALA Y 19 7T BEN g
TFHEH 8ROk G
3.4 R C-HMRFERIE (2:1) 407

G HOR A S8 AR, b 234
(PR 24 2585 2 67X 2 oK e T e il R AR IE .
BRI, SO 210 E ) Sk HIRE
1=, SRR R AL &R 1725 32ME
SoF = IE T S a5 N7 S e N U SR N CD N 1 o v
WIFEA RO R TR o ASBIFSE X R A - TR T B
W(2:01) MSEE LRI 320 5 R B A
WA R, A AT LGS AT TR C,H,0, [F] 43 S48
& (m/z387.18) $EHEF &l (EIC) ¢, 48. 52 min
FRFIT 22 HH B S B I, — TR ARG s R T A
HFE t, 48. 48 min (C,,H,.O,FF B Fik2H - 2.170) .
ShE SCHRHEI , BRDR T RA TR A R ARER
B EYRFEE™ . =98 F A B ERZS AL UE T LA
AEA (LL387. 18— i kAT =9 T4 B,
RN, B T3k m/z 32516, 325.13,
355. 15, 357. 20 B AT 7E K BRI i R = 2
BT, CHRE T mz 32513, 325.22, 355.21
(2. 357 1I3BFATAERR A - H K F (2: 1) &R
W rh PR =90 R, BVE RIVR L BRRTVRAE —E
T-m/z355. 21 b2 T 1A =B TR IEE R .
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0 OH [M-H- 120 - 120]"
[M-H- 120 -90] C1oH 307+
C,oH508* m/z 353.07
miz 383.08
- CH0,
O OH
[M-H - 120 - 60] "
CyH,,06"
m/z415.18

HO

[M-H-120]"
OH Cy3Hp 0y
pe el m/z 473.11
vicenin-1I O
[M - H] 593
- C,H,0,>

[M-H-90]
Cy4Hy30,,%"
m/z 503.12

OH

OH

M-H-60]
CasHys0y5%
m/z 533.13

(0)

e - FORHHT S B0,
B9 6,8-ZHRAFEMEARRCET-1 4R T ) ATREM RFIRE

%2 HPLC-LTQ-Orbitrap MS" S B Ak FERK R EY
= . . . ; - MS/MS*MS’ fi§
BE ymin  mET TR mRH M W2 6) NSNS WA B
[= P

1 571 [M-H] CH,0, 191.018 63 191.019 12 2.570  (MS®191.02) 172.987 30, AR/ AT 5L [9.25]
130.810 93, 128.924 96,
110.830 70, 86.88 902

2 999  [M-H] CH,0, 191.018 63  191.019 04 2,152 (MS?191.02) 172.912 54, ¥/ A [9,25]
130.917 05, 128.899 90,
110.818 39, 86.879 06

3 7239  [M-H]" C,H,0, 54322247  543.22198 -0.902 (MS?543.22) 525.254 58, 44T TR T NEEC [26-28]

499.290 89, 481.300 23, [l SEHgtd 1

445.272 77, 381.320 50
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£/min

BT

5FX

BB

SEE

ez (6)

MS/MSYMS* % J
BTFHE

M A 5 3CHik

o

10

11

124

13

14

15

16

17

18

194

20

21

22

73.76

78.01

79.08

80.10

81.00

81.79

82.23

84.93

85.84

87.24

88.18

89.86

90.68

90.85

92.14

94.35

94.79

95.41

97.77

[M-H]

[M+H]"

[M+H]"

M+H]"

[M-H]

M+H]"

[M-H]

[M+H]"

[M+H]"

[M+H]"

[M-H]

M+H]"

[M-H]

[M+H]"

[M+H]"

[M+H]"

[M+H]"

M+H]"

M- H]

