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Chemical constituents of Shenkun Yangxue Granules based on
UPLC-Q-Orbitrap HRMS
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Department of Pharmacy, Beiijng Tsinghua Changgung Hospital, School of Clinical Medicine, Tsinghua University, Beijing
102218, China

Abstract: Objective To study the chemical compositions of Shenkun Yangxue Granules. A novel ultra high performance liquid
chromatography-quadrupole/orbitrap high resolution mass spectrometry (UPLC-Q-Orbitrap HRMS) was established to rapidly and
accurately recognize the complex chemical constituents of Chinese materia medica. Methods The information of accurate mass in
Full-MS and multistage fragment ions was obtained by UPLC-Q-Orbitrap HRMS technology. Chemical constituents were identified by
comparing their relative retention times and the mass data with those of reference substances, as well as consulting the reference
literature or Chemical Book Network Database. Results Fifty-one compounds were finally identified from Shenkun Yangxue
Granules, including the organic acids, flavones, quinones, glycosides, and others. Conclusion The method established in this study
can identify various chemical constituents of Shenkun Yangxue Granules rapidly, accurately and systematically. What’s more, our
research will lay a sound theoretical foundation and scientific study idea for improving the quality control, bioactive components
recognition and further clinical application of this herbal formulation.
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£ (5 MUST-16061301). 1LZ5Wy (L5 MUST-
16032801). T=MifET 3 (4lk'5 MUST-17031005)
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T FLIE MR I 5 RO AS AR A VA
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Table 1 Chemical compositions identified in Shenkun Yangxue Granules by UPLC-Q-Orbitrap HRMS

5 A AFR tmin BRE wp) SWE mp) ER (ii) BhHET R

I LRERY CHNO, 082 17310439 173.103 64 n 4385 156077 13 [M—H—NH;J, 131.081 68 [M—H—CH,N,J be

) HERY Ce1404 083 18107176 18107091 no 4702 163.060 53 [M—H=H,0, 149.044 69 [M—H-H,0—CHJ,  «f
131033 91 [M—H—H,0—CH,~H,0, 101.023 24 [M—H—
H,0—CH,~H,0—CH,0], 71.012 58 [M—~H~H,0—CH,~
H,0—CH,0—CH,0]

3 ORATE CHO;s 156 16901424 16901347 n o 4595 12502342 [M—H—CO,]",97.028 37 [M—H—C0,~COT, f
69.033 30 [M—H—C0,~CO]

4 SHTERE  CHO 159 12500441 12502338 n o -8297  97.02831 [M—H—COJ, 81033 16 [M—H—CO,], b
69.033 22 [M—H-C0—CO]"

s kmamY CHNO, 203 16608625  166.08611 p o 0874 149.060 04 [M+H-NH;]", 13104933 M+H-NH-H,0]', b
120081 01 [M+H—HCOOH]', 103.054 62 [M+H—
HCOOH—NH;]"

6 fiB% CoHy00; 20 19704554 197.04492 no 3080 179.03433 [M—H-H,0], 151039 17 [M-H-H,0-C0],  d
135.044 20 [M—H—H,0—CO,J, 123.044 11 [M—H—-H,0—
0,~COJ

T RLAR CHO, 250 15301933 15301842 no 5960 109.028 37 [M—H—CO0,]",91.017 72 [M—H—CO,], d
81,033 32 M—H—C0,]"

8 RLKR CHO;3 340 1370441 13702353 n 7060 109.028 42 [M—H—COJ, 93.033 36 [M—H—CO,] d

9 RWAHHE CHx0; 347 49505079 495.15125 no 0910 333.097 38 [M—H—CH,0s, 195.065 35 [M—~H—CeH, 05— 2
CHO5], 137.023 53 [M—H—CeHy05s—CloH,,0,]

93.033 37 [M—H—CH,(05—C gH,0,—CO0;]

0 JUEE CysHi05 347 28907176 28907175 no 0039 24508171 [M—H—CO,]", 179.034 26 M—H—CH0,] , ¢
151.039 17 [M=H—=CH05], 137.023 57 [M—~H-CH0y]

123.044 08 M—H—C;H,0,—COT, 109.028 34 M—H—
CoHs0,]

o GER CyeHig0y 348 35308780 353.08759 no 0610 191055 51 (M=H—CgHO], 173.044 82 M—H-CH0,—  d
H,07, 161023 62 [M—H—C;H,,05]

