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Identification of Chemical Constituents in Chaishi Tuire Granules by
UPLC-ESI-Q-TOF-MS/MS

YANG Li', YUAN Feng-rui’, CAO Lan'", DUAN Ye-lin', ZOU Meng', ZHANG Yong', HE Jun-wei"
(1. Jiangxi University of Chinese Medicine, Nanchang 330004, China;
2. Sinopharm Group Guangdong Medi-world Pharmaceutical Co. Ltd. , Foshan 528000, China)

[ Abstract] Objective: To rapidly identify the chemical constituents of Chaishi Tuire granules by ultra-
performance liquid chromatography-electrospray/quadrupole time-of-flight tandem mass spectrometry (UPLC-
ESI-Q-TOF-MS/MS). Method: Chromatographic separation was conducted on a Phenomenex” Luna omega C,,
column (2.1 mmx100 mm, 1.6 wm) with 0.1% formic acid aqueous solution ( A)-acetonitrile (B) as the mobile
phases for gradient elution (0-20 min, 5%-40%B; 20-40 min, 40%-95%B; 40-43 min, 95%B), the flow rate
was set at 0.3 mL-min"'. MS data were collected in positive and negative ion modes, the scanning range was m/z
150-1 500 and electrospray ionization (EST) was employed. The chemical constituents of Chaishi Tuire granules
were identified by comparing with the retention time and the mass data of the reference substances, as well as the

accurate mass, MS/MS fragment ions, mass spectrometry databases (PubChem, MassBank, ChemicalBook and
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others) and related literature. Result: A total of 85 chemical constituents were identified, including 28
flavonoids, 24 phenylpropanoids, 11 terpenoids, 10 alkaloids, 4 quinones, and 8 others. Among them, 19
constituents derived from Lonicerae Japonicae Flos, 14 constituents derived from Scutellariae Radix, 10
constituents derived from Isatidis Radix, 9 constituents derived from Taraxaci Herba, 9 constituents derived
from Forsythiae Fructus, 4 constituents derived from Bupleuri Radix, 4 constituents derived from Anemarrhenae
Rhizoma, and 4 constituents derived from Rhei Radix et Rhizoma. Conclusion: Chaishi Tuire granules is rich

in phytochemicals, which are derived from many of traditional Chinese medicines. This study can lay a

foundation for the quality control, material basis and in vivo metabolic analysis of this preparation.
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time-of-flight tandem mass spectrometry (UPLC-ESI-Q-TOF-MS/MS) ;

terpenoids; alkaloids; fragmentation pattern
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Table 1 Identification of chemical constituents in Chaishi Tuire granules by UPLC-ESI-Q-TOF-MS/MS

ftE& o . e 5 )
, ER S mlz 7R e MS )
Y /min /ppm
1 0.85 BERES 341.1090 C,H,,0, [M-H] 0.1 341.1079,179.055 6,161.045 6,89.028 8 -
2 0.88 ZEFRY 191.056 8 C,H,0, [M-H]" 3.8 191.056 4,171.030 9,127.041 3,93.038 1,85.033 7 58

3 0.98 KRR 175.118 9 CH, N,0, [M+H]"

6" 14

4 111 R 116.070 4 C;HNO,  [M+H]
5 L1 #ERY 118.0859 C,H,NO, [M+H]
6 1.43 fRIgins 00 136.061 4 C,H,N, [M+H]"
7 146 L-EAER" 130.0499 C,H,NO, [M+H]'
8 1.47 EaEm"™ 182.0812 C,H,NO, [M+H]
9 1.58 HEBRY 132.101 6 CH, ,NO, [M+H]"

10 1.70 g 268.1040 C, H N.O, [M+H]

1077137754

1 1.79 5 284.099 1 C,,H,,N,0; [M+H]'

