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Abstract: Objective To establish a method for the identification of chemical constituents in Wushen Decoction (WSD) by UPLC-Q-
Exactive orbitrap-MS/MS, then, establish a method for the determination of six components of WSD: geniposidic acid, esculin,
caffeic acid, luteoloside, B-ecdysterone and verbascoside by HPLC. Methods Identification of chemical components in WSD by
UPLC-Q-Empirical Orbitrap MS/MS method, the separation was performed on an ACQUIFY UPLCTMBEH C,; column (100 mmx

2.1 mm, 1.7 um), the detection wavelength was 254 nm and the column temperature was 30 °C. Mass spectrum conditions:
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electrospray ion source (ESI) full sweep mode. The mobile phase was eluted by gradient elution with 0.1% formic acid water and
acetonitrile at 254 nm. Infer the relative molecular weight and elemental composition of the compound based on the molecular ions
in the primary mass spectrometry. By utilizing the secondary mass spectrometry information and comparing it with the reference
material and the compound information library in literature, the in vitro chemical composition of WSD can be inferred. HPLC
method was used to detect geniposidic acid, aesculin, caffeic acid, luteoloside, P -ecdysterone and verbascoside, Aglient Eclipse
XDB-C,4 column (150 mm x 4.6 mm, 5 mm), mobile phase consisting of 0.1% phosphoric acid water (A) - acetonitrile (B), gradient
elution, detection wavelength of 254 nm, volume flow rate of 1.0 mL-min™', column temperature of 30 °C, injection volume of
10 pL. Results A total of 71 chemical components were detected in WSD, including flavonoids, phenolic acids, triterpenoid saponins
and coumarins, according to primary, secondary and control samples by mass spectrometry. The linear relationships of the six
components were good in the concentration range, and the average recoveries were 89.6%—93.0%. The average contents of
geniposidic acid, aesculin, caffeic acid, luteoloside, f-ecdysterone and verbascoside in ten batches of samples were 2.92, 2.48, 1.72,
1.38, 2.08, and 1.77 mg g, respectively. Conclusion The established UPLC-Q-Exactive Orbitrap-MS/MS and HPLC method are
stable, reliable and can be used for the identification and content determination of the chemical constituents of WSD.
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Table3 Compound information of WSD

S5 t/min BELER a1 m MS/MS # Ji (m/z)
[M+H]" [M—H]

1 1.74 1-caffeoylquinic acid CiHsOy  355.095 6 — 191.031 5.135.152 7
2 1.94 geniposidic acid C,¢H»0,, — 373.153 1 279.232 6
3 2.08 kingiside C,H3;,N,Op, 565.1949 — 391.052 6.279.165 0
4 2.13 unknown CysH;045 — 743.190 7 —
5 6.89 chlorogenic acid C,H5s0, — 353.089 5 191.096 9
6 7.73 neochlorogenic acid C,H5s0, — 352.086 7 191.058 0
7 7.88 achyranthoside D Cs;Hg, 0,5 — 1117.5151 997.503 2.793.436 1
8  8.04 esculetin C,H0, — 178.027 1 —
9" 8.5 rutinum Cy;H;00,6 — 608.144 9 301.033 4

10 8.56 hyperoside C,H,0,, — 462.088 2 301.193 6

11 8.65 loniceri C,;,H5,045 — 592.1512 593.150 7
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4% 1/min T SR e MS/MS BEH: miz)

[M+H]" [M—HJ

12 8.69 centauroside CyHy O 759.263 8 — 595.042 8.525.163 5

13 8.71 aldosecologanin or centauroside Cy,H,04 — 759.262 7 595.203 0.525.160 3.493.167 3

14 8.76 aldosecologanin C3,Hy0 o — 756.256 0 595.051 8.525.062 8

15 878 unknown C3H05 — 625.126 6 —

16 8.80 rhoifolin C,;H;,0,, — 577.164 1 457.113 1.423.106 4.337.070 2.313.068 4
17 8.85 acteoside CyH;05 — 623.204 8 487.145 5.477.139 8.297.098 3.135.045 7
18 9.06 16a-hydroxy-lanosta-8,24(31)-dien- C,H,;O; 455.3452 — —

