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Chemical constituents in Wushen Decoction

ZHANG Min, ZHU Xianhong, SHI Yun, QIN Kunming, GAO Xun
School of Pharmacy, Jiangsu Ocean University, Lianyungang 222005, China

Abstract: Objective To study the compounds in Wushen Decoction ( F.##7%) based on UPLC-Q-Exactive Orbitrap-MS/MS
technology, and to summarize the cracking laws of different types of compounds. Methods The chromatography was performed on
ShiM-pack XR-ODS Cis column (75 mm X 3.0 mm, 2.2 um) with acetonitrile (B)-water (A) as mobile phase and gradient elution.
Volume flow rate was 0.5mL/min and column temperature was 30 ‘C. An electrospray ion source (ESI) was used to detect the extract
of Wushen Decoction by mass spectrometry in positive and negative ion modes. Results A total of 95 compounds, including 27
flavonoids, 15 phenolic acids, 11 iridoid glycosides, 5 coumarins, 5 alkaloids, 4 phenylethanol glycosides and other 28 compounds,
were identified from the extract of Wushen Decoction. The cracking laws of their main chemical components such as hyperoside,
luteolin, nechlorogenic acid, geniposide, loganin, verbascoside, isoacteoside and esculin were analyzed. Conclusion The established
method is accurate and reliable, which reveals the potential effective components of the traditional Chinese medicine compound
Wushen Decoction.

Key words: Wushen Decoction; UPLC-Q-Exactive Orbitrap-MS/MS; hyperoside; luteolin; nechlorogenic acid; geniposide; loganin;
verbascoside; isoacteoside; esculin
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Fig. 1 Total ion flow diagrams of Wushen Decoction in positive (A) and negative (B) ion modes
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Table1 Compound information of Wushen Decoction
MS/MS 7 R
5 wEY fr/min ¥R [M-+H]* [M-H] l * it
(mfz) (X107
1 IR 0.08 CigH3202 281.247 50 — - -0.024 RE MR
- 279.232 95 - -0.013
BETH 0.61  C7HeOs - 169.01424 - -0013 Mg
3 B 0.70  CsHuNO; 118.08625 - 118.086 13 0044 HWmHK
116.071 70 - —-0.016
4 T AR 235  CiHeOs 15503388 - - -0.034 Mg
- 153.019 33 153.019 41, -0.013
109.029 58
5 BRI 272 CoH1204 185.080 83 - 0029  HMERESR
- 183.066 28 - -0.012
6 JHR 3.31 C¢HsNO» 12403930 - - -0.040  HHMNEY
- 122.024 75 - -0.014
7 REX 3.49 CsHsN4O3 159.051 26 - - —-0.042 GlTes
157.036 71 -0.021
8 R 4,59 C18H3402 283.263 15 - 89.059 65, -0.024 Ha Wi Eg
133.085 85
- 281.248 60 - -0.013
9 JE L& 4.60 C7Hs09 153.99390 - -0.021
10 ] 5.32 CoH1604 189.112 13 - - -0.029 i
- 187.097 58 187.097 61, -0.012