107713
12 215 FaTmt 169.015 1 C,H,O, [M-H]
13 2.50 7R &R" 166.086 2 C,H, NO, [M+H]"
14 292 3-JRIE-4-FRHEE4 3150721 C,H 0, [M-H]
S A
15 336 fikT " 329.0875 C,,H, 0, [M—H]
16 3.77 Sk IrRR!"! 3751300 C,H,,0,, [M-H]
17 4.00 Fraglam 353.088 1 C,,H,,0, [M-H]
18 441 Wik Fmm!" 373.1141 C,H,,0,, [M-H]
19 446 EUNHEE AT 461.166 8 C,H,0,, [M-H]
ST
20 502 S-XFERIEHEEEZE 337.0926 C,H,,0, [M-HI
TR
21 5.39 secologanoside! 389.1090 C,H,,0,, [M-H]

—0.8 337.0350,190.9425,173.041 5,163.040 9,119.053 3

-0.6 175.117 8,116.070 9,70.065 6,60.056 1 e AR
-1.4 116.070 7,70.065 2 AR AR
—2.6 118.0850,72.079 6,59.071 7,58.064 4 A AR
3.0 136.061 1,119.034 6,92.024 2 AR
—2.4 84.044 0,70.064 6,56.049 0 B AR
0.3 182.0910,181.902 8,153.907 6,138.912 6,56.963 7 A AR
—-2.6 90.987 4,86.095 7,80.992 4,62.981 5,60.987 3 AR AR
—0.1 268.1058,136.060 4,119.033 4 A AR
0.6 224.907 2,182.899 7,152.055 6,135.028 4 A AR
5.2 169.013 8,125.027 1 /N
—0.5 120.080 0,103.053 6,84.958 8 AR AR
—-0.3 315.071 8,153.019 7,152.012 5,108.026 2,83.015 4 -
—1.0 238.8859,167.0360,152.011 7,123.0459,108.0317 4424k
0.9 375.1289,213.077 1,169.087 9,151.077 1,125.062 4 4446
0.8 353.0876,191.057 4,179.036 0,135.047 3 SARAE

3.2 373.1158,211.060 9,193.053 2,167.072 3,149.061 2, 4x4R 4L
123.046 8,89.030 5,59.018 3

