« 2312 PR P 202448 #53% B8 Chinese Traditional and Herbal Drugs 2022 April Vol. 53 No. 8

ETRRBKARARNES TR U FHBNE R —B 5

X L2, BER4E L2 Rk L2, BT L2, fasell, RE L2, AL, x] F23, TEE2S,
H 403, 2%

1 b EAGRZERZi%0, bt 100029

2. AbEFELH K AT SEAH TR0, JEs 100029

3. b EZAKFEIL R EAM 5k, dbx 100029

7 E: BM B SAORAROS- = B EVUAAT B S (HPLC-QQQ-MS/MS) JlsE IS ki 38 Al 2o & 21N
Fik, WAEHALE AR, FE RO N — BT . 7535 HPLC SRA Zorbax Eclipse Plus Cis (50 mmXx2.1 mm, 1.8
pm) EEAE,  0.1% F ER /K IE-0.1% F BR Z S VR FE BB, BOEXT IE (L1 AME 7D, i (22 AME XD JT T8 2
SRS Cdynamic multi-response detection, dMRM), SEILZHEKEES R 38 Ff 2 B 7 1-& B . @i % 4T
(principal component analysis, PCA) FIIEAZ fiis /> —3f- 7534t Corthogonal partial least squares-discriminant analysis,

OPLS-DA), ffikizmittykia] —SE . L8 #ALH HPLC-MS/MS J7E7E 15 min 58 T 38 AN 1 [E i & 4
M1, 12 HLREE S TRLEE T 38 MEA YIS EN 34.923~47.148 mglg, Hoi 2571 S H MR B (IR B (16.718 mg/g),
HUR SR 2R AR (3.550 mo/g), 2438 1 Hh 3 8 BT . B 7 20 I e 280 0 A 5 =40 £ 43 ) 0,136 0.753 mglgs
S A H 3 Fof LE E A  F) oR R  BUAI T 0.003 mglg, Ho AR AL A )5 B 4 BUTE 0.004~2.935 mg/g.PCA 454 OPLS-DA
i T 5 ASIHEIR — BRI R K R, RO R BB UL RS2 PSR WA M S 20 1. 838
AL AR R, RESE R, NRSPRR S 6 — S0 2 i iR 4t T RHE TR AR .

KR K2Rk HPLC-QQQ-MS/MS: Fii#sil; st IR /D ZR-FHl04: P&, mEdE: SERK;
ERRIR; BRSRRER; NHERR; 251 AMEH R, HEY; BWEER; BRI, RORER C; WEFR; LT
FHEH; MR B, HEZR: MR A, BEREN,; BWEKE: RHESR, JREF UL SWER: BER; 5t
S BRPFSE; PSR PFS A BRREIR AR, KBEEE, MR, RPTHD LR, KRS LR
Bl RFEE S SR BT Sk ks RSk, RBERTEREY

FESHES: R286.02 XEFRERD: A YEHS: 0253 - 2670(2022)08 - 2312 - 12

DOI: 10.7501/j.issn.0253-2670.2022.08.007

Chemical composition determination and consistency analysis of Qishen
Granules based on liquid chromatography-mass spectrometry technology

LIU Lu-lu*2, LI Yue-ting' 2, SU Ru-bin® 2, PAN Qi-xue' 2, WEI Zu-ying*?, QU Bi-giong* 2, LIU Ming-yan*?,

LIU Jie? 3, JIA Zhi-xin? 2, XIAO Hong-bin? 3

1. School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 100029, China

2. Research Center for Chinese Medicine Analysis and Transformation, Beijing University of Chinese Medicine, Beijing 100029,
China