C,H,0,,

297736

C,H, 0

297736 10

C,H,,0

2877347710

C,H,O

297736 710

2277286

C,,H,,0

2377287

543.222 47

401.195 87

387.180 22

531.258 86

543.222 47

531.222 47

543.222 47

389.195 87

417.190 77

515.227 56

279.231 86

401.195 87

277.216 21

433.222 08

387.180 22

537.21191

403.211 52

403.211 52

277.216 21

543.221 56

401.195 13

387.180 33

531.259 16

543.221 92

531.224 37

543.221 62

389.194 61

417.188 08

515.226 14

279.23178

401.195 13

277.216 09

433.22000

387.179 11

537.208 07

403.210 51

403.210 39

277.216 37

- 1.675

- 1.844

0.284

0.565

- 1.012

3.577

- 1.565

-3.237

- 6.469

-2.754

-0.287

- 1.844

-0.433

-4.801

-2.867

-7.148

-2.505

-2.802

0.577

(MS? 543.22) 525.253 30,
499.298 28, 481.231 02,
445.306 21, 397.446 96
(MS? 401.20) 386.193 39,
369.194 52, 337.152 13,
331.159 97, 300.252 56
(MS? 387.18) 355.182 56,
326.233 12,310.931 12,
234.996 86, 151.148 06
(MS? 531.26) 453.280 27,
431.144 59, 387.339 78,
371.980 96, 357.069 15
(MS? 543.22) 498.243 96;
(MS? 543.22-499.35)
481.246 61, 379.760 31;
(MS® 543.22441.23)
423.292 08, 339.371 98
449.194 55, 424.341 06,
423.361 05, 401.194 85,
341.137 66

(MS? 543.22) 483.233 83,
481.252 75, 441.265 99,
423.244 87, 379.169 31
374.172 21, 358.172 06,
342.145 84, 319.117 16,
287.056 03

399.179 60, 268.108 55,
154.989 90; (MS’ 399.18)
369.223 91, 330.161 07,
(MS? 515.23) 469.236 15,
385.150 09, 355.146 67,
323.113 16, 297.062 93
(MS?279.23) 261.260 53,
259.029 02, 243.230 29,
234.993 65, 233.280 43
(MS? 401.20) 386.203 70,
369.190 64, 337.178 77,
331.142 94, 300.159 85
(MS? 277.22) 275.275 30,
259.146 33, 233.210 24,
208.727 91, 179.054 78

415.174 19, 400.182 25,
384.156 10, 369.168 82,
353.137 76

368.160 92, 357.169 46,
355.153 05,311.129 09,
235.168 64

(MS® 537.21) 437.227 54,
415.190 37, 371.149 11,
340.221 98, 258.785 98

(MS>403.21) 388.188 48,
371.148 04, 356.124 69,
340.129 79, 301.106 51

(MS?403.21) 388.187 23,
371.185 76, 356.240 66,
331.143 52,317.257 17

(MS? 277.22) 275.210 08,
259.279 60, 233.272 31,
208.745 36, 179.097 15

Beg R NERC [26-28]
y-HRFER [29]
XAKFEL /L /MM, [30]
551

ALK Q/ [29]
CEEBKY Q

P TR T AR C [26-28]
[l 757 fg s 2

K D [31]

PR T NBRC  [26-28]
[ 53 SRk 3

KT [32]

’s

TRTEEL s

MK P [33]

9, 12- 3 JH1 12 [R) 43 5 A4 {4 [27-28]

A1

ENUS a3 [29]

o= 0 JFR R =[] 3 S 1 14 [27-28]

551

AR EEH [34-35]

XKL /L/M/M, [30]
fi52

TRTBER SR G 2

t
Ir

HIRF B [37]

KoKE K, [36]

- RRIRE A 73 S F A [27-28]

fFz2
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Wmin  RET ATR NG S

w5 MY “;S%,flésgﬁ 4 WML A4

9822 [M+H]" C,H,O, 40321152 40321069

24" 98.49 [M+H]" 51522756 51522632

25 99.69 [M+H]" 515.227 56 515.226 07

26 101.31 [M+H]" 387.180 22 387.179 26

27" 10355 [M+H]" 41722717  417.226 01

28 10572 [M+H]" 401.195 87 401.195 07

29 106.31 M+H]" 401.195 87 401.195 10

2377286

30° 10761 [M+H]' C,H,0, 38516456  385.163 57

31 109.94 [M-H] 277.216 21 277.215 94

32 11352  [M-H] 279.231 86 279.231 87

-2.058 (MS’403.21) 388.159 36,
371.184 54, 356.208 95,

340.166 14, 331.117 03

(MS’ 515.23) 469.228 33,
385.144 35, 355.216 19,
343.108 76, 323.116 09

ok KK,

- 2.407 FRTFER 2/ FERTH [40]

-2.892 (MS?515.23)469.24243, % KFE
385.164 86, 355.212 22,

323.104 43, 316.221 19

[33]

-2479 (MS’ 387.18-357.20)
326.161 71, 234.960 60,
221.113 83, 180.991 27,

136.927 11

402.193 91, 370.185 03,
361.164 86, 347.167 24,
316.156 25

(MS? 401.20) 383.210 33,
368.536 04, 353.256 23,
325.159 21,314.434 78

(MS? 401.20) 386.186 68,
371.185 73, 331.123 99,
300.062 96, 273.117 74

T (FRTEB) [37]

