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UPLC-MS/MS Multi-Index Component Analysis of Red Ginseng Combined with Chemometrics and EW-
TOPSIS Method to Evaluate the Quality of Shenmai Granules

LIU Yaru'?, LEI Rong”* , SU Jian®, LIU Yongli'** (1. Hebei Medical University, Shijiazhuang 050017, China; 2. Hebei Key
Laboratory for Quality Evaluation and Standard of Traditional Chinese Medicine, Hebei Institute for Drug and Medical Device Conirol ,
Shijiazhuang 050227, China)

ABSTRACT : OBJECTIVE To establish a UPLC-MS/MS method for simultaneous determination of 14 components in Shenmai gran-
ules, and analyze the quality differences of red ginseng feed from different manufacturers. METHODS  Shimadzu Shim-pack gist C,,
(2.1 mm x 100 mm,2 pm) chromatographic column with acetonitrile-water as the mobile phase were used to determine the contents of
14 saponin components in 71 batches of Shenmai Granules. And then analyzed the main material basis affecting the difference in red
ginseng feeding in Shenmai granules combined with chemometrics and evaluated the quality of red ginseng feeding in Shenmai granules
from different manufacturers combined with EW-TOPSIS. RESULTS The concentrations of 14 components had a good linear relation-
ship (r=0.998 5) ; and the average recovery rate was 95. 6% —105.0% (RSD <4.7% ). According to the analysis of chemometrics
and EW-TOPSIS, the samples produced by the three manufacturers were grouped into three categories, among which the quality of red
ginseng feeding by manufacturer B was generally good, and the red ginseng feeding by manufacturer C was adulterated.
CONCLUSION This method is specific, sensitive, efficient, and reliable, and can be used for the quality control of Shenmai granules.
KEY WORDS: Shenmai granule; red ginseng; quality evaluation; chemometrics; EW-TOPSIS
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Tab.1 Mass spectrometry parameters of various components in

Shenmai granules

Parent ion Daughter ion Declustering Collision
Compounds

(m/z) (m/z) potential/V energy/V
Pseudoginsenoside F; 799. 6 653.7 -20 -50
Ginsenoside Rf 799. 6 637.6 -20 -45
Ginsenoside Ro 955.6 793.4 -44 -56
Ginsenoside Rb 1107.5 945.5 -20 -55
Ginsenoside Rg; 799.4 637.4 -20 -35
Ginsenoside Re 945.5 637.3 -20 -56
Ginsenoside Rd 945.5 783.5 -60 -52
Ginsenoside Rb, 1077.6 783.4 -70 -69
Ginsenoside Rbs 1077.6 783.5 -82 -67
Ginsenoside Rg, 783.6 475.5 -35 -48
Ginsenoside Rgs 783.5 621.4 -60 -42
Ginsenoside Re 1077.5 783.5 -20 -63
Ginsenoside Rhy 637.4 161. 1 -27 -20
Notoginsenoside R 931.5 637.4 -40 -50
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36.78 pg + mL~' ASHEH Rg, 37.5 pg - mL~ ASEHF
Re 36.98 pg -ml.”' A S Rd 38.51 g * mlL ™",
ANZ B AF Rb, 3801 pg - mL™' | A3 2 Rb,
35.12 pg - mL™' AZSHAF Rg, 38.97 pg - mL™' ASH
H Re 33.46 pg - mL.™'  AZ R F Rh42. 11 pg - mL™" |
ZHER, 35.82 pg - mL ') SREEFRI S AT Re, fil
NS Ro % BRI 1, 43 3] B T 250 1 50 mL i
oo H R E A, BN 2 B Re, i & W
(17.508 pg - mL™" ) FI A Z a4 Ro(95 pg - mL™")
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Fig. 1 Multiple reaction monitoring( MRM) extraction ion flow diagrams of 14 saponin components in Shenmai granules
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Tab.2 Linear inspection results of 14 components in Shenmai granules

Compounds Regression equation linear range/ng + mL ~! r Limit of quantitation/ng + mL ~!
Pseudoginsenoside Iy, Y=750.13X -1 078.3 3.44 -344 0.999 3 0. 688
Ginsenoside Rf Y =2 045.70X +3 466. 8 3.55-355 0.999 4 0.711
Ginsenoside Ro Y=969.21X +8 731. 6 7.60 -760 0.999 3 1.520
Ginsenoside Rb Y =191.86X + 11 919 41.59 -4 159 0.999 0 4.159
Ginsenoside Rg, Y =2 760. 40X + 100 048 16 —1 600 0.999 1 1. 600
Ginsenoside Re Y =736.52X +2 835.9 6.14 -614 0.999 4 0.614
Ginsenoside Rd Y =588. 80X +3 450. 8 6.16 -616 0.999 7 1.232
Ginsenoside Rb, Y =182.57X -130. 34 4.56 —456 0.999 8 4.560
Ginsenoside Rbj Y =98. 98X +32. 622 2.81 -140 0.999 4 28. 096
Ginsenoside Rg, Y =5 834.50X +5 609. 6 1.01 -101 0.999 8 0. 101
Ginsenoside Rgs Y =1531.80X -529. 84 2.80 -280 0.999 6 0. 280
Ginsenoside Re Y =319.29X +2 367.3 5.35-535 0.999 5 1.071
Ginsenoside Rh; Y=1715.50X +5 0295 10 -1 000 0.998 5 0.200
Notoginsenoside R Y =1949.90X -3 079. 6 1.07 - 107 0.999 2 0.215