1 CHs0, 360 17903498 179.03421 no 4312 135.04422 [M—H—C0,]", 107.049 08 [M—H—C0,~CO] af

3 RAEEY CysHi05 361 2890717 28907169 no 0247 24508189 [M—H—CO,], 205.050 28 M—H—C,H,0,], ¢
179,034 45 [M—H—CeHe0y]

14 SUkE CyHyOp 360 46308819 463.088 56 no 0538 30002771 [M—H—CH, 05, 27102493 M—H—CH 05— e f
CHOT, 243.029 71 [M—H—CeH,,0;—CHO—COT, 151.002 78
[M—H—CgH,,0s—CsHs03], 125.023 40 [M—H—C{H; 05—
CoH;0,]

15 MEAEHE CH0, 370 48117043 481.16943 p o -0448 31911777 [M+H—-CgH,g05] , 197.080 87 [M+H-CH,0s—  a

CH0,]", 151,075 38 [M+H—CgH1g05— C:H0,— CH,0,] ,
133.064 91 [M+H_C6H1005_C7H602_CH201_H20]+,
105.033 81 [M+H—C(,H1005—C7H602—CH202—HZO—CQHJ
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StEHD

KEEET0-
LR

AR

JiEg
Fapl
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of: 14

g

FHg 'Y

FImm A"

CZIHZOOIZ

C27H30015

C27H30016

Cifs04

GH0,
CsHs05

CZ7H22012

CIOHIOO4

CIXHI()OS

CZ3H28011

C‘)H1604

CZ7H22012

CZ6H22010

3N

3N

RN

RN

3.74
3.90

391

3.93

401

4.02

4.09

4.16

463.088 19

593.15119

609.146 10

167.034 98

153.019 33
151.040 06

537.103 84

195.005 18

359.077 24

481.17043

187.097 58

§37.103 84

493.114 02

463.089 42

593.148 44

609.145 51

167.034 04

153.018 36
151.039 14

§37.103 52

195.064 96

359.077 24

481.168 73

187.096 88

§37.103 88

493.114 47

n

-0.981

-5.640

-6.352
-0.640

-0.613

-0.002

-3.550

-3.753

0.057

0913

301035 31 [M—H—C¢Hy0s]", 151.003 16 [M—H—CgH05—
CsH{O4]", 125.023 40 [M—H—CeH;05— CoH,0,]”

285.040 47 [M—H—C¢H,00,—C4H,0], 151.002 82 [M—H—
CeHig0,—CeH1,05—CsHO,, 135.044 07 [M—H—CeH, 04—
CeHig0s—CH,0,4]7, 109.028 26 [M—H—CgHyg04—CHig05—
G0,

300.027 74 [M—H—CeH, 05— CoHy04], 271.024 87 [M—H—
CeH 05— CgHi04—CHOJ, 243.029 79 [M—H—CHy,05—
CeHyy0; — CHO — COJ, 178998 05 [M —H — CgHy05 —
CoHig04=CoH;05], 151002 82 [M—H—CgHy, 05— CgHyo04—
CyHs0s]

152,011 18 [M—H—CH,], 123.044 12 [M—H—CO,J,

95,049 00 [M—H—C0,—CO]"

109.028 37 [M—H—CO,J"

136,015 69 [M—H—CH,]", 123.044 02 [M—H—COT,
107.049 13 [M—H—CO,J"

493.11493 [M—H—C0,]", 339.051 06 [M—~H—CH,05] ,
295.061 34 [M—H—C0,—CgH,0s]", 185.023 82 [M—H—
0, — CyHy05 — CeHO,, 135.044 20 M—H—CO,—~
CoHyg0s— CoH, 05, 109.028 40 [M—H—C0,— CoH; (05—
CllH()O}]i
177.054 70 M+H-H,0]", 145.028 52 [M+H—H,0—CHOH]",
117033 78 [M+H—H,0—CH,0H—CO]", 89.039 04 [M+H—
H,0~CH;0H—C0—C0]°
197,045 03 [M—H—CgH0s]", 179.034 33 [M—H—CyH0s—
H,0T, 161.023 67 [M—H—CoH,05], 135.044 20 [M—H—
CoHy0s—H,0—C0,"