-2.769 HRFHER [27]

- 1.994 ROKFER [29,31]

-1.919 KoKEN [41]

-2.570  370.171 36, 315.085 66;
(MS? 385.16) 355.141 85;
(MS® 385.16315.11)

300.141 94, 285.019 35

HRTFHE [27]

-0.974 (MS®277.22) 275.331 60,
259.228 91, 257.468 44,

233.195 56, 179.087 68

- RFR R R S A iR [27-28]
{5453

0.036  (MS®279.23) 261.181 34,
259.208 31, 243.120 24,
154.679 17, 82.953 38

9,12-\F iR [27-28]

B

LAKEG

SNUSSHUCEE

schisantherin A

TE: A JOKY: G IR T IR 5 M0 B. 3K G ul REM R IR .

XKEG o
gomisin G CN' m/z 415.18
M+H]"537 .

] / - G,H,0

o

C51Hy3043-
m/z 371.15

m/z 385.17

E10 XAFG.EKFEREMNARXKF GURENRBER

+ 1960 -
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109 200 399 589 7.10 10.37_1275 14
T T

0 5 10

399.18

330.11
369.07 1 439.17

15499
31609

51711
$299 26808, L P |_|I D814 | 65807 9404 7683 85536 193432 g1 40 105023 113032 14811

087

415.17

415.17

559.19

37115 . 75.1
437.16 51920

5 7
” o 637.14 71317
Lotsgoo ) 2590230013 |y agzd llzzull 1683201 767091 saz37  p370 9814 109340 119780

0 200 300 400 500 600 700 800 900 1000 1100 1200
mlz

0 200 300 400 500 600 700 800 900 1000 1100 1200
m/z

e ACIRAMRS 0T HWRTEEL . ARTERH, 8820 pgmL ) 1IEE 7R TIC; B. RGN UV 254 nm M7 ; C. FLBRTHE L% B8 A
ETREEMS R (1,21.29 min); D. TCURTER XS B IE 2 TR MS — 20 fr (1, 23. 88 min) .

11
3.5 MA[-HWTFAER (2:1) 87
AR E T S8 IE (RS, Hph 23N ES

(PR 28 3 2 67X ¥R R kT iz il AR IE .
BB AT, SO 21 M E ) Sk H IR
1=, AR R PR A S 12 3245
Ro IS IS SR 1S 7 S R N U M SN 1 o e
WIHE A RUBOR T ARG o ASBIF S0 R A - LR T & Bl
(20 1) MRS R 370 5 B PRI
WATR I, A R LG 5 JTTE CLH,,0, [7) 43 54
& (m/z387.18) $EHUE T Al (EIC) #, 48.52 min

BENBREEBEFERXTHTIC.UV(254 nm) MR & EKRFEEZ (1, 21.29 min) \ LBRFEE A (1, 23.88 min)MS —& & H

BRI 22 HH B S P T D0, — A H S ] T A
HFEt, 48. 48 min (C,,H,O, BB FiR 220 - 2.170) .
54 SCERHEN, G RIMCh KA TR A IR FARIRR
FALE W AL =B T AR S AR T LA
AR (DA387. 18— B b AT =9 i 42 L,
RN, ZHE T miz 325,16, 325.13,
355. 15, 357. 20 B 0] AE FOK - 5 AT P PR IR — 9%
BT, “HE T mz325.13, 325.22, 355.21
(2% 357 13WFATAERR AU - TR T (2: 1) &R
WP AR IR = fr, B A R LG B R
Fm/z355. 21 b2 T 14 = F IS 1) .

#3 HPLC-LTQ-Orbitrap MS" S HTRIBE R {Z-EHRTFARIRK (2: 1) PLULEWHRILEIE

& . . . ; , MS /MS® / MS* i ;
%; wmin BT AT R S RE () %¥ﬁg*m‘ HE 2 K
1 479 [M-H] CH,0, 191.018 63  191.018 94 1.628  127.003 70 ; (MS? 191.02) AR BRT
110.858 05, 92.897 52,
86.861 01, 84. 891 25
2 9.89 [M-H] CH0, 191.018 63  191.018 98 1.838  129.019 18; (MS* 191.02)  ¥ri&mz KT
130.847 81, 110.827 91,
100.769 45, 86.896 64
3 208 [M-H] C.H,0O, 289.070 66 289.070 13 - 1.849  271.04575,245.065 61,  JLZRHE/RILEHE R
231.049 76, 165.055 08,
161.045 06
4 2835 [M+H]" C,H,NO, 28614377 28614297 -2796 269.11618,254.101 94,  LL2fi A~