125.097 27
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1
I 5 HEY fr/min R [M+H]* [M-H]" MSIMS 3 1%% it
(m/2) (X107
11 ETR 566  CrH10s 193.07066 - - -0.024 AT
- 191.05611 - -0.007
12 FHIEW 5.77 CioHiNOs  321.09955 - - -0.029 G UL ES
- 319.08500 - -0.019
13 HRELE 618  CoHsOs 179.03388 - 111.080 31, -0.029 HEEER
95,049 00,
119.049 15
- 177.01933  177.019 38, -0.011
133.029 53
14 FERER 6.18  CasHis00 34108670 - - -0.025 HHER
- 339.07215 - -0.015
15 FHR 651  CgHgOs 169.04953 - - -0.031 AR
- 167.03498 - -0.012
16 BRI 718  CusHz0o 34713365 - - -0.025 bz NS
- 34511910 - -0.016
17 HRETFHR 725  CiHz010 37512857 - 374.186 58, -0.003 I 2
213.075 10,
151.038 96,
79.054 25
- 37311402  373.113 86, 0
193.050 67,
149.060 84,
119.035 07
18 REW#H 726 CxHiO1s 64120761 - - -0.002 ELES
- 639.19305 - -0.003
19 FEEER 728  CioH104 19506518 - 195.065 05, -0.027 R
151.038 83,
177.054 35
- 193.05063 - -0.011
20 FHIHIE 729  CypHuO 15111174 - - -0.011 i
- 149.09718 - -0.056
21 AR 740  CuHi02 17113795 - - -0.037 B
- 169.12340 - -0.018
22 BigE 761  CisHuOs 319.04484 - - -0.012 e
- 317.03029  317.030 40, -0.001
255.030 18,
163.003 75
23 U 792 CoHsOs 181.04953 - - -0.029 R
- 179.03498  179.035 01, 0.121
135.045 21
24 BEICREH 8.03  CaHa3eOss 625.21269 - - -0.011 PV AR S
- 62319814 - -0.006
25 HEEmR 8.03  CisHisO0g 35510235 - - -0.024 YA
- 353.08780  353.086 79, -0.015

191.056 23
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e et wmin ¥R MAHF enp Y ?:jzfl‘“* (ii) .
26 HJHEMR 8.03  CiHisOg 35510235 - - 0012 A,
- 353.08780  353.088 10, -0.015
191.056 23
27 REFER 8.03  CisHisOo 35510235 - - A
- 353.08780  353.087 16, -0.015
191.056 20,
135.045 24
28 FEGFRRR 8.03  CisHisOo 35510235 - - —0.013 A
- 353.08780  353.086 85, -0.015
191.056 14,
135.045 20
29 OERHR 8.05  CisH2010 37714422 - 377.083 92, -0.003 2N e
163.039 14
- 37512967  375.128 97, -0.002
169.087 16,
113.024 48,
30 KEE 8.34  CeHw0S; 163.02458 - - —2.895 A LR K A
- 161.01002 - -2.973 &M
31 WTE 8.56  CuH120s 22507575 - 165.054 52, 0 TR
151.038 85,
95.049 07
- 22306119 - -0.030
32 REEAN 8.61  CioHsOs 193.04953 - - -0.030 HEER
33 REm= 8.61  CioHsOs 193.04953 - - -0.030 HEER
M BRI 8.65  CisH200 359.13365 - 197.080 63, -0.024 e Jii 2k
127.038 86
- 357.11910 - -0.015
35 9-8-FEAEM 8.75  CisH2010 37714422 - 377.083 92, -0.003 2N TS
163.039 14
- 37512967  375.128 97, 0
195.066 50,
151.076 48
36 BAH 8.89  CuHxO1s 59516574  — - -0.011 HE
- 59315119  — -0.006
37 HET 9.16  CsiH«O1s 65324399 - - -0.010 2N IS
B/ KTEHH 952 CiH2400 373.14930 - - -0.009 KNEET
- 37113475  371.099 73, -0.005
191.056 11,
173.045 67
39 pEEE 9.85  CisHz010 36312857 - - -0.003 2N IS
- 36111402 - 0
40 RNEERR 1003 CxH1sNOs 33713085 - - -0.028 EX/TES
41 N--FBRmE R 1008  CigHisNOs 31413868 - 314.207 12, -0.015 EX 11BN
172.107 96,
84.055 51
- 31212413 177.019 41, -0.004