0.9 461.1656,315.107 2,205.071 0,135.045 6 LRAE
SARAE

2.9  389.106 8,345.117 7,209.044 5,183.065 5,165.055 3, 441
121.066 7,69.038 4
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gkl
e & P s = 3 g0 2
. A HEK mlz VI e BT RA MS g
Y /min /ppm
22 5.66 HE AT 583.1304 C,.H,,0,, [M-H]" 1.8 583.129 1,493.099 7,463.088 7,331.043 2,301.038 3 H+f
23 5.70 M 373.1140 C,H,,0,, [M-H] 2.8 373.113 8,193.051 5,179.056 9,167.072 9,149.062 3, 4R 4k
119.036 5,97.033 4
24 5.80 4R 353.0880 C H,0, [M-H] 0.6 353.087 1,191.056 5,179.0353,173.045 9 aHRAE
25 589 WL 4-imEBEZE e 367.1034 CH,0,  [M—H] —0.2 367.1032,193.051 6,191.067 1,149.057 6,134.0413  &4i4E
e it
26 6.09 Lt pEE" 177.020 2 C,H,0, [M-H] 4.6 177.0192,149.025 6,133.030 2,89.042 2 AT
27 622 3,6-—-0-% T 483.0775 C,H, 0, [M-H] 1.1 483.0820,331.0609,313.0544,169.013 8,125.020 8 il A%
AT
28 6.35 MmERRMY 179.035 8 C,H,0, [M-H] 4.6 179.036 1,135.047 0 AL
29 671 WMERR F AR 253.0716 C,H,0, [M-H] 3.5 253.0731,179.034 4,161.026 9,135.045 8,133.0309  jifi A%
30  6.82  secologanoside 7-methyl 403.124 6 CH,,0,, [M-H] 2.8 403.127 6,357.122 6,195.066 7,179.058 7,151.078 6, 4x4R1E
ester!"” 125.0272,113.022 4,81.046 4
31 7.20 PRAF 421.0775 C,H,,0,, [M-H] —0.4  421.078 5,403.066 8,343.047 5,331.046 4,301.035 1, I}
271.024 9,259.025 6,258.016 3
32 741 S-xf AL MR BEZE 337.0926 C(H, O, [M-H] -0.8 337.0959,191.055 6,173.043 9,145.024 6,87.018 3 4 4R 4L
TR
33 771 1,5-0-ZMIEREREZE 515.1192 CH,,0,, [M-H] -0.5  515.1179,353.086 5,335.075 6,191.057 5,179.034 5, 4411
TR 135.047 1
34 7.80 Wi b BEFHF® 403.1243 C,H,,0, [M-H] 2.0 403.1262,371.099 0,327.108 4,223.062 8,179.056 5, 4x4R4E
165.057 2,139.003 4,121.031 6
35 8.18 3-O-FMEEILZAE TR 367.103 1 C,H,,O, [M~-H] =09 367.099 3,193.048 1,191.055 3,173.045 5,134.038 8, 4 4R 1L
127.044 7,93.034 6
36 8.29 MEMBRAAT 639.193 1 C,H,0 [M-H] 1.8 639.1934,521.195 1,529.149 2,487.143 4,179.034 3, %38
161.027 9
37 855 EhIAHTY 563.1404 C,H,,0,, [M-H] —-0.4  563.1378,503.124 6,473.111 0,443.095 4,383.087 8, # %
353.064 6
38 930 HEm 473.0729 C,H,0,, [M-H] 0.8 473.074 1,311.040 0,293.028 2,219.032 1,179.034 9, A%
149.009 7,135.044 8
39 9.42 A AT 477.139 1 C,H,0,, [M-H] —0.1 477.1403,315.120 0,179.040 3,161.025 4 T
40 9.55 & A 609.1825 C,H,,0, [M-H] 0.1 609.180 5,447.1555,161.024 0 3
41 9.67 HEHME: 1 B 7552415 C,H,0,, [M-H] 1.4 755.2450,593.2126 %5
42 991 BT A 623.198 7 C,H,0,, [M-H] 0.8 623.197 4,461.165 0,443.153 5,179.036 0,161.0256 %
43 10.01 TV 609.1465 C,,H,0,, [M-H] 0.6 609.149 2,301.037 6,300.028 5 AT
44 10.17 it B 2 O 433.0772 C,H,,0,, [M-H] 1.5 433.077 5,301.032 2,300.026 5 -
45 10.23 & 2Bk 463.087 6 C,H,0,, [M-H] —1.2 463.086 9,301.039 5,300.025 7,287.054 2,149.023 9 %l
46 10.45 AGE % Z B B 477.139 7 C,H,0,, [M-H] 1.1 477.1374,315.106 6,161.025 2 i)