3. Beijing Research Institute of Chinese Medicine, Beijing University of Chinese Medicine, Beijing 100029, China

Abstract: Objective To establish a high performance liquid chromatography coupled to triple quadrupole mass spectrometry
method (HPLC-QQQ-MS/MS) for the determination of 38 main components in Qishen Granules (¥&ZBi%i), clarify their chemical
composition and analyze the consistency between batches. Methods The chromatographic separation was performed on a Zorbax
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Eclipse Plus Cis column (50 mm x<2.1 mm, 1.8 um) for gradient elution, the mobile phase was 0.1% formic acid water-0.1% formic
acid acetonitrile. The dynamic multi-response detection (dMRM) scanning mode was used in the mass spectrometry for 11 ion pairs
in positive ion mode and 22 ion pairs in negative ion mode to achieve the determination of 38 characteristic components in multiple
batches of Qishen Granules. The principal component analysis (PCA) and orthogonal partial least squares-discriminant analysis
(OPLS-DA) of each batch of Qishen Granules were carried out to obtain the components that affected the consistency between
batches. Results Based on the established HPLC-MS/MS method, the simultaneous quantitative analysis of 38 components was
completed within 15 min. The total amount of 38 compounds in 12 batches of Qishen Granules samples was 34.923—47.148 mg/g.
Among them, the content of salvianolic acid B (16.718 mg/g) in the minister medicine Dansen (Salvia miltiorrhiza) was the highest,
the second was the chlorogenic acid (3.550 mg/g) in Jinyinhua (Lonicerae Japonicae Flos). The contents of astragaloside IV and
calycosin-7-glucoside in the monarch medicine Huangqgi (Astragali Radix) were 0.136 and 0.753 mg/g. The contents of the three
diester-alkaloids in Fuzi (Aconiti Lateralis Radix Praeparata) were all less than 0.003 mg/g, and the contents of the remaining
compounds were between 0.004 and 2.935 mg/g. PCA combined with OPLS-DA screened out five components that had the greatest
impact on batch consistency, followed by astragaloside IV, astragaloside 111, cryptotanshinone, tanshinone lla and dihydrotanshinone
I. Conclusion The analytical method established in this study is specific and sensitive, which could provide scientific methods and
basis for quality control and consistency analysis of Qishen Granules.

Key words: Qishen Granules; HPLC-QQQ-MS/MS; quality control; principal component analysis; orthogonal partial least
squares-discriminant analysis; danshensu; harpagide; chlorogenic acid; neochlorogenic acid; cryptochlorogenic acid; caffeic acid;
sweroside; liquiritinapioside; liquiritin; isoquercetin; verbascoside; isochlorogenic acid C; rosmarinic acid; ononin; isoliquiritin;
salvianolic acid B; liquiritigenin; salvianolic acid A; calycosin; harpagoside; isoliquiritigenin; astragaloside III; formononetin;
glycyrrhizic acid; dihydrotanshinone I; cryptotanshinone; tanshinone I; tanshinone Ila; calycosin-7-glucoside; luteoloside;
astragaloside 1V; benzoylmesaconine; benzoylaconitine; benzoylhypacoitine; mesaconitine; aconitine; hypaconitine; isoacteoside
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Table 1 Origin and batch number of 12 batches of Qishen Granules medicinal pieces samples

e WK PAe ey SR xz HE

gL it e s e S e it R kS P fit5
S1  WAZh 80540202  Jadk 70270902 PUJIl 1801092 [ 83450501 HTIT 81140201 WME 70401102
S2  AZE 80540202  Jadbk 70270902 PYJi| 1801092 [ 83450501 #TIT 1806038  EET 1806032
S3  ZE 80540202  1iZ 1804087  PUJIl 1801092 114 1804118  #IT 81140201 WZ 1806032
S4  AZE 80540202  1iZ 1804087  PUJIl 1801092 114 1804118  HTIT 1806038  E 70401102
S5  Hik 1805034 4k 70270902 PUJII 1801092 LZ% 1804118 Wil 81140201 WEih 70401102
S6  Hk 1805034 b 70270902 PUJIl 1801092 L% 1804118  #fiT 1806038 N 1806032
S7  Hk 1805034 (7R 1804087 [U)I] 1801092 iW[F§ 83450501 Wil 81140201 WM& d 1806032
S8  Hik 1805034 7R 1804087 [U)I] 1801092 iR 83450501 Wil 1806038 N di 1806032
S9  MEH 0200918014 Ak 70270902 PUJIl 1801092 ili%4 1804118 WiVl 81140201 MNZE 1806032
S10 Wl 0200918014 Mk 70270902 PYJil 1801092 MFd 83450501 Wiyl 1806038 NZH 70401102
S11 Wk 0200918014 114 1804087  DUJI| 1801092 JmFd 83450501 iVl 81140201 WMk 1806032
S12 Wl 0200918014 1A 1804087  DYJil 1801092 1LiZR 1804118 iVl 1806038 NZH 70401102
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Table 2 Chromatographic retention time and mass spectrometry parameters of 38 components