319.117 00 [M+H—CgHyg05] ", 197.080 89 [M+H—CH 05—
CH0,]', 179.070 33 [M+H~C¢H,005—C7H0,~H20],
151.075 49 [M+H—CH 405~ C:H,0,~ H,0—CO],

133.064 99 [M+H—CHyi05— C:H,0,~H20—CO—H,0],
105.033 89 M+H—CgH,05—C:H,0,~H,0—CO~H,0—CH,]

169.086 29 [M—H—H,0T, 125.096 17 M—H—H,0—C0,[,
97.064 61 [M—H=H,0—C0,~C;H,|"

493.114 93 (M—H—CO,J, 295061 31 M—H—CO0,~
CoH10s], 185.023 79 [M—H—C0,~CyH 05— CeHiO]
135.044 17 [M—H—C0,~ CyH;(0s—CyH,05]", 109.028 34
[M—H—CO,~CyH,j05—C;;HOs]

295.061 13 [M—H—CHy,05] , 185.023 74 [M—H—CH,05—
CeH04", 135.044 16 [M—H—CyH;005— CoH, 05, 109.028 29
[M—H—CyH,05—Cy He0s]

b,c

c,e

acf

=%
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5 k&m AFA imin ERE () KU 1%6 HHET &
(m'z) (X107)

9 RERY Colli0 425 19909758 199.096 83 3778 15510692 [M—H—CO.T, 137.09 13 M—H-CO~H,0] ¢

0 SRS GO 429 71610 TIT14587 0332 519.093 57 M—H—CyHyi0s]", 339.050 96 [M—H—CoH, 05— d
CyHs0,]7, 321.040 53 [M—H—CyH,0s = CCoHy 0],
295.061 34 [M—H=CyH,i05—CoHg0,—CO,]", 185.023 80
[M—H—CoHyy05—CyHs0,—CO,—C4H, 0, , 109.028 31 [M—
H=CyH,¢05~CyHg0,~CO,~CyyHOs]

3 EEAET CppHy0s 429 22511213 2511147 =295 207.101 55 [M+H—-H,0], 189.091 35 [M+H-H,0-H,0], ¢
161.096 27 [M+H—H,0—H,0—-CO]", 143.085 42 [M+H—
H,0—H,0—C0—H,0]"

n OkBEE CsfiOp 433 28504046 28504031 0531 151002 84 M—H—CHO,T, 133008 59 M—H-CHO,J, b, ¢,
10701277 [M=H—CyH 0, f

3 EESEM o H0, 435 28705501 287.054 32 2420 16703395 MAH-CH,O,]", 153.018 34 M+H-CHO,), ¢
107.049 56 [M+H—CgH,05]"

Mo WEE CisfigO; 436 30103537 30103513 0817 17899789 M—H—C;H0,]", 151002 8 M—H-CHO:, o f
121028 40 [M—H—CgH,05], 107.012 67 [M—H—CgH,05—
o,

35 EEREEY  CHu0; 439 28507575 285.07495 2806 270,052 09 [M+H—CHy]", 253.049 30 [M+H—CH,0H]", a
25054 49 [M+H—CH,0H—CO[', 137023 32 [M+H—CH;—
CgHSOZTr

36 AR CHO; 440 137044 137.023 35 <7790 93.033 36 [M—H—CO,], 65.038 46 [M—H—C0,—CO]’ b

M OFEE CifigOs 468 26904554 269.04544 039 15100279 M—H—-CHOT, 133008 8 M—H-CH,0), b, d,
117.033 48 M—H—C;H,0,] e f

KIS CisHiOp 475 28504046 285.04025 0741 178998 12[M—H—CHOT, 15100279 M-H-CHO,J,  af
109.028 37 [M—H—CyH,0,], 93.033 00 [M—H—CoH,05]

¥ EREEZ M0, 527 26706628 26706619 0345 252.04263 [M—H—CHJ, 223039 70 [M—H—CH,~CO, &,
195.044 65 [M—H—CH,—C0—C0], 132020 63 [M—H—CH,~
C0—C4H;0], 91.017 49 [M—H—CH,—CO—CyH,0,]

