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Comprehensive quality evaluation of Shenmai Granules based on multi-target
ingredients of Ophiopogonis Radix combined with PLS-DA and EW-TOPSIS
method
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Abstract: Objective To comprehensively evaluate the quality of Shenmai Granules (23 #ifi, SG) from different manufacturers by
using UPLC-MS/MS method to determine the multi-indicator components of Maidong (Ophiopogonis Radix) combined with partial
least squares discriminant analysis (PLS-DA) and entropy weight (EW)-TOPSIS mothod. Methods The UPLC-MS/MS method was
used to simultaneously determine the contents of 12 Ophiopogon japonicus components, including ophiogenin-3-O-a-L-

rhamnopyranosyl-(1—2)-p-D-glucopyranoside, borneol 7-O-[B-D-apiofuranosyl-(1—6)]-B-D-glucopyranoside, ophiopojaponin C,
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ophiopojaponin D, liriope muscari baily saponins C, liriopesides B, methylophiopogonone A, methylophiopogonone B,
methylophiopogonanone A, methylophiopogonanone B, ophiopogonanone A and p-coumaric acid in 85 batches of SG from three
manufacturers. A comprehensive quality evaluation method for the Ophiopogon japonicus in SG was established using PLS-DA and
EW-TOPSIS. Results The 12 components showed good linear relationships in their own ranges. The average recovery were 95.3%—
105.3%, the RSDs were all less than 2.9%, and the precision, repeatability, and stability tests met the analytical requirements. The
samples showed significant differences, methylophiopogonanone B, ophiopojaponin D, methylophiopogonone B,
methylophiopogonanone A, methylophiopogonone A, ophiogenin 3-O-a-L-rhamnopyranosyl-(1—2)-p-D-glucopyranoside and
ophiopojaponin C were the main potential markers affecting the quality. The EW-TOPSIS method can be used to evaluate the quality
of O. japonicus used in different manufacturers’ SG. Conclusion The established multi-index ingredients quantitative determination
method is convenience and accuracy, and the combination of PLS-DA and EW-TOPSIS method can be used for the comprehensive
evaluation of the quality of Ophiopogonis Radix for feeding in SG.

Key words: Shenmai Granules; UPLC-MS/MS; Ophiopogonis Radix; partial least squares discriminant analysis; entropy weight-
TOPSIS method; ophiogenin-3-0O-a-L-rhamnopyranosyl-(1—2)-p-D-glucopyranoside; borneol 7-O-[B-D-apiofuranosyl-(1—6)]--D-

glucopyranoside; ophiopojaponin C; ophiopojaponin D; liriope muscari baily saponins C; liriopesides B; methylophiopogonone A;

methylophiopogonone B; methylophiopogonanone A; methylophiopogonanone B; ophiopogonanone A; p-coumaric acid
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AB Sciex /A #]; XPE26DR AU fifii 7 KF (0.001
mg). XS105DU A 7K~ (0.01 mg), Fiit: Mettler
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B Ll T R A AR PR A A
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% % B EF (borneol 7-O-[B-D-apiofuranosyl-(1—6)]-B-
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GistCig 7 (100 mmX2.1 mm, 2pm), WEIHANL
15-0.1% FH R /KT B eI : 0~3 min, 5%~20%
Z s 3~7min, 20%~50%Z.ff&; 7~12 min, 50%~
80% i AR E 0.3 mL/min; #1iE 40 C; #EFE
= 5 L.

2.1.2 FUEZM HEBEE TR (ESD, 1E. fiE
TR T 2 R ME T Il Cmultiple reaction

monitoring, MRM)D. WiZ H & 5500V (IE&E)
M-4500V (FAEF); BFIHIRE 550 Co &
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Table 1 Mass spectrometry parameters of 12 chemical compositions