s i m/z EAHEH MR B O i miz EAEH M B

BT FHET DBEV Rev MR BET THET TBEV Ry B

R 089 1970 1351 75 20 [M—H]|H#®Z% 565 2551 1193 125  -30 [M—H]
e 099 409.0 3634 75  -10 [M—H]|/HEE A 578 4931 1852 115 25 [M—H]
SRR 143 3531 1913 75 -5 [M—H[|E&ERH 592 2830 2680 125  -20 [M—H[
e 281 3531 1913 75 -5 [M—H] |t 6.05 4931 3454 105 -5 [M—H]
mkER 294 1790 1351 65  -15 [M—H]|RHEZX 744 2551 1193 105  -25 [M—H]
(S 314 3531 1733 85 -5 [M—H[ | fesR 766 2670 2524 135  -20 [M—H[]
EEie 372 4031 1250 75  -20 [M—H]|H#ER 910 8213 3515 255  —45 [M—HJ]
EEREMEA BT 445 4910 2833 95 15 [M—H]|HEWBEZLER 075 590.2 5405 225 40  [MA+H]
W 445 4171 2554 155 40 [M—H][ARHEESKERL 099 6043 5545 235 45  [MA+H]*
FEREH R 447 5491 2554 210  -25 [M—H]RHBEXDKER 120 5743 5425 225 40  [MA+H]
St pe R 458 4630 301.0 175 25 [M—H] |k 234 6323 5725 225 40 [MAH]
ARBREFF 462 4470 2854 175  -30 [M—H]|¥k 5 377 6163 5565 215 40  [MA+H]
FETRRE T 467 6231 1611 105  —45 [M—H]|%3kH 388 6463 5866 215 40  [MA+H]
SRS 486 6231 1611 200 35 [M—H]|EEH¥H 1210 7854 1431 185 20 [M+H]J
RaJig C 509 5150 1793 155  -35 [M—H]|&EEL I 12.30 785.4 1431 185 20 [MA+H]*
RIEAHR 515 3590 1613 105  -10 [M—H]|mIme3E 1317 3586 1392 85 20 [M+H]J
FHEH 540 4171 2554 195 20 [M—H]|[=&fIZH | 1319 2790 2333 125 25  [M+H]*
TR 543 4750 2672 95  -15 [M—H]|/IZ | 1355 277.0 2491 155 20 [M+H]
P B 548 7171 5192 145  -15 [M—H]|&SHEd 1357 2971 2513 155 30 [M+H]J
B R 554 4470 301.3 155 20 [M—H]|f}ISH lla 1385 2951 149.3 155 25 [MAH]
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MR 12-AREE 13-BEAHET W-REBEMET 15-REHER C 16-Rk&FR 17-REHHE  18-FWAER 19-71Mik B 20-1f
WE 2R A 2-TEFNE  2B-WMEMHE 24-FHEE 25-REE  26-HHER  27-RF BRI LEM  28-28 I EE SL R
29- K FIMER S SRR 30-HT 5 ki 31-UK Sk 32-53kH 33-HHIKHIH 34-EWREAF I 35-" PSS | 36-F2M | 37-FSH S
38-FFSH lla  ISI-EER R 1S2-WWk