285.040 68
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1
WE kAW wmn ATA MEHP e (szf% (f‘fﬁ) Yo
42 EHR 1020 CsoHaO3 45535197 - - -0.004 T
43 E[iE{F D 1022 CaxHs016 64120761 - - -0.002 EES
- 639.19305 - -0.003
44 EEFH 1040  CzHi0n 44709218 - - -0.017 EGES
- 44507763 - -0.010
45  FEZH 1053  CoH10s 167.07027 - - -0.004 Vol A ES
- 165.05571 - -0.045 e
46 sarracenin 1053  CuHuOs 227.091 40 - 165.054 57, 0 PN
107.049 03
- 22507684 - -0.030
47  T-HERFEER 10.53  CiHsOs 17705462 - 177.054 50, -0.004 HaER
149.059 51,
91.054 12
- - - -0.042
48  centauroside 1053  Cz4Has019 759.270 60 - - -0.007 IR I Tk i 25
- 757.25605 - -0.003
49 HETH 1053  CaHxO10 389.14422 . 107.049 05, -0.003 I 2
65.054 61
- 387.12967  387.128 45, 0
193.050 77,
123.045 26
50 HIRNEE 10.74  CH301s 623.19704 - - -0.011 FHEL
- 621.18249 - -0.005
51  HPEEER 11.65  CisH1Os - 285.04060  137.024 42, 0.370 RS
166.998 60
52 RS 1171 CzxH07 48131598 - - 0 LS
53 R S 1171 CaHwuOr 48131598 - - 0 e
- 47930142 - -0.014
54 BT 11.77  CaHxOss 611.16066  — - -0.002 e
- 609.146 10 609.146 12, -0.013
300.027 50,
271.024 81
55 K i B 11.85  CzHwuOs 49731089 - - -0.010 e
- 49529634 - -0.003
56  KRTER#R 11.89  CxHa0s 41917004 - - -0.010 e
57 kR 11.93  CgHsOr 193.03427 - - -0.047 HHLEE
- 191.019 72 191.019 73, -0.030
173.009 17,
85.029 57
58 b 1237 CyHis0 15514304 - - -0.011 B
- 153.12848 - -0.056
59  d-kPEE 1237 CuHis 137.13247 - - -0.052 B
- 13511792 - -0.028
60  EEME 1241 CiH1:06 301.07066 - - -0.015 e
- 299.05611 - -0.004
61  RER 1241  CasH106 301.07066 - - -0.015 e
- 299.056 11 - -0.004