s D% 773 F, B MRM 515} LRV il 1 B F/V
1 G R CoHs0: ESI- 163.1—~119.2 -20 -17
2 BAG C21H36010 ESI- 477.4—315.0 -17 -19
3 FXBIC CaaH70018 ESI- 885.6—>753.4 —45 —44
4 ORG C39H62014 ESI- 753.5—205.0 —46 —34
5 EILFEARTC CaaH70017 ESI* 893.1—-463.1 110 75
6 FEE A mme T A C1oH160s ESI* 342.1-219.2 42 29
7 H B A iR B C1sH1805 ESI* 327.3—219.2 40 30
8 FXBHD CasH70016 ESI- 853.5—~721.6 -56 —43
9 2 A B e I A C1oH180s ESI- 340.9—-177.0 =30 -38
10 2 A B e i B C1oH2005 ESI- 327.2—-177.0 -58 -29
11 WWFLXBHB CaoHe2012 ESI* 723.6—251.3 98 47
12 F AT A Ci18H1606 ESI* 329.1—+193.1 40 30
il B. A BH D, IIFA B By FATLE  STIERAERET

A A EE AL IR AT A R
FA TR B RS S, R, B
] R B N 4,68 20.80. 20.40. 16.00. 3.52.
6.60. 7.29. 6.15. 13.08. 5.75. 32.40. 5.76 pg/mL
(R P — o] T 8 VR, g 30 R i 28 R
FiREH] A 9.36. 124.80. 81.60. 160.00+ 14.08. 26.40.
4374, 24.60. 130.80. 34.50. 64.80. 11.52 ng/mL
P TE E 0 HEL VR o

222 HEKMERIE A BRI Z 2.0 g, K
EiRoE, BEREHVIRY, REMMAK20 mL, %
FE, BFEALEE (ThE 700 W. #iZ 80kHz) 30 min,
U, o4, e, EXERJEM 10 mL, HUERUER 10
mL, N7E Cig [FEAHA U IME (500 mg, & 6 mL,
TSE B 6 mL. 7K 6 mL ¥efiit) b, FIZK 15 mL
VeML, ACE S min, ZKFHHEE 15 mL P, UCEEDE
R, BRI ZET, FREI T BRI 2
SmL &F, MEFEMERZIE, H 0.22pum flfl
JEIEYEL,  BPASZ22 ROl i I R

223 BREE A Y BRFE A TR R
SEWIALTT 8 L T2, 32 2 250k 1) 2 22 kL 9]
PEXTRERE S, 2 “2.2.27 T 5 vk 4 Btz 4B 1

23 FHEFER

231 LEHEER SRHURAX RGBT, &%
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“21.17 K “2.1.27 TUT -G 2 A A DU R
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FHEILF AR C M ag g, 15 B HAh 2GR AT
P12 NHRAREA 58, Z T R R AT, (A
EIILE 1.

232 RMERRFEE  FEHEWEL “2.2.17 TN
i AV T R T ) 2R 1) AR R TR A 0o R
V. 2R 217 TS SR AR UG, il
kg, DUETB RN (V), FEIREN
BAbR (X0, HHATZRMERIE, SRIEK 2. 4RE
BH, 12 Bl o) 76 25 82 1) o 5 VR B Y Tl S22 R PRI 4 1tk
KFZR. W ERBEEX R BBRER, B—WERS
X RE RV, HERE, BUERELL SIN=3 F1 SIN=10 ]
TR AT I VA 12 Rl 43 B IR (LOD) Al
EEIR (LOQ).
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A B
a
3.5 5.0 3.5 5.5
t/min
c
7.0 8.5 7.0 7.0
t/min
e
8.5 100 85 10.0 9.0
t/min
g h
9.5 10s 95 105 9.5 10.5
t/min
i j
95 105 95 105 9.5 10.5
t/min
k 1
9.5 10.5 9.5 10.5 11I.5 12I.5
t/min

a-XEERR; b-BAG; c-HAET C; d-ORG; e A INELIETH C; LHEELARHEN A; o-WEELREN B; h-Z& 2 Dy i-HHEELH

BEfi A j-TPEEE AR B; k-IL AR By LEA M A K2 [

a-p-coumaric acid; b-BAG; c-ophiopojaponin C; d-ORG; e-liriope muscari baily saponins C; f-methylophiopogonone A; g-methylophiopogonone B; h-

ophiopojaponin D; i-methylophiopogonanone A; j-methylophiopogonanone B; k-liriopesides B; l-ophiopogonanone A; same as figure 2.