47 10.46 AR AT 447.0929 C,H,0,, [M-H] —0.8  447.092 5,285.038 8,284.034 3,241.055 0,151.041 6, A4 1E
107.017 2
48 10.47 HFEg A AFNY 461.0723 C,H,,0, [M-H] —0.6 461.071 1,285.039 4,113.028 1 A
49 10.54  ARBFFE-7-0-8-D- 593.1515 C,,H, 0, [M—-H] 0.5 593.1510,285.039 4 AL
AR
50 11.19 cyclo pentaleucyl 610.4190 C,;H N,O, [M+HCOO]" 2.5 610.4182,564.413 0 -
(isoleucyl)™!
51 11.28 @™ 187.0979 C,H,0,  [M-H] 1.8 187.096 8,169.086 4,125.098 2,123.083 1,97.075 1, -
57.0452
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gR1
e & P s = 3 g0 2
. AR mlz VI e BT RA MS IR
Y /min /ppm
52 1136 3,5-0- “WNMEBER: 5151194 C,H,0, [M-H] 0.2 515.1193,353.087 2,191.056 3,179.035 5,173.046 2, 44
B 135.046 1
53 11.44 KATEEY 623.1610 C,H,,0,, [M-H] 0.6 623.1570,315.052 9 -
54 11.48 centauroside!” 757.2574 C,H,,0,, [M-H] 3.2 757.2631,595.209 1,577.192 9,525.162 0,493.177 1, 4x4R4E
179.056 7,89.026 4
55 12.15  4,5-0- “WNMEBERE 515.1196 C,H,0, [M-H] 0.2  515.1184,353.0874,191.056 2,179.035 5,173.045 1, &4R 1k
BT 135.045 1
56 12.53 cyclo hexaleucyl 723.503 8 C,H,N,O, [M+HCOO] 3.1 723.5022,677.496 5 -
(isoleucyl)™!
57 13.15 @t E 345.060 7 C,,;H,,0, [M-H] 0.7 345.063 8,330.041 7,315.016 2,287.022 5,149.033 5 -
58 13.18 JFRE-7-0-TAi% 621.1096 C,H,0,, [M-H] 1.5 621.107 6,351.056 3,269.044 4 -
BT R 1)
59 13.32 A 445.078 0 C,H,,0,, [M-H] 0.8 445.076 1,269.046 3,175.025 1,113.026 3 WA
60 1333 frEx" 269.0456 CH,,0, [M-H] 0.3 269.0457,251.033 1,241.053 6,223.038 2,195.044 5, %
169.067 3
61 1444 cyclo octaleucyl 949.6724 C,H(N,O, [M+HCOO] 2.9 949.6520,903.638 5 -
(isoleucyl)™
62 14.54 HIEEEAFBII 919.493 6 C,H,0,, [M-H] 3.1 919.4940,757.432 6 JoIRs:
63 14.98 JWMEI-O-C B 407.1342 C,H,,0, [M-H] 1.3 245.0827,230.059 6,215.040 4 K
64 15.03 itk ®" 301.0356 C,;H,,0, [M-H] 0.7 301.0352,273.040 6,201.110 9,178.999 8,151.005 4 /A ¥
65 15.19 AJEHZEM 285.040 6 C,;H,0, [M-H] 0.6 285.039 6,199.040 8,175.042 3,151.005 0,133.031 0 #%*
66 15.78 PE A 459.093 5 C,H,0,, [M-H] 0.4 459.092 6,283.0612,268.038 1,175.025 6,113.026 7  #%-
67 16.83 B DUAAR I > 357.1338 C,H,,0, [M-H] 1.5 357.1327,342.115 7,313.144 7,221.082 7 i
68 17.24 4 299.0562 C,H,,0, [M-H] 0.2 299.056 7,284.0319,212.050 5,136.987 0 A
69 18.04 S lZEHPY 315.050 5 C,,H,0, [M-H] 1.8 315.049 0,300.026 7,271.028 5 -
70 18.17 A FEM 269.0456 C,H, 0, [M-H] 0.3 269.044 7,251.038 2,241.052 4,223.037 8,195.047 7, %
169.067 4,136.988 9
71 18.18 HIBRE T BT 901.4826 C,H,0, [M-H] 2.6 901.4807,739.424 9 Rk
72 18.90 FEfEK A AR 359.077 1 C,H, 0, [M-H] 2.6 359.077 0,344.054 0,329.030 9,314.006 7,286.0124, -
230.020 4,202.025 8,175.002 8,149.035 1
73 18.92 [ E H AN 253.050 6 C,;H,,0, [M-H] —0.8 253.051 6,209.063 6,143.054 0,63.039 4 B
74 20.10 FEEREH 269.0456 CH,0, [M-H] 0.2 269.044 1,240.040 7,239.034 6,183.045 8 K