49 RSD 43 % H 2. 1% .2.9% 3.1% .2.4% .1.7% .
2.1% .2.9% .2.5% .3.8% . 1.9% . 1.4% . 1.9% .
1.4% 1. 8% , FWHLR I IRTE 24 h NEUENE R 1T
2.4.5  fokERICRSIE RSB FRELC M A R

R3 SR 14 Do ERE

Tab.3 Recovery rate of 14 components in Shenmai granules

SR MRLFEA (S2)6 iy, B2 1.0 g, A% XF
Rt 4 VS i, $04 2. 3. 27 TR ik A T
WL, E AR 23 A, TE 5 [l R & RSD, 45 2R
W3,

Compounds m( Original ) /ng m( Added)/ng m( Measured ) /ng Recovery/ % RSD/%
Pseudoginsenoside Fy; 8.383 9. 632 18. 190 102. 1 1.1
Ginsenoside Rf 244. 945 231.786 485. 153 103.5 0.9
Ginsenoside Ro 809. 044 779. 000 1 604. 999 102.5 1.6
Ginsenoside Rb, 472. 663 476. 922 966. 907 103.5 1.8
Ginsenoside Rg; 81. 301 73.618 157.222 103.1 1.9
Ginsenoside Re 89.632 86. 083 179. 036 102.3 1.8
Ginsenoside Rd 232.779 226.439 460. 891 100. 4 1.9
Ginsenoside Rb, 318.999 305. 600 630.915 102.9 2.2
Ginsenoside Rbj 30. 809 29. 501 60. 960 95.6 4.0
Ginsenoside Rg, 371.276 385. 024 774.941 104.0 2.9
Ginsenoside Rgs 1 577.700 1783.715 2 972.700 103.5 4.7
Ginsenoside Re 268. 326 262. 326 537.057 102.0 2.4
Ginsenoside Rh; 124.582 126. 330 257. 460 105.0 0.4
Notoginsenoside R 9. 109 10. 030 19. 545 103.2 1.3

2.5 HgeENE

71 ALK A2 22 BURLEE i, #4222, 3. 27 0 R 5 ik
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2.6.1 IO K SE PR 14 FhR A1
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0. 85 fif, 71 HLAE ST RT3 2, AR
3R 3 A REER R R Y A W R X
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PP A 28 o & AT 40 0T, T AR FAS B
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Tab.4 Analysis of the content of 14 components in Shenmai granules from various manufacturers. ng + g

-1

A manufacturer(n =21)

B manufacturer(n =21)

C manufacturer(n =29)

Compounds — — =

Xmin Xmax X ) Xmin Xmax X ) Xmin Xmax X 8
Pseudoginsenoside I}, 8 162 28 34 0 352 116 81 191 467 328 76
Ginsenoside Rf 32 250 113 61 37 1174 401 212 16 43 29 7
Ginsenoside Ro 461 3 401 1 469 858 158 3179 1 805 578 1104 2 560 1788 389
Ginsenoside Rb; 279 6942 2 404 1 899 61 6 094 2 828 1 942 3167 15 175 6 807 2878
Ginsenoside Rg; 68 819 316 208 0 259 143 94 59 562 183 127
Ginsenoside Re 52 1332 429 367 20 624 231 171 125 1732 463 337
Ginsenoside Rd 86 3635 1 196 1032 84 2265 1 105 698 152 2679 681 534
Ginsenoside Rb, 43 2 345 871 767 26 2 665 1014 700 280 1204 647 239
Ginsenoside Rbsy 4 294 89 83 0 375 160 120 55 230 151 52
Ginsenoside Rg, 333 1379 760 274 244 3 680 852 808 268 946 661 157
Ginsenoside Rgs 804 4741 2 664 1075 845 187 53 3714 4542 800 4 055 2252 741
Ginsenoside Re 123 2 390 803 680 19 2432 1 006 679 405 1415 946 307
Ginsenoside Rh 208 520 362 92 69 556 183 117 106 298 216 45
Notoginsenoside Ry 3 117 34 28 0 47 30 16 12 105 42 23

VF + Xmin, Xmax — AR [RHH YRR 0 S5 81 85/ MRS KA 5 X — 46 BT & BRI 36 — 45 0 3 REPOATRIE(H .

Note: Xmin, Xmax — the maximum and minimum values of each ingredient in different batches; X — the average content of each compoent; § — the standard deviation of the

content of each component.
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Fig.2 Hierarchical cluster analysis( HCA) diagram of the sample of Shenmai granules
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Fig.3 OPLS-DA diagram of the sample of Shenmai granules
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Fig. 4 Marginal map of Shenmai granules
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Tab. 5

nent of Shenmai granules

Information entropy and weight of each index compo-

Compounds E; Wi/ % Compounds E; Wy %
Pseudoginsenoside Fy;  0.9654  4.17 ||Ginsenoside Rd 0.9201 9.64
Notoginsenoside R; 0.9883 1.40 ||Ginsenoside Rb, 0.9395 7.29

Ginsenoside Rf 0.859 7 16.91 ||Ginsenoside Rbs 0.9464  6.46
Ginsenoside Ro 0.9800 2.41 |[|Ginsenoside Rg, 0.9412  7.09
Ginsenoside Rb; 0.9405 7.18 ||Ginsenoside Rgy 0.9062 11.30
Ginsenoside Rg, 0.9431 6.86 ||Ginsenoside Re 0.9536 5.5
Ginsenoside Re 0.9299 8.45 ||Ginsenoside Rh; 0.956 6 5.24
2.7.3  TOPSIS ILiHEMGHERE #2050 S R [R] i fk
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PORCRE S #9084 . A OriginPro 2021 44, L) C;
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Fig. 5 Box diagram of entropy weight ranking of different man-

ufacture of Shenmai granules
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