23722075, 209.043 8,
106.991 55

- 1961 -



2021 11 H 238 11 FIEBAF2ZS Mod Chin Med Nov. 2021 Vol.23  No. 11
&R3
& . . . ; - MS / MS*/ MS®f . -
LE minmEE O OATR O mEE SNE W2 O i WA K
Hcy
5 3484 [M+H]" C,H,NO,” 342.16998  342.16959 - 1.140 (MS’342.17297.09) PRAE TR A 2= AE T A
282.060 67, 265.040 01,
237.023 44, 206.922 00,
164.996 32
6 3880 [M+H]" C,H,0, 609.18140  609.179 63  -2.906 489.19247,447.12143,  R&EILHE-7-0H BE-
429.087 40, 327.158 54 ALY/ B BT
7 3978  [M-H] C,H,0, 607.16575  607.16321  -4.183 445.17023,427.19510,  HifiE % A~
367.135 80, 307.139 10
8 4025 [M+H]" C,LH,0, 447.128 57 447.129 49 2.050 429.08746,411.16132, MW E [y
351.091 00, 327.083 37,
297.081 09
9 4059 [M-H] C,H0, 609.14501  609.14355  -2.399  301.03430,283.08105, /7T [y
257.081 60, 245.047 97,
15103975
10 4067 [M-H]" C,H,0, 431.09727  431.09607  -2.791 395.19080,371.09335,  S4LfIE e
341.108 15, 311.039 89,
269.210 57
11" 4244 [M-H] CLH,0, 44511292 445.11423 2936 384.93399,355.06287, M E [y
297.076 32, 281.138 55
12" 4641 [M-H] C,H,0, 593.150 10 593.14905 - 1.764  533.14899,503.17578,  6,8- “BRAIANIT FAH(
473201 11,383.17047 3% (CrF7-1,
HERT)
13 4671 [M-H] C,H,0 593.150 10 593.14905 - 1.770 (MS®593.15)327.276 98,  ILZASHH-3-O-=< &Ml FRAY ™
285.009 16, 256.006 01,
255.075 23, 241.036 85
147 4708 [M-H] C,H,0, 727.18742  727.18640 - 0.654 (MS2727.18) 607.292 05, 6"-X| I ML A
445205 32,427.19589,  HiEHE
306.917 76
15 4739 [M+H]" C,H,0, 72920253 72920148 - 1.440  447.11505,429.08749,  6"-XF AR HIBE AL
351.067 41,327.08325 i
16 4848 [M+H]" C,H,0, 387.18022  387.17938  -2.170 386.17209,371.10059, X KFEL/L/M/M, FHKT
355.069 21,329.13779,  fE%51
219.173 77
177 5530 [M-H] C,H,0, 78321364  783.20886 5402 607.23773,427.194 95,  6"-BUBLELNT R MO
325.091 16, 309.917 63
18 6722 [M-H] C,H,O, 75320307 753.20361 1439 607.22705,445.18500,  6"-XI& GBI #HE MRE(-
427.197 39, 306.917 82
19 7212 [M-H] C,HO, 54322247  543.22205 - 0.773 381189 15;(MS*543.22) HEEFOFF bR F N HBRTF
52531171,49931219, M CIR4r A4k 1
481.200 56, 445.235 23
200 7236 [M+H]" C,H,O, 501.24829 50124716 -2.254  485.21548,483.23541, MA@ %ok H/AY HIRT
468.21033,401.19473 Gtk kEH
21 7347 [M-H] C,HO, 54322247  543.22186 - 1123 (MS’543.22)525.22491, HEEFMRRF ZN ART
499.27393,481.24921,  [gC
445.271 48, 397.386 29
22 7573  [M-H] C,H,0, 120559496 120559363 -1.102 1055.39343,911.33661, ME{EH A [y
749.227 84, 603.241 82,
455.168 43
23 7730 [M-H] CHO, 285.03936  285.03888 - 1.700 257.08109,229.14342,  ILZEH} [y
185.117 51, 169.013 52,
151.001 01
24 7926 [M+H]" C,H,0, 387.18022  387.18051 0.749  (MS®387.18)368.26382, X K¥EL/L/M/M, HIKTF