75 20.86 ZEHIIR A CPY 925.516 6 C,H. .0, [M-H] 2.0 925.518 4,857.481 0 S
76 21.11 K& 283.0251 C,;H,O,  [M-H] 0.9 283.023 4,239.032 8,211.037 1,183.044 8 K
77 21.84 WEE RN 283.0614 C,H,0, [M-H] 0.8 283.059 4,268.037 1,163.005 3 A
78 22.15 RN 253.0505 C,;H,,0, [M-H] —0.5 253.051 6,209.063 6,143.054 0,63.039 4 W
79 2237 HEHIRATA 779.4599 C,H, O, [M-H] 1.5 779.459 1,617.407 5 eS|
80 22.48 A H I 373.0927 C,,H, O, [M-HI —0.6  373.093 8,358.069 3,343.047 0,328.022 8,300.022 8, # X%
285.007 9,194.994 2,169.029 9
81 22.61 TJ24LHE AN 283.0614 C,H,,0, [M-H] 0.9 283.061 1,268.036 6,211.042 7,165.991 5 DI
82 2284 T RHE-T WAL 313.0720 C,H,0, [M-HI 43 313.240 3,298.049 8,295.228 6,283.024 3,255.024 9, #%
EVR 164.982 1
83 23.40 LRI D 779.4599 C,HO,, [M-H] 1.5 779.4620,617.404 9 e
84 2437 4"-O-ZEEH:LEWIE 8214707 CLH,0, [M-H] 1.7 821.4702,779.448 0,761.463 3,617.402 9 4]
l'_'I: D[26]
85 2529 KR 269.0455 CH,,0, [M-H] =0.2 269.046 1,241.051 0,225.055 6,197.060 2 K
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32 FEAGYREE
3201 EMEIKAEY WEEERAEWTEZAET
AR, 2 — BB AR 2- 08 B 60 5 B ) 1k &
Y, K& 53 LA 8 20 5 05 4 & il 28 5 LB B
S A . T R 2SS W) B AR A RE
W, R iZ 28 A6 G W A T3 25 18 T A AR B 2 fig
A, R A BEEE O BE I S K . S
IR PBURL T %8 T 28 B XL B R B Y
22,31,37,40,43~45,47~49,53,57~60, 64~66, 68~
70,72,73,77,78 F180~82, H £ E ok [ #% AL
2yt LA AW 31, 47,59 4 (5308 17 4 A F0 A gt AT o
1k & W) 31 4% BB sk IE] (2,) o~ 7.20 min, H: 51 88 1
JF 3 BOE N m/z 421.078 5 [M—H] ™, 403.066 8 [M—
H-H,0] , 331.046 4 [M—-H-C,H,0,] ", 301.035 1
[M-H-C,H,0,]  259.025 6 [M—H-Glc] (Glc 3
IR A B ), 5T RO P IR Y g, TS O — 2
A E o R A . kAW 47 1Y £,=10.46 min, 7E
TYE K b, BT m/z 447.092 5, 285.038 8,
284.034 3,241.055 0,151.041 6,107.017 2 25 % F &5
¥, %t v [M-H],[M-H-CH,0,] ,[M—H-
CH,0,] ,[M-H-CH,0,-CO,] ,[M-H-CH,0,~
C,H,0,] % [M-H-CH,0,—C,H,0,-CO,] & T Ii¥,
550 B o, AT e O R BRI . LS 5911
%=13.32 min, 7& EST B X T W9 #E 5> ¥ B 7 N m/z
445.076 1 [M—H]", H# K & F m/z 269.046 3 Ltk
Gy FE T/ 176 MR B o B R LA A R
8 T2 T T 1 1 T) sF 55 6 Rt X6 BL 45 0 R 8 F I
WAL &9 59 WA .
322 ANREMEY ANREULAEWE X
FTA NI C-C, BTt I Z5 4, )1z /0 i T
T RS AR AAIOR R RN R R A B R A
SR AR S YR AR 2 A B E T 24 RN
REXMUEY . w5 2,15,17,19,20,24~26,
28~30,32~36,38,39,41,42,46,52,55 167, Lifk
A 38,42,52,55 9 i iE AT TS AT . kA4 38
1 £,=9.30 min, 7/£ MS/MS H1, B T m/z 473.074 1,
311.040 0,293.028 2,179.034 9, 149.009 7, 135.044 8
G BT Bk B F g [M-H] T, [M—H-
C,H0,] ,[M-H-C,H,0,~-H,0] ,[M—-H-C,H,0,—
Cc,H,0.] ~, [M—H-C,H,0,-C,H,0,] ~ Fl [M—H—
C,H,0,—C,H,0,—CO, ], 5 X B & bt X5 5 8k b &
Y38 N E R . L&Y 4211 4,=9.91 min, EST A5,
TUES T BT R mlz 623.197 4 [M—H ], it £ 1143
F R 2 0E R BURE R B m/z 461.165 0 [M—H—