21-oic-acid

19 9.06 dehydrotrametenolic acid C;Hy,O5 455344 1 — 437.337 1.313.217 8.295.238 9

20" 9.14 acteoside CyH;Os — 625.2059 461.168 0.315. 111 6.161. 023 9

21 949 achyranthoside IT C,H,O5  795.408 3 — 747.392 1.673.391 0.455.351 0

22 924 baicalin C,H;:0, — 447.084 3 269.045 8.241.050 8.223.040 2.197.060 9
23 998 tryptophan C,H,)N,0, — 203.089 3 188.071 1.170.060 5.159.052 1.132.081 0
24 10.06 28-desglucosylchikusetsusaponin IV C,HsO,;  765.4352 — 631.383 1.455.351 0.339.203 2

25 10.08 L-phenylalaninosecologanin B C,sH;NO,, — 504.1953 342.130 7.324.1224.272.0927.228.103 3
26 10.13 aisochlorogenic acid A C,sH,,0,, — 514.119 5 353.0951.179.034 9

27 10.29 alonijapospiroside A C,,H;NO,, — 559.177 3 264.084 5

28 10.36 isochlorogenic acid B C,sH,,0,, — 514.119 5 353.0951.179.034 9

29 10.63  BL-phenylalaninosecologanin B C,sH;NO,, 506.1953 — 324.047 3.342.163 2

30 10.68 isochlorogenic acid C C,sH,,0,, — 514.119 5 353.0951.179.034 9

317 10.79 caffeic acid C,H;0, — 178.033 9 161.002 5.151.193 1

32 1142 ferulic acid C,H,,0, — 195.058 4 1178.0402.165.0529.121. 030 1

33 11.19 3,5-dimethoxy-benzyl alcohol-4-O- CsH,,0, 347.126 9 — —

B-D-glucopyranoside

34 11.33 D(-)-salicin C;H O, 287.1058 — —

35 11.53 achyranthoside C C,H,,0, 957.4611 — 835.442 1.793.431 0.631.382 3

36 13.04 chikusetsusaponin V CxH,0,y 9574975 — 793.432 3.569.382 3.455.341 5

37" 13.05 quercetin CsH,,0; — 300.035 3 283.091 1.201.017 1

38 1435 isorhamnetin C,H,,0, 317.0588 — 300.027 8.151.001 7.121. 026 7

39 15.29 achyranthoside E C,H70,9 — 925.450 5 793.432 3.631.383 2

40 15.65 luteolin CsH,)0, 288.050 6 — 153.0155.133.021 1

41 15.74 N-feruloyltyramine CsH,NO, 314.1319 — 177.053 2.145.023 1

42 1592 achyranthoside IV C,HgOs  793.3926 — 673.392 3.631.382 1.455.351 0

43  16.34 loniceranan B CHyO,, 419.1480 — 342.094 9

44 18.35 25R-inokosterone C,;H,,0, — 479.309 2 319.192 4.159.103 2

45 18.78 inokosterone A C,;H,,04 — 495.304 2 495.291 0.391.194 6.175.092 3

46 19.39 trametenolic acid C4H,0;4 — 455.359 7 323.2235

47 19.59 16a-hydroxydehydrotrametenolic C4H,0, — 469.339 0 —

acid T1

48 19.73 ecdysterone C,;H,,0, — 479.309 2 319.192 4.159.103 2

49  19.98 polypodine B C,;H,,04 — 495.304 1 495.291 0

50 20.77 8-epiloganic acid C;H,0,, — 389.153 1 390.152 6.227.083 5

51 20.33 dehydropachymic acid Cy;H;0O5  527.365 2 — 451.353 8

52 20.57 poricoic acid D C;H,,O, 515.3288 — 497.329 1.479.017 9
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S 1/min s g TR e MS/MS iy (/)
[M+H]" [M—HJ
53 20.59 258-inokosterone C,;H,,0, — 479.309 2 319.192 4.159.103 2
54 22.16 achyranthoside G C,;H;,05 — 955.462 2 832.442 1.793.322 3.455.356 2
55 23.24 cryptochlorogenic acid C,sH 50, — 352.086 7 191.054 4