E1 RBEMB&EAR A 2EFTRERSER B) 89 UPLC-MS/MS iEE

Fig.1 UPLC-MS/MS chromatograms of mixed reference substances solution (A) and Shenmai Granules sample solution (B)

R2 12HRSLMEXRERER

Table 2 Results of linear relationship examination for 12 components

B BV S r EPEViEl/(ngmL™)  LOD/(ngmL™)  LOQ/(ng'mL™)
X EHR Y=109 506.1 X+ 68 471.60 1.000 0 1.87~46.80 1.073 3.580
BAG Y=3128.3X—2714.50 0.999 0 12.48~624.00 0.023 0.052
FXBHC Y=3018.2 X—28 146.00 0.998 9 8.16~408.80 0.373 1.250
ORG Y=889.5 X—1 241.50 0.999 0 16.03~801.5 0.320 1.059
EEINFELABTC  Y=383.1X—11.910 0.9999 1.41~70.40 0.260 0.880
PR A Y=1857888.7 X—61801.50 0.999 3 3.45~172.50 0.014 0.460
FIEFEASHE B  Y=2976.2X—2772.10 0.999 2 3.45~57.61 0.660 2.200
FZXBHD Y=9235.1 X—92 831.00 0.999 7 4.37~218.70 0.074 0.250
FREFEAFLI B Y=9724.7 X+1519.30 0.999 9 2.64~132.00 0.220 0.740
FREEAFLE A Y=8047.8 X412 668.10 0.999 3 6.48~324.06 0.750 2510
421 B Y =27 953.8 X—20 634.60 0.999 9 2.46~123.05 0.023 0.077
FAB R A Y=19397.7 X+126 957.20 0.999 1 13.08~654.00 0.760 2.540

114 RSD . A &F Z . BAG. #4221 C. ORG.
B AR C. HERFLAHKI B, XX B
D. IhZF4 B4 By EA A AL H 33 L3R

AL FIREF K SN A FI R L3 4 5 25 B ) RSD
DN 3.3%. 2.8% 3.6% 2.9%. 2.8%. 3.1%-
3.0%- 2.5%-+ 2.1%- 3.3%. 2.1%. 3.2%, FBIiZ{%
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234 FoEtilie BURESD S55, 4% 2227 TR
ISR AW, 2 I7E 04 44 8. 124 164 24h it
FEME, dsRIERAIFHE RSD fH. X& G,

BAG. & 2¥ C. ORG. HZEILELBET C. H
HELWGI B, F4 2T D, IIFLEZIF B, #
ATBEI Ay PR AR AL HI IR A v BT
A FIH S 4 =70 B 1 RSD 2508 1.8%+1.2%-
1.3%- 1.7%- 2.2%- 2.2%- 1.7% 2.0%- 2.3%- 1.7%-
1.9%- 2.3%, FHEHAMIERAER )5 24 h WA
FoE

235 HEEMRAK PSS S55 % 6 . 1% 42.2.27
TR SIS ARSI, #4217 TR 4475,
HHESE. XEHESR. BAG. &2 C. ORG.

AL RT C. HELZATH RN B, £42H
D. IhZA B By Z AT b AL H 5 & b
A, FHZE R m i A R L2 K i B R4
K RSD 73514 2.3% 3.2%- 2.2% 1.8%- 2.6%-
2.9%. 2.5%- 3.3%- 3.1%-. 2.1%. 2.2%. 3.2%, %
Bz s ik R M R AT

2.3.6 NIRRT REEARECCINA 12 P
PRI & IR (S55) %% 6 43, BT EUFEEN 1.0
2 AN S 5 % 57 & B AH 24 TR A0 HE
W, PRSI E 7350 46.80. 1 040.00-

918.00. 800.00. 52.80. 66.00. 1093.50. 307.50.
196.20. 57.50. 243.00. 23.04ng, 1% “2.22”7 WK
T & AR AL 1% 2,17 T (- i 41
HERENE, THEOIMAE ESEE X RSD fH. 451N EH S
2. BAG. &2 C. ORG. fHEIIZFL B C.
IR AT By 24 2H D, ILEA 21 B,