CH,,0 ], B 22 1440+ H,O JE WL J 8 + m/z
443.153 5 [M—-H-C,H,,0.—H,0] , # i % C,,H,,0,
& W F B T m/z 179.036 0 [M—H-CH,,0,—H,0—
C:H,0, ], # it % 1453+ H,0 JE Wi i 25 miz
161.025 6 [M—H-CH,,0,—2H,0—C,,H,,0,] ~, £ %}
HECE O B E Ak S W 42 Ol v TR A, HoT BEY
S0 A% DL ) 45 B4 1 R

&% 52 1Y t,=11.36 min, iZ W 7E T 5 5 4 il
BERF, 754 m/z 515119 3 [M—H ] #EJ> T8 Tk,
m/z 353.087 2 [M—H-C,H,O,] Y MS* & - I , [A] B
P24 4 F 19 o Ak Bk 3E (Caffeoyl) |, A B m/z
191.056 3 [ M—2Caffeoyl-H] Fl m/z 173.046 2 [M—
2Caffeoyl-H-H,0] ~, ifi H /* 4 T m/z 179.035 5
[ Caffeic acid—H ] (Caffeic acid 3= 7~ Wl ME B2 ) A1l m/z
135.046 1 [ Caffeic acid—H—CO,] Y % b 6 . 5 %f
Wk B HE T AL A 0 520 3, 5-0- Il i 4
iz , LT R B4 24 i g A2 DL T 4% BRE R A R . RS9 S5
5 52 HAT MR 4 7 =0 ELAF B 8 A [ 4k B 2 4>
b A W L R [543 S R AR, 8 F R B X #E B Ak &
YI55K4,5-0-—MHEME L ZE TR
3.2.3 WiKAAEY  wERAG Y LIRS s =
ity N A 2 i SR8 A AE 78 S8 A R UBORE Hh 32 R
FRUBE (S8R G AR AL A 2568 o i 2808 W A TR
B0 e R A A, BEE T R DL [M-H] s (M
COOH | JE A7 0 Fr 85 LA & R BB IC 5 ol
DL S A R IR R S T 1A i R A
Y,k &% 16,18,21,23,54,62,71,75,79,83,
84, LIfbA 462,79 Fi 83 1 fl kAT &5 M % 5 . Mk
W) 62 1 EST BT it %4 95 24 m/z 919.494 0 [M—-H] ",
m/z 757.432 6 [M—H~Glc] , 5 XJ I8 i L XF )5 # 2
HoAmeka B . k&Y 79 7T W42 HE 5>+ 5
F U m/z 779.459 1 [M—H | F1 %K 14 Gle JE B
m/z 617.407 5 [M—H-Glc] # K & 7, 5 X B & H
XF i 2 AL W) R S R AL O] RE R R IR R
UL 28 BF R R L. G P 83 7E B T AR U T
FEH m/z 779.462 0 [M—H] #E /0 T B T 18 M m/z
617.404 9 [M—H-Glc] iy MS* 5 H- 14 , 51649 79
FLAG A ] B 4 fige o 72 L DU L 5 465 4 79 R RE A [R]
Gy SRR LA LA Y 83 5 S5 B AT D X R LAY
R B 1 0 o A — B, B E A B W) 83 S SE 2
D,
324 AEWE AW 2 LUE S B A
IE B T i AR 9, B RO R R T 2 D
Nyl A AR W L, ¢ oy A WY BE i FE R 26
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— AT ERIET 5 ONTAH Y 2 PR A R R R L B
ik W 0 LW A . T OSCERE B AL G
Y1 3~11,13 43 5 0 AE 2R I 2R, 45 24 1R, R g,
L-SER AR, AR, 5e AR, IR, S H FOR N &
PR o A e AH G SR, 45 A 3R SR Hh A I B 19 A=
B AL W) 32 P BEOR VR T A AR 25 4
325 MHEMAEY MEAEGWRZE -FKHAWRK
SR AL S AT, R S AR R R TR RN R
4 Fp 28R AE v 2 e DU S AT AR Ot
BRI G W AE ESTHL B 451 T 45 5 2k L HIM Al
TIPS A = R T o = 5= W =N i L
fIE S 3 1 15 - U kg R WA 9 8 TR K U 25 2 A0 T
CO, 35| M—-CO K& M—2CO 5 I K XU H, fof 15
S IR PAEORE R S T AN BUBR AL A L o Bk
IR -O-C b 25 KR KRB R R X
Le oy B R RESR IR TR E 2586 . G ) 74 T 85 7
B BN A AR R o 2 I m/z 269 [M-H] ™,
Hoh e &9 7411 C-3 7 £ K 1447 F O Fl CH ¥ hig
WE B 7 m/z 240 [M—H-CHO] ,#H E & 1 M HIE
TR B m/z 239 [M—H—COH, ], [F] i 77 4 %
B m/z 183 [M—H—COH,—2CO] . %4 %F IR 5 iy
A AT B, HE WAL 5 W 74 T0085 73 5l hy 2 25 K i &
MARBEER, ZH TR A AEWE 7, (L&Y 76
B £,=21.11 min, 7= 4= m/z 283.023 4 [M—H] #i /> T
B g, L M om/z 239.032 8 [M—H-CO,] , m/z
211.037 1 [M—H-CO,~CO] K m/z 183.044 8 [M~—
H-CO,—2CO | ) MS* i - I , 5 X BE i LU X6 i A e
R KBR , AT RE 114 24 A F A DL 069 24 B 47 bR
32,6 HMEALEY SARMERTSAHES
AL A B T IR G RSN I8 E A PLIER 2K
&Y GRS TR, 3,6-—-0- 1 1 R % b
M F R 3K 2K L A& W cyclo pentaleucyl
(isoleucyl) , cyclo hexaleucyl (isoleucyl) HI cyclo
octaleucyl(isoleucyl) ; L M JEBE , 3-8 Jk -4- ¥ 5L -OR
A A WE T
4 itig