357.231 41, 356.177 70,
251.276 25, 235.093 41

552
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&R3
& . . ; ; - MS / MS?/ MS’ i - -
LE minmEE O OATR O mEE SNE W2 O i WA K
Hcy

25" 8080 [M+H]" C,H,O, 53122247  531.22211 - 0.678  449.23169,424.341 13, LA D HT
423.173 61, 401.190 28,
341.173 22

26 8217 [M-H] C,HO, 543.22247 54322180 - 1.233  (MS’543.22)483.27472, AN HBEF N HBRT
481.301 94,441.240 72, B C [al 5y A4 14 3
423.179 38, 379.258 06

27 8220 [M+H]" C,H,O, 531.258 86 531.25830 - 1.054 (MS’531.26)453.214 17, 4IHEE % K% QI HBRT
431.339 54,387.27588,  GUEERKFEQ
371.190 19, 357.225 77

28 8232 [M-H] C,H,O, 501.32107  501.32166 1.186  471.200 68,453.22598,  24-FR AL UNAIR R
439.182 62, 409.146 15,
379.209 59

29" 8487 [M+H]" C,H,O, 417.19077  417.18906  -4.122  399.178 80,369.168 70, TR TFELL ENUSH
353.173 98, 337.142 27,
330.108 98

300 8507 [M+H]" C,H,O, 389.19587  389.19534 - 1362 (MS®389.19)374.19229, KK¥J LeRT
358.133 21, 342.185 88,
319.114 14, 287.062 99

31 8733  [M+H]' C,H,0, 515.22756 51522595  -3.123 (MS’515.23)469.23059, HLEEEX K P AT
385.145 20, 355.155 33,
323.142 82,297.140 11

32 8814 [M-H]" C,H,0, 279.23186  279.232 15 1.039  (MS?279.23)261.26123,  9,12-. i & [F] 4 5% FIK T
259.11377,243.293 88,  MIA[FS 1
235.100 95, 233.210 17

3 971 [M-H C,HO, 27721621 27721619  -0.072  275.199 83,258.978 82,  a-WRERSK A/ 5H FIkT
233.153 63,209.044 74,  K{F%5 1
178.956 85

34 9223 [M+H]" C,H,0, 38718022  387.17917  -2.712 (MS’387.18)368.34348, X KL /L/M/M, HET
357.167 88,356.17770, {553
372.160 19, 235.215 33

335 9265 [M-H] C,H,O, 48532615 48532559 - 1.156 467.27991,423.17899,  EMWEMRIES 1 A
398.902 25, 393.190 31,
315.252 69

36" 9435 [M+H]" C,H,0, 537.21191 53720892 -5.566 437.156 68,415.174 56, TR TERTF/AK¥EG FIRT
385.164 31, 371.148 96,
340.130 52

377 9473 [M+H]" C,H,0 403.21152  403.21045  -2.654 (MS’403.21)388.177 15, FHKFH EUSH
371.197 91, 356.199 31,
340.202 97, 315.264 80

38 9509 [M+H]" C,H,0O 403.21152 40321039  -2.802 (MS”403.21)388.248 69, X KK, SNUSH
356.158 51, 331.050 69,
317.329 10 ; (MS® 403.21
—340.22) 325.162 93

39 9612 [M-H] C,H,0, 279.23186  279.231 90 0.143  (MS?279.23)261.120 18, 9, 12- 3l iR [7] 43 5 A+
259.14972,235.278 08,  HIfAfE5 2
233.152 53, 82.944 41

40 97.05 [M+H]" C,H,0, 40321152 40321072 - 1.984 (MS’403.21)388.224 43, LK K /K, SIUSSE
371.173 89, 356.202 85,
331.232 54, 317.142 64

41" 9836 [M+H]" C,H,0, 433.22208  433.222 14 0.139  415.17413,400.151 92, PR TEEH EIUSH
384.156 68, 369.169 71,
353.138 09

42" 9866 [M+H]" C,H,0, 51522756 51522595  -3.125 (MS’515.23)469.21375, Tk TFEZ/HKF HIRT
385.203 61, 355.116 82, HE]