40 FIHERCE CoHWO, 549 22108193 22108124 1830 20605792 [M—H—CHJ, 177.091 60 [M—H—CO,] , d
149,096 33 [M—H—C0,—COJ, 121028 43 [M—H—C0,~
CyHT",93.033 07 [M—H—C0,~ C;Hs—COJ

A ABELMY CeH0, 610 3IL127T8 31112683 =307 293017 13 [MHH-H,0] ", 283.132 69 [M+H—CO], d
265.122 28 [M+H—CO—H,0]", 250.099 03 [M+H—C0—
H,0—CH;J", 237.127 30 [M+H—-CO—H,0—C0] ,
225.091 09 [M+H-CO—H,0—C;H,"

£ BIEREA CHO, 649 19312230 193.121 93 -1949  175.011 92 [MAH-H,0]", 147.116 8§ M+H-H,0—CO]", ¢
137059 83 [M+H—CHy", 91.054 71 [M+H—H,0-C0—
CHyJ"

# 0 THEEET  CuH0, 662 19110665 191.106 28 -1969  173.096 22 [M+H-H,0]', 145.101 22 M+H-H,0—-CO]", ¢
135.044 24 [M+H—C,Hy)"

u KEE CsfigOs 697 26904554 269.04523 SLITT 241050 37 M—H—C0] ", 225,055 33 [M—H—C0;] b
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5 k&n AFRX tmin ERE nn) TWE ) B (fj% BhHET R

4§ CHEABET CHW 0, 700 27900057 2790071 p <308 26109088 [M+H—H,0]",233.095 93 [M+H-H,0—CO], d
205.101 18 [M+H=H,0—C0—CO]", 190077 74 [M+H~-
H,0—C0—C0—CHy)"

4 Z-EANE CoHy0, 722 19110664 191.106 09 p o 2963 173.096 24 [M+H-H,0], 163.111 91 [M+H—CO]", ¢
155.085 49 M+H—H,0—H,0]", 145.101 33 [M+H-H,0—
€O, 117.070 21 [M+H—-H,0—C0—C,H,]"

4 ABE CelpO; 805 27708592 27708533 p <2132 249.090 99 M+H—CO]’, 234067 75 [M+H—CH;]", d
21,09 16 M+H=C0—C0]", 193.101 30 [M+H—CO—
€0—C0J", 178.077 74 [M+H~C0—C0—CO~CH;]"

8 RASE CollyOy 809 20714852 29714786  p 2225 279138 18 [M+H—H,0]',268.108 95 [M+H—CHO]", d
251.143 01 [M+H=H,0—CO]", 223.147 87 [M+H-H,0—
C0—C0]",209.096 37 M+H-H,0—CO—CH]"

4 fisEL Coll0y 931 20513287 29513211 p 2578 27712234 M+H-H,0]',249.127 27 [M+H-CO]", d
234.103 68 [M+H—CO—CH;J", 221132 29 [M+H-C0—-

C0]", 206.108 83 [M+H—CO—CO—CH;]", 191.085 89 [M+
H-C0—C0—CH;—CH,]"

50 wEESEY  GHG0, 1036 47134798 47134714 no 1789 45333826 [M—H—H,0[,427.358 80 M—H—COy[, f
407332 37 [M—H—H,0—HCOOH, 391300 84 M—H—
H,0—HCOOH—CH,]", 377.285 00 [M—H—H,0~HCOOH—
CH4—CH,J

s gEm CulgO; 1107 45736762 45736603  p 3481 439.356 84 M+H—H,0]",411.361 76 [M+H—H,0—CO]", f

393350 37 [M+H-H,0—-C0—H,0]"

BRI o B bS: M dSFS e B LU oA FHAL p-EE TR

“Identified with reference substance; a-Scutellariae Radix; b-Codonopsis Radix; c-Angelicae Sinensis Radix; d-Salviae Miltiorrhizae Radix et Rhizoma; e-

Leonuri Herba; f-Patrinia scaniosaefolia; n-negative ion mode; p-positive ion mode
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Fig. 3 MS fragmentation pathways of chlorogenic acid
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Fig.4 MS fragmentation pathways of calycosin
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Fig. 5 MS fragmentation pathways of dihydrotanshinone I
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Fig. 6 MS fragmentation pathways of oxypaeoniflora
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