1-danshensu 2-harpagide 3-chlorogenic  acid 4-neochlorogenic acid 5-caffeic acid 6-cryptochlorogenic  acid 7-sweroside
8-calycosin-7-glucoside ~ 9-liquiritin ~ 10-liquiritinapioside ~ 11-isoquercetin  12-luteoloside  13-verbascoside 14-isoacteoside 15-isochlorogenic
acid C  16-rosmarinic acid 17-isoliquiritin  18-ononin  19-salvianolic acid B  20-liquiritigenin ~ 21-salvianolic acid A  22-calycosin
23-harpagoside  24-isoliquiritigenin  25-formononetin  26-glycyrrhizic acid 27-benzoylmesaconine 28-benzoylaconitine 29-benzoylhypacoitine
30-mesaconitine  31-hypaconitine  32-aconitine  33-astragaloside IV~ 34-astragaloside 11l 35-dihydrotanshinone |  36-tanshinone |
37-cryptotanshinone  38-tanshinone 1o 1S1-rhodionin  1S2-indometacin

1 38T FIAFMIE S RIER () MEREER (b) BEZREEN (AMRM) &iLE
Fig. 1 dMRM chromatography of 38 components and internal standards in mixed reference solution (a) and test solution (b)
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Table 3 Linear equation, correlation coefficient, linear range, LODs and LOQs of 38 components
5% 2o R2 MV E/(ng-mL™Y)  AIIER/(ng-mL™Y) &R/ (ng-mLY)
VR Y=0.169 1 X+0.003 295 0.997 4 11.110 0~444.4000 0.4000 1.0000
e e Y=1.335 X-+0.010 71 0.9984  4.444 0~444.4000 0.1000 0.2000
SRR Y=0.0545X+0.001809  0.9990 25.000 0~10000 10.000 0 15.000 0
Pk Em Y=1.621 X+0.026 20 0.9981  4.444 0~444.400 0 2.0000 4.000 0
AP Y=0.6415X+0.000014 01 0.9983  0.500 0~50.000 0 0.2000 0.400 0
Bt R Y=0.2138X+0.002052  0.9981 4.444 0~444.400 0 0.800 0 2.0000
EEaRe Y=0.07164 X+0.0003078 0.9986  2.500 0~250.000 0 0.050 0 0.1000
BEFEMRAFEE  Y=0.554 4 X+0.005 225 0.9914  6.250 0~250.000 0 1.0000 2.0000
HE Y=0.108 3X+0.001356  0.9980  4.444 0~222.200 0 0.400 0 1.000 0
FrREH R Y=0.433 5 X+0.010 93 0.9950  4.444 0~444.400 0 2.0000 4.000 0
St R Y=0.804 9 X+0.001 549 0.9974  0.500 0~50.000 0 0.1000 0.2000
NS Y=2.420 X+0.021 92 0.9961  0.500 0~50.000 0 0.1000 0.2000
BEACHEL Y=2.031 X-+0.001 637 0.9988  0.500 0~50.000 0 0.1000 0.2000
B SRR Y=2.516 X+0.001 439 0.9975  1.250 0~50.000 0 0.1000 0.2000
AR C Y=0.376 8 X-+0.010 27 0.997 2 11.110 0~444.400 0 0.1000 0.2000
IR Y=0.779 8 X+0.005 065 0.9995  4.444 0~444.400 0 0.1000 0.2000
FH LAY Y=4.257 X+0.003 646 0.9992  0.200 0~20.000 0 0.1000 0.200 0
TARAE T Y=1.790 X+0.016 13 0.9971  2.500 0~~250.000 0 0.0250 0.050 0
FHER B Y=1.169 X+0.008 601 0.9999 25.000 0~2 500.000 0 0.0100 0.0200
HEER Y=3.290 X+0.00004261  0.9966  0.200 0~20.000 0 0.1000 0.200 0
FHER A Y=0.177 2X+0.004578  0.9988  2.500 0~2 500.000 0 1.000 0 2.0000
B85 T Y=12.34 X+0.010 60 0.9987  0.500 0~50.000 0 0.0100 0.0200
AR Y=0.049 68 X+0.0006357 0.9968  2.500 0~250.000 0 1.000 0 2.0000
FAHER Y=6.384 X+0.0008821  0.9992  0.200 0~20.000 0 0.050 0 0.1000
TARIE R Y=8.489 X+0.015 32 0.9973  0.200 0~20.000 0 0.1000 0.200 0
HEER Y=0.040 12 X+0.001381  0.9986 10.000 0~1 000.000 O 0.1000 0.500 0
FEFBER KRR Y=44.43 X+0.040 14 0.9960  2.500 0~250.000 0 0.0020 0.004 0
2% B Sk S Y=49.07 X+0.000 194 7 0.9992  0.250 0~50.000 0 0.0020 0.004 0
B SLERL  Y=86.63 X+0.036 59 0.9915 0.250 0~125.000 0 0.0020 0.004 0
T Sk Y=99.14 X-+0.001 130 0.9988  0.002 5~1.000 0 0.0005 0.0010
R KT Y=97.40 X+0.005 029 0.9989  0.1250~50.000 0 0.0100 0.0200
1 3 1 Y=143.8 X+0.001 628 0.9976  0.002 5~0.500 0 0.000 2 0.0010
HE Y=0.049 97 X+0.002770  0.9942 25.000 0~5 000.000 0 10.000 0 20.000 0
HE T I Y=0.2420X+0.005324  0.9948 10.000 0~5 000.000 0 5.000 0 10.000 0
ZEFHE Y=17.72 X+0.005 286 0.9964  1.000 0~250.000 0 0.0200 0.040 0
FEHZ:0 | Y=502.3 X-+0.289 4 0.9912  0.050 0~5.000 0 0.0200 0.0400
Fet 2 Y=95.66 X+0.287 5 0.9945  1.000 0~100.000 0 0.1000 0.2000
FHZE 1A Y=59.49 X+0.168 3 0.9973  1.000 0~100.000 0 0.0200 0.0400
3 it E SRR 38 ML o & BT L, LR 6 5 8