343.248 78, 323.175 17
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48R3
& . . . Jus - MS / MS*/ MS®f . -
LE minmEE O OATR O mEE SNE W2 O i WA K
Hcy
43 99.59 [M+H]" C,H,O, 387.18022  387.17902  -3.099 (MS’387.18—357.13) TR T84 (TR TR T
326.15201,221.10947, T B)
205.205 98, 181.072 24,
136.946 29
44 99.73 [M+H]" C,H,0, 51522756 51522552  -3.959 (MS’515.23)469.24847, K K¥E KT
385.159 24, 355.217 83,
323.131 71, 316.152 59
45 103.13 [M-H] C,H,O, 485326 15 48532565 - 1.030 467.31540,439.31949,  EMAKEIES2 TR
399.346 13, 393.308 84,
315.252 53
46" 10346 [M+H]" C,H,0, 41722717  417.22583  -3.212  402.20303,370.176 85,  LBkTH ENUSH
361.164 70, 347.148 22,
316.129 82
47 10601 [M+H]" C,H,0, 385.16457  385.165 62 2.739  370.17703,315.12250;  MBRFH#E ENUSE
(MS? 385.16) 355.195 53;
(MS® 385.16—355.17)
323.154 17, 285.050 66
48" 10772 [M+H]" C,H,O, 401.19587  401.19507 - 1.994 386.21561,371.168 03,  TBKFL % T
331.110 29, 301.157 26,
300.118 62
49 10998 [M-H] CH,0 27721621 27721591 - 1.082  (MS®272.22)275.23587, a-WHRIGEK[EIZr 340 kT
259.233 64,257.28131, (k{552
233.249 33, 179.100 20
50 11352 [M-H] CH,0, 279.23186  279.231 90 0.143  (MS’279.23)261.31036, 9,122 ENUSE
259.265 56, 243.264 37,
154.875 34, 82.944 41
PRI FHOCHIF TS TR - LR T 25X 1+ 1 BC(h Y AT
WY . VI NS
. ARG T T UPLC AR SU RIS /A MTHPLC 51
— s, BAWEEEA RS YIS S BOEIE  WES, RN S R e T 143
BT, RAMMEERANLEYE SR A, £ LR TR AR SURE e T 10 A

BFR T, B AR A ELA A A
MatE S, BE ARSI . s AT A
P, BOAR SR A s FOE 6 AR O R A
PRI . B TFERBIR . R - AT 2D &
O EAT 0T, BN it AT T 2L E =& ikt
WAy FAE . FRAA T BRI P 104> 35 Al £ I 1
&Y, R 2 MEE RS (67Xt FREE A H Bt
Wi . 6" X H B R ) fEIE . s
KX ATRI R, HAy 4 & G-, 67-
BIERMEHT i 2. AT . Wi ) . 2 MY
(FRZEWR . ACZHERR) . 2 H (R BIFA. ]’
AT B) RUAE B TR AR, B
T RGE H AT R R ik &Y (R A
=R ERABYEE SN RILERERA, 7
AETHRAT, BESE AR T, X
i A A A T 45 R AT T 452

- 1964 -

g, TERRE - HR TG AR TE SRS e T 161
g, w7 HPMIRER ., AR TFER .
HIRFEEH . HIRFHE. KRR S DS
RIS AR L, PR H RSN, AR
Wil iR . AR FEEH . AR TR . AR T2 %
O o I T FR BRI s PR A 5 R T
BEH SRS AR TP BRI, SRR ESA
Gt L (P<0.01); AHBFFETE G R IR A~
BAT BHR ZE RS 2 Bon i — o H.

UEAk, ARWFFELL 80% LEEFIZK AT 1 h A el
TAREL, AT TG 7RI $
T, AR P S R AR A AR B AU
FRTE R 12, AP RORER, XOKEN,
y-HRF R (1A o- W R IR 2 [F] 43 A R i 15
) FEA RS, E— 25 Ul B DL 2 e R
BT 8 P 45 A2 o Z IR A SR, ¥ W pH ) AE
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b, BH . BRI, 52 ROK % S R Y
SO S I BT R AR AR, AESEm
A BORP I T 1A R T ARNR R B T IR ZER,
SR W At R RERE A S B s A S K
ERAT LTl

RIS, PRAYT S TR TR ARk, 1
HASRLZM | WSIER 0%k, 176 “thHia”
MG PHEBLHEURE N2, S
FRAZGxEep, B2y, TR TRy, AR
AU AT SR AT S e R, IR - R T (20 1) B
i, BARENSUREEN, HyUEEECR I T
FRA ™ TR BT, P B BC AR BIL A
AN o FU o B BTGB S5 5 TR 454 % B AR
F, WFSERRA . IR TR AT S Ao i B AL
W BT TR A A, oA AR, HEf
RO EES T, A7 B T B B P IC A T AL
5 IR 2
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