* —* ﬁ 2024 5E9H $B55% $ 183  Chinese Traditional and Herbal Drugs 2024 September Vol. 55 No. 18 * 6137 ¢
1
e et wmin ¥R MAHF enp Y ?:jzfl‘“* (ii) .
62 &XHE 12.58 CisH1007 - 301.03540  151.003 68, EAES
107.013 85
63 Mk 12.64 C1sH1007 303.04992 - - -0.030 e
- 301.03537  301.035 28, -0.019
151.003 69
64  BRE 12.64 CisH1007 303.04992 - - -0.030 S kS
- 301.03537  301.035 28, -0.019
151.003 69
65  SpkIr 12.74 Ca1H20012 46510275 - - -0.005 EGES
- 463.08819  463.087 80, -0.020
300.027 56,
271.024 87
66  ARERLEIT A 12.86 CasH26011 - - - -0.017 KRR
- 47714023 - -0.010
67 12.87 CisH1207 - 31505120  243.029 90, 0.340 RS
174.032 24
68  REMETF 12.90 CasH36015 62521269 - - -0.011 KRR
- 62319814 - -0.006
69 EHER 14.18 C1sH100s 271.06009 - - -0.037 kS
- 269.04554 - -0.025
70 E¥ 14.18 C1sH100s 271.06009 - - -0.037 e
- 269.04554 - -0.025
71 HEE 14.64 CaH2NOs 35316215  — - -0.027 e
- 35114760 - -0.018
72 KRB 13.06 Ca1H20011 44910783 - - -0.017 B ES
- 447.09328  447.092 80, -0.010
284.032 68,
255.029 92
73 ERITH 13.13 CatH2:012 467.11840 - - -0.005 e
- 46510384 - -0.020
74 KEELEHB 1334 CasH2s011 47915478 - - -0.017 KRR
- 47714023 - -0.010
75 KEBHH 13.71 Co1Ha0011 44910783 - - -0.017 pES
- 447.09328  447.092 80, -0.010
284.032 68,
255.029 92
76 REFEKR B 13.87 CasH24012 517.13405 - - -0.005 AT
- 51511949 - -0.018
77 BB 13.92 CaH20014 579.17083 - 177.054 47, -0.003 e
135.043 90
- 57715627 - -0.015
78 hypolaetin-8- 14.20 CaiH0012 46510275 - - -0.005 ELEES
glucoside - 463.08819  463.087 80, -0.020
300.027 56,
271.024 87
79 REHFER A 14.97 CasH24012 517.13405 - - -0.005 iR
- 51511949 - -0.018
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g 55 wam fr/min STR [M+H]* [M-H]" MS/?:';Z)WH (f‘fﬁ) el
80 REFERC 15.20 CasH24012 51713405 - - -0.005 [
- 51511949 - -0.018
8l  mAEI 15.40 Ca2H2201 46312348 - - -0.017 S
- 46110893 - -0.010
82  AMR 15.40 CisHa40 22118999 - - -0.009 i
- 21917543 - -0.040
83  NHEER 15.55 C16H1205 28507575 - - 0 e
- 283.06119 - -0.024
84 Lk 16.91 CaH4Os 117.01823 - - -0.044 TR
- 115.00368  115.003 96, -0.016
71.013 92
85  AEEE 17.02 CisH1006 287.05501 - 287.054 84, 0.249 GitES
153.018 30,
213.054 23
- 285.04046  285.040 41, -0.004
133.029 53,
93.034 71
86  o-THkE 17.02 CisH300, 279.23185 - - -0.024 iy
87  LEm 17.02 CisH100s 287.05501 - 287.054 84, -0.016 A ES
153.018 25,
121.028 53
- 285.04046  285.040 41, -0.004
239.034 38,
133.029 53
88  BHE 17.02 C1sH1006 287.05501 - 287.054 84, -0.016 e
153.018 25,
121.028 53
- 285.04046  285.040 41, -0.004
239.034 38,
185.160 94,
133.029 53,
93.034 71
89 REZER 17.04 C16H1207 317.06557 - - -0.029 e
- 315.05102  315.051 15, -0.019
285.040 47,
177.019 36
90 A 18.27 C12H20; 20118490 - - -0.033 i
- 199.17035 - -0.017
91 SAWE 19.96 CisH260 22320564 - - -0.009 124
92 Tk 20.46 CaoHs20 - 41539453 - -0.023 e
93 B 20.53 CasHs00 41539344 - - -0.003 VU 3F =%
94 KEHAEG LT 20.68 CigHa602 28527880 - - -0.024 S
- 28326425 - -0.013
95 KR LB 20.76 CooHas02 307.26315 - - -0.022 [

H—CeH100s] 4k 0L RDA 2R 77 77 A0 m/z msaabank $805 e M SCERIRIED41S3EAT EL X, HEDIAL,
153.093 28 [IM—H—CsH405], FIRf&ZE 1 0 F CO  BWH R ARBEFMELT, 2t LK
PP m/z 271.024 90 [M—H—COT HER B 7, 2, ZWEILKE 3.
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SRIERR: d-pUB PR o DERHR: BN o BEEMTE: h-REPER.
a-luteoloside; b-hyperoside; c-chlorogenic acid; d-geniposidic acid; e-loganic acid; f-verbascoside; g-isoacteoside; h-esculin.
B2 &Y RRILE

Fig. 2 Secondary mass spectrum of compounds
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Fig. 3 Mass spectrum cracking rule of luteoloside and hyperoside
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ETSRA T HMHH SR, ORFESER. &
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HO OH ‘I

HO” "oH
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o | T
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e S———
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HO OH
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Fig. 4 Mass spectrum cracking rule of chlorogenic acid