AT T —Fh HPLC-QQQ-MS/MS [&] st il

AN IS G A RS 1 R dMRM 434
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x4 RARESHAERT 38 MRS EMNELSR

Table 4 Content determination results of 38 components in 12 batches of Qishen Granule samples

i HU(mg-gh)

v n
i EEFHIMERT W SRR TR HERTH HKETF I 2R REFR AHEKEB MK A
Sl 0.646 0.334 0.240 0.091 0.085 0.059 1.804 1.158 15.391 0.815
S2 0.624 0.307 0.222 0.079 0.091 0.053 1.928 0.773 13.589 0.575
S3 0.668 0.341 0.194 0.068 0.072 0.047 1.646 0.747 16.276 0.505
S4 0.787 0.382 0.248 0.094 0.091 0.058 1.985 0.781 17990  0.525
S5 0.727 0.319 0.273 0.094 0.075 0.049 2.041 1.030 15.806 0.444
S6 0.636 0.286 0.234 0.078 0.059 0.047 1.834 0.932 14.128 0.546
S7 0.848 0.368 0.268 0.089 0.077 0.068 1.897 0.863 19.978 0.504
S8 0.783 0.347 0.255 0.083 0.062 0.051 1.981 0.852 21.516 0.470
S9 0.733 0.316 0.281 0.074 0.192 0.099 1.592 0.772 11.471 0.478
S10 0.825 0.419 0.313 0.090 0.243 0.124 2.038 0.916 15.611 0.642
S11 0.870 0.394 0.329 0.088 0.287 0.147 2.078 0.824 20.099 0.483
S12 0.889 0.366 0.325 0.085 0.294 0.139 2.188 0.718 18.756 0.523
. w5 $U(mg-gh)