S 1R BOSURLIT A U, kT TR YT R
PORE 5 R N AL g otk 2y
N A R e oY s WANE A 3 Bl R 3 N
S TR R AH G R A A B4 v TC A DG BIF 5T
8 A — PR B i 29 T S8 A AR BRI R
M55 . U, A B 58 LS 47 18 SURE A F
X% 4, % FHl UPLC-ESI-Q-TOF-MS/MS 4% A& % 1% 1l
F I b 2 B o3 HE AT 42 T SR AE , DA R G R N 5
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BEARALAIF 5 42 LR 22 AR B
AW 5E % F UPLC-ESI-Q-TOF-MS/MS 7£ I . fit

B BT X S8 A IR UBORE AT TR R AL 2R

B PR A L, L T 85 ANk 2E ), LS 28 4 BT

M2 24 MR ERZE LA 10 L hd, 4 4

B2 K 8 A Hofh s . o, SR b 2 DL = R

FAR FERWE ALY, a0 S B A RS R

D 5 B A M 1A W S Y 2 LA 4 0 T R Ok 1

W) B Ak G, B B AL B WA BT LB A

TSRS R R IER T E R YR

AW, WokE 2 R I 2 R R T 55 A e

G RARERNRZEAEY , 5 E 1R kiR

G WURNRAGY E, W 3,5-0-—

Wi 9 5 2 T IR, AR LR R 4, 5-O- MM R 3 %

2 5 3% R Y AL A W 2R DL R o

RN Z LA W s 0B b DLl 28 R0 B W 25 A W ol

F LA B, HIRE A B A2 SR K

MEEREMEAESY, M RER KERMAER

BOR . AP EE R ] Oy S A R UBURL Y IS 2k Ak

J8 53 5 A3 AT AR B D) 2R O SR SR AR Y

S 4 X8 a2 1 500 248z B 4355 1R FH B A DG B PR BEAT

/TS
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