243 WERERE S RNAEM RIS E i e hm
GRS E 2R B T 1 h i & R AE A
EFIT, BFEDERER. e FHR. 1. bk
M S, 2R EYP SRR, WA
PEEEMA . Ik ASE, K5 AR S5 A T
JUEEHE, 1E — REME AR B 5 BRI E BE R 5 -OH
FI-COOH %545, K EMNHR E T
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R, FERE AR, HES T T Ci6H21010
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CeH100s5]"~ m/z 149.060 56 [M—H—COOH] Al m/z
195.066 50 [M—H—CH¢0s] ~ m/z 151.076 48 [M—

H—COOH] . m/z 121.066 02 [M—H—OH—CH3] —
PR BT, HEW 17 SIEWNER 1 4T
BB R IE-CeH 1005 FI 2K 2 1 731 -COOH; 4l 29 5
FER 1 3 IVE B R IE-CoH 1005 J5, gkimiZk2s 1
4>F-COOH LA K -CH; F1-OH 7oA (e i 1o 45
4 Msaabank ¥ 2 S AHCSCERIT,  HEW FH v Rt e
PFHRMBEER, —iiGEILE 2, g
LK 5.

244 ROPEHRUEMRVERE ST SE 1k
FEMEZRA T HMHTHNERT, B
TR R PFHIRR. JE7H. P IeeE. %38
eI E, WEEREER. 5k
&, ROHRPER I S G e, 15 3
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SRR

m/z 195.066 50
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Fig. 5 Mass spectrum cracking rule of geniposidic acid and loganic acid

m/z 375.128 97
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3 itig
3.1 UPLC-Q-Exactive Orbitrap-MS/MS &1k
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XTI BIAR R 48 12 SR 8 AT IO N E B, AL
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Gy B EERN R, [RIE BH S48 o it 1|) . PRI
AR “ CIE-K” AE RN . X LC AN [Ff4
HIRE (0.24 0.3 0.4+ 0.5 mL/min) FIAR[FF:E (25,
30, 35140 C) #AT 7 HEH, FREW, HRR
AN 0.5 mL/min, RN 30 CH, FRMPIIGERE
U, SEEE.
32 HMWIAEFEUZERASHAR
737 f) UPLC-Q-Exactive Orbitrap-MS/MS 73 #t
JREMGE . HERHL N LA R AT S E 95 ME
EY, B 27 NI, 15 MRS 11 NI
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Fig. 6 Mass spectrum cracking rule of verbascoside and isoacteoside
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Fig. 7 Mass spectrum cracking rule of esculin

MRS 5 ANEF TR 5 ADEME, 4 MELEE RO 4 DR EY (R, T KR
RS AR EY) . Hh, FETXRRBOEE B BRR. 2 M EERXNEY (EETRMZE
W 5 PSR HE, MESE T 17 MEEY, B8 KLFR). 1"%‘)@%%%*%4\% CGRETHERD- 1
MR EY GRETER. FILRER. WHER. & DRIETRLEY (%MT*FH) AT A RS
JFIR. ZTR. AEER B, RaER A, REE EW B-WREED. 85 RBEEEE.



2024 5E9 H $55% 183  Chinese Traditional and Herbal Drugs 2024 September Vol. 55 No. 18
i3 P

* 6143 °

massbank EHIEEM D TFEF. —HHERE T
Xt FFSFEAICHR, A AL 78 MEADD.

AW %% FH UPLC-Q-Exactive Orbitrap-MS/MS
I F B AR i 25 5 7 HARZ KSR AL A kAT
ARGt Hoth%eEd o5 MLEY, ZREW,
T A 25 RN 1y R 284X 0 R A2 1 I 2 AL 2 AR
gy, HAESCRRIRE, HA BRI HIPs . PrabigiE.
DL gt R T B 3 B % e 5 A
&, MCFEMAE R T Arm v iEat, R4 E
TG I BOET T B85 T HeAd

RBAR PHGHYEARGEFZA R

S 3wk

[11 - BRLEE WREE M) WIHCHESE R, Jbat:
] PR 2 R, 1991,

[21 TR, fithizm A IREZBITIRHA T EL R E7 2
KL% NO. TNF-a. IL-18 HI5SH [7]. B A PEEE
gEA 2, 2017, 26(22): 2405-2407.