56 24.94 oleic acid C3H;,0, — 281.2553 —
57 26.84 eburiconic acid C,H;,0, 4713765 — —
58 28.06 poricoic acid E C;H,,04 — 499.3132 482.302 1.265.291 2
59 28.14 luteolin 7-O-rutinoside C,;H;05 — 593.1590 285.153 8
60 28.24 apigenin CH,,0Os 271.0522 — 225.0554.201.055 3.151.003 6
61 28.35 29-hydroxydehydropachyymic acid C;;H;0, 543.3612 — —
62 28.72 3B-P-hydroxybenzoyl CyHs, 04 — 603.376 9 —
dehydrotumolosic acid
63 29.88 poricoic acid DM C,Hi Oy 5273456 — —
64 30.21 poricoic acid B CyH,,0O5  485.3194 — 467.014 6.449.100 2
65 30.54 hydroxyl-carboxyl phenylpropionic =~ C,,H;,05 — 209.052 2 165.055 8.121.066 1.93.034 7
acid
66 30.70 luteoloside C, H,0,, 449.100 0 — 285.040 7
67 30.95 hydroquinone O-B-D- C,H,O;, 271.090 1 — 123.045 3.93.034 7
glucopyranoside
68 31.00 N-acetyl glutamic acid-1-ethyl-5-  C,,H;;NOs; 232.110 1 — —
methyl ester
69" 31.79 oleanolic acid C3Hy505 — 458.367 6 501.3573
70 32.30 isoacteoside CyH;0 5 — 623.204 8 487.1455.477.1398.297.098 3.135.0457
71 32.32 25-hyroxypachymic acid C4;H5,04 — 5433758 527.372 1.295.239 3
5060 R O R AR A

*Identification by comparison with reference substance
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Table 4 Gradient elution program of HPLC method

t/min 0.1% BEER /K (AD/% ZME (B /%

0 92 8
10 88 12
15 80 20
20 75 25
30 64 36
35 54 46
45 92 8
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Fig. 6 HPLC specific chromatograms of six components
in WSD
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F5 HEMIFHH 6 MRS HIL MR

Table 5 Linear relationships of six components from WSD

LRV

(pg'mL™")
HETFHER Y=8 7752 X—196 533 0.999 9 28.48~356.00
FEREHE Y=6015.8 X—144 482 0.999 8 33.25~415.60
WEER - Y=21911 X—669 513 0.999 7 36.29~453.60
AREBEL Y=21124 X—457079 0.9993 29.76~371.20
-8 2 S5 Y=19 685 X—657 605 0.999 8 46.34~579.20
BT Y=29 857 X—660 686 0.999 3 30.53~381.60

(GRE7 LNEITHE R

225 AEEE OREERREUE 1R TR
KRS, 4%“2.2.27 TR J7 v il % 4138 5 R, 3%
FRC2.2.17T00 1 (i 5 1 I 4L 6 R IT AR 1 2
PR 2 2R N MERR AR -5 R S A
B S A6 B 0% i AN 1Y RSD 43 1A 1.95% 2.28%
2.37%-2.53%- 1.13%- 2.68%, 3% BH 13 #% 1) K5 % &
K47

22,6 EEME REEFECE 1RGK A Z A R
RS, $“2.2.27 TR J7 2 il £ A b VA v 6 1
2217 TUF (il S R REFE A2 AT, B P H IR &
B B U A R R Bt R S L B A e
[958 & 2 £ RSD H 7 51 8 0.60%- 1.36% 1.12%-
1.29%-1.47%+2.09% , R B Z 7 i R M R 4.
227 faENE BRI SD , 7 AHE
FI R A 0.2.4.8.12.24 h #EREN 52 , 57 B P HF
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P2 28 K2 FH 2 M MERR A J28 REEF | B 7 55 A B 8
6 EF W T AR K RSD 43 51N 1.45%1.21%1,0.56%
1.86%11.27%-1.21%, R AL ST AL 24 h W FRE M
B

2.2.8 NFEEILE REEFRELC A0S &0 SR
FLAZRE S 9y, B 0.5 g, 4256 R I i S5 6 b
R 7 2 EE N 0.8:1.151.1.2: 1, K5 58 I A
R R R R R I R $92.2.27 TR ik %