YRS LER SIS BISE SIS I BRREE TR LER REEY KRR RHEZ R
Sl 0.032 0.003 0.039 0.013 0.296 0.003 0.089 0.002 0.012 4,714
S2 0.029 0.003 0.036 0.017 0.295 0.003 0.059 0.002 0.007 2.286
S3 0.028 0.003 0.051 0.016 0.304 0.003 0.060 0.002 0.007 2.144
S4 0.033 0.003 0.065 0.023 0.393 0.004 0.061 0.002 0.010 3.237
S5 0.029 0.003 0.032 0.014 0.346 0.003 0.042 0.002 0.009 2.506
S6 0.032 0.003 0.032 0.015 0.338 0.004 0.066 0.002 0.008 2.611
S7 0.036 0.004 0.068 0.025 0.348 0.004 0.066 0.002 0.008 2.786
S8 0.033 0.003 0.044 0.013 0.322 0.004 0.067 0.002 0.008 2.582
S9 0.024 0.003 0.032 0.018 0.313 0.003 0.045 0.001 0.007 2.031
S10 0.025 0.003 0.037 0.019 0.318 0.004 0.055 0.002 0.011 3.918
S11 0.040 0.004 0.076 0.032 0.322 0.005 0.059 0.002 0.011 2.641
S12 0.032 0.004 0.067 0.025 0.332 0.004 0.057 0.002 0.011 2.884

&4 B (mg-g )
FRHEEERSLIRT HatERR BT BRAER 44T —EfSE ) KEREEH BEERC MBI IRERE
S1 0.007 2.577 0.154 1.938 0.765 0.143 0.074 1.697 1.756 0.635
S2 0.006 2.631 0.091 2.026 0.725 0.107 0.098 1.720 0.956 0.158
S3 0.006 2.792 0.094 2.111 0.825 0.122 0.104 2.033 1.457 0.606
S4 0.007 3.363 0.088 2.608 0.997 0.185 0.154 2.667 1.494 0.220
S5 0.006 3.070 0.102 2.346 0.884 0.099 0.124 2.179 1.877 0.535
S6 0.007 3.018 0.053 2.275 0.853 0.087 0.112 2.286 1.030 0.271
S7 0.008 3.036 0.110 2.213 0.844 0.186 0.131 2.127 1.204 0.243
S8 0.008 2.932 0.058 2.140 0.778 0.128 0.108 1.986 1.213 0.205
S9 0.005 2.903 0.082 2.168 0.760 0.109 0.107 2.491 1.635 0.471
S10 0.008 3.037 0.073 2.254 0.781 0.102 0.106 2.220 0.973 0.161
S11 0.009 2.854 0.221 2.210 0.962 0.191 0.118 2.099 1.950 0.441
S12 0.008 3.003 0.077 2.484 0.891 0.192 0.119 2.370 1.376 0.366
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w4

B 4 EU(mg-g™h) 4 H (ug-g ™)

YU BRI HEY SWHEE kR SR SER BSR BW
S1 0.098 1511 3.488 0.216 0.074 2.774 0.012 0.020
S2 0.060 0.975 1.348 0.177 0.045 3.150 0.013 0.027
S3 0.059 1.118 1.340 0.145 0.046 3.411 0.007 0.013
S4 0.061 0.973 3.073 0.204 0.061 4,221 0.012 0.020
S5 0.084 0.758 2.022 0.155 0.061 3.752 0.010 0.017
S6 0.036 1.079 1.562 0.174 0.049 3.566 0.016 0.028
S7 0.076 1.153 1.656 0.164 0.045 3.554 0.013 0.024
S8 0.047 1.178 1.541 0.160 0.051 3.381 0.012 0.021
S9 0.053 0.868 1.142 0.185 0.044 3.415 0.009 0.013
S10 0.055 0.992 2.668 0.193 0.073 3.588 0.012 0.017
S11 0.139 1.144 1.480 0.189 0.066 3.595 0.014 0.016
S12 0.058 1.137 2.515 0.194 0.073 4,192 0.010 0.015
LS
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Fig. 2 Composition diagram of 38 components of Qishen Granules
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Fig. 3 PCA score graph of content determination results of
18 components in 12 batches of Qishen Granule samples

1.031 25*1[2]

-4 -2 0 2 4
1.026 76*t[1]

25

=
3

VIP [2+0+0]

|
o o
&l &l

SV 2 S SR,
R S L
S

iz
B

%
S
o
3

var ID (primary)
E 4 12 #RESHAMERYD 18 PTHASENEERN
OPLS-DA 54Y& (A) 1 VIP {&E (B)
Fig. 4 OPLS-DA score graph (A) and VIP value graph (B)
of content determination results of 18 components in 12
batches of Qishen Granule samples
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