[8] ‘HBRar, BhER4, TRBRE, . WS KRR KR T
FHEB AW [J]. PR EZ ST, 2014, 32(8):
1940-1943.

[4 FRRE. BEEIEEAE HIZM N REIT T B
BT AONER [J]. PEAIGKRIE, 2020, 32(10): 1930-
1932.

[6] ZFt, 2P, R, & T B ARIE 440 R
ST PR [ AV, 2020,
43(10): 2112-2119.

[6] FAFmE, S5, =, %. 5T UPLC-Q Exactive VI
SR -UTE BT 1Bk P Yok R 2 3 7 A R L Hh T A
2 EFREY (Q-Marker) 73 fE [J]. FH¥HZY, 2017,
48(1): 67-74.

[71 EEa, kEx, X%, %, HPLC-Q-Exactive-MS/MS
PUR S B F A = TR R (0], E AR 2
%,2023, 40(21): 3005-3014.

[8] Liu G R, Qiao S, Liu T B, et al. Simultaneous

(9]

[10]

(11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

determination of 18 chemical constituents in traditional
Chinese medicine of antitussive by UPLC-MS-MS [J]. J
Chromatogr Sci, 2016, 54(9): 1540-1552.
Cheng S, Sun W, Zhao X N, efr al. Simultaneous
determination of 32 pyrrolizidine alkaloids in two
traditional Chinese medicine preparations by UPLC-
MS/MS [J]. J Anal Methods Chem, 2022, 2022:
7611501.
KR, ti, P nz, % BT UPLC-Triple-TOF-
MS 85 35K FH 5 AR 73 A 38 A o B e 1R S LR 2R Ak
SR [ 2, 2020, 51(15): 3876-3883.
TR, EETE, ROCE, S BTSRRI 4
TR SUEERE T [J]. )G, 2023, 51(3): 155-
159.
EH T, REL XIS, & I E RS B R
JEPHRR . REF R HJJHMF& ARBRREF B-15L 57§45
ML B E &R [J]. 29 IF0N 85, 2023,
46(5): 1047-1056.
JEW, wEE, BkiF, 4. 2T HPLC-Q-TOF-MS/MS %
AR B R 22 ey a3 A (3], 2, 2021,
52(8): 2226-2236.
AN, M, - RBTIE F BAR I 5 M 45 2
ﬁ%?ﬂ:ﬁda\%ﬁkﬁ)ﬁ-4 iRy T RIRIAE LA (], 5
Bl AR —HE AL, 2023, 25(12): 3866-3889.
HELEE, 2, KB, %. 3T UPLC-LTQ-Orbitrap-
MS AR 73 17 B R AL K SR B A 2 73 BN ML B 73
[J]. hEBE R 222 &, 2024, 44(8): 865-874.
THErg, FHoR, dk#E, % £ T HPLC-Q-TOF MS HI#HE
%*E&/ZJQ%ESZ’%‘)M [J/OL]. L FHZ5HE K 7 4k
(2023-11-23)[2024-09-08]. https://doi.org/10.14066/j.cnki.
cn21-1349/1.2023.0757.
REaite, Tt B, 45 3L T HPLC-Q-TOF-MS %
SE AL APAS 5 Bl A A A 27 o K HL B LR PRI 9T ().
FRELZY, 2023, 54(19): 6228-6240.
EOCHE, BUEE, UK, & URIHBERE EEE
ZHE R [J]. RS, 2024, 46(1): 161-169.
[FriEsmit T L]

RN /r
—