BER SISV HERE T . 45 SRR 6 Fl il 43 ST 1
B W Z %) 7 89.6%~93.0%, RSD fH 7E 4.4%~
10.4% , 3 B S ST 10 7 VA B R

229 FEEENE  FEEFRECO0HL AR A A,
A LR A, FE B2 2. 17T N s VR AT AR
PN FERI M RETH R & &, S5 R s, 10 i
FEa 6 Bl I & B 22 3 IROR, % 7 i RSD fELTE
6.69%~17.54%. MELERINFE 6,

x6 BROEEBNELR

Table 6 Results of samples content determination

B ﬁ(h‘é%%f@é/ %&Eﬁ%&/ uJJuﬂ#@%/ ﬂtﬁhﬁja“/ ﬁ-ﬁ?ﬁ&%@lﬂ/ %ﬁmﬁﬁ/ "é"ﬁ,/.
mg-g") (mg-g™) (mg-g™") (mg-g™") (mg-g™") (mg-g™") (mg-g™")
S1 3.12 2.38 1.73 1.46 2.02 1.87 12.58
S2 2.92 2.83 1.68 1.41 2.24 1.91 12.99
S3 2.92 2.72 1.31 1.28 2.52 1.75 12.50
S4 2.98 2.75 1.46 1.43 2.02 1.72 12.36
S5 1.85 2.08 1.95 1.12 1.89 1.59 10.48
S6 3.50 2.35 1.81 1.44 2.25 1.87 13.22
S7 2.70 2.43 2.32 1.52 1.96 1.87 12.80
S8 3.11 2.22 1.90 1.28 1.98 1.57 12.06
S9 3.21 1.94 1.36 1.40 2.00 1.81 11.72
S10 2.88 2.50 1.70 1.43 1.92 1.76 12.19
RSD/% 14.87 12.05 17.54 8.50 9.45 6.69
3 Wig RANEE A T SR D RESE 25 BRI, 15 T

31 BIEEHmit

WS 2 0F 7T AT T @ 57 HPLC ¥4 [ i
W5 F Az B 6 F o 1 & kAT TR R AL,
SN FEEE T HRE-IK S S -7K S FEE-0.1% B RV VL~
LE-0.1% Tl B 15 W1 56 1 LI B AH R it T o
DR SRR R . AR, BL0.1% B R
IK (A -2 (BOAE it ) AH I J2 28 A0 5 P Fat , UG B
RAF, 7 B R T N FAR

RO 39 A 2 4% R PG DU I G B, B TR
1£203.254.330 nm &5 A [FAG I A T R H D 40
G LR B0 18 I 7E 254 nm T 15 3 1 th i 16 (S B
A AR R R, B R AR, WO 254 nm
SE N LA 8 B I BRI K
3.2 IEFRMERR T RUIEEE

TE S50 I JEE /7 191, 25 Bl T € 1 24 492020 4F bl
— T R R 2R 4 B W A I
bro KK A T WA M MHER , >k B T 25071
B FHRMEBERET ,RA TR T %R
2% R0 A B B DL Bk T A TR 1 B~ 7 55 7 2
B B 2 6F 1 32 R 1 Ry, Y B R VLR L

B I CE IR R .

Lt AL R VR T RS AR AL
HTT 5 R ZGbF A Rk B2 T 1R, BRI G A TN T
92 v S A TR 25 3880 A3 AT B A R OE , A S50 R
UPLC-Q-Exactive Orbitrap-MS/MS J5 i: )25 &7 T
P AT T A A R i T
ik 50 R SR B 2 T T B T DA R R
FBS B, AN L T g A 72 AN gy,
BN IR VHE RS = R H R A EHE TR RS,
HET A FH HPLC VLR 10 i FLk37 o 7 55 S WR 25 1
6 M RN AT R JE -~V H R %5 B FH 2R WnrE R R
BHF (B R B AN B SRR DO T E BT L. 1%
7V TR AT FE W OA TR B 25800 i R A T
B LA S F S BRI PR FH 24 B 43 20 AN B 0 S
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