A Ay IR AR AL R AT

il A FIHEREEL ST B KIFEIEE R R 43 5
499.0%- 98.6%- 99.8%- 98.5%- 105.3%. 101.4%.
100.2%- 95.3%. 99.8%-. 100.9%. 103.2%. 103.1%,
H RSD 73918 1.3%. 2.2% 2.5%+ 2.2%- 2.9%.
1.3%+ 2.6%- 2.2%- 2.1%. 2.0%. 1.4%. 1.6%, %
%715 A R IHERR L .
24 ZIEMEEOEENE

B 85 #6222 FORLAE i, 3243 30l AT i) 2% k3K
AR 3 4, R, RN 2 R EE ARV
12 B E &, EPRES L (n=3),
K FH SPSS 22.0 X &4l 12 443 & BTG i
w, RN 3. KA Origin 2022 X ¥R 34T 7 2
oHT, HeehlAEZE, SRIE 2. 3 FKailkd 12
PRl > 2 5B R, Hodr Al C A 3820 B R I 2 S
ENFLBYE C ILELXRT B, WHAEELS
PHBORH IR, Al B #E 5 R 224 B D, kSR
ATBEI A FRE A m s A A RN TP R 22 4 m T
B & #FH M T HAL 2 4k (P<<0.001).
2.5 PLS-DA

KH SIMCA-P 14.1 B A5 #7 3 Z Al 85 HEkE
i 12 MUATIE R, CARE 5 EAS F Al 5
I 22 4 i i 22 e bR B 43 - PLS-DA 1543 .
BEATLHE 1) B A 56 4 TR AN AR i B M 4R 5 (variable
importance projection, VIP) Fiijll&h i WL 3~5, 1
HWEZE RP R 73708 0.651. 0.787, Tiilllfe
NBE O* N 0.759, ¥IKT 0.5, R FTEEL B
FoE il g 2R AL BE LAY B ek I 200 (X, R%.
Q* A HELL Y HlidEE 58 0.035 (<0.3). —0.254
(<0) RPBACRHEISW GG HETHE (K
. BHE (E3) B, 85 HLIRFEM L k5%
3%, v EREE. DA EREMERE VIP>1

%3 FRECFHSSH 12 MRS EBHHE (Xx9)

Table 3 Statistical description on contents of 12 components in different manufacturers’ samples (X £ S)

RES B (ngg™?)

J"% n —
X A SR BAG

EXBFC

ORG HELFELBH C HREZLFIE A

A 28 0.0276+0.0275 1.3583+0.5518 0.3908+0.1185
B 23 0.02224+0.0097 1.2337£0.4094 0.547740.1597
1.82974+0.584 6 0.748 0£0.266 1

C 34 0.0380%0.0089

0.664 1+0.197 3 - 0.092 740.040 5
0.755940.208 9 - 0.143340.044 1
1.2883+0.3897 0.0496+0.0456 0.070 6+0.0250

R B (g Y

'K n

HEEZAEERB  EXEHD

IR AT A HHE A5l B

X1 B H X H bl A

A 28 0.0361+0.0152 0.8546%0.2202 0.276 0%+0.109 6
1.57294+0.458 8 0.4802%0.1233
C 34 0.0289£0.0100 0.9554+0.2689 0.316 0£0.086 8

B 23 0.0645%+0.0209

0.5552+0.405 6
0.588 61+0.254 8
0.2492+0.079 6

0.155940.069 3 -
0.0249+0.0109 -
0.0316+0.0170 0.063 61+0.099 4
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Fig.2 Box plot of 12 components
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Fig. 3 PLS-DA score of 85 batches of Shenmai Granules

El 4 PLS-DA E#HiGNEER
Fig. 4 PLS-DA replacement diagram
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Fig. 5 VIP value diagram of 85 batches of Shenmai

Granules

NERE, % T 7 A ER AR EM RS, WE 5. H
FEELE B, 421 D. ORG. HHEEAS
T By FIE TR A A I A F1
FX B C MBS IR R LR EER
(1) bR EA .
2.6 1§ TOPSIS SE5 47
SR 12 Fib2Emsy, TR
2 T S 22 AR AL 3 & e 8 SROS), F LS AR

Fefi By 4R Dy LA SN B, HHE
AT AL HIHZAE W A ORG. X BT
C M1 BAG % 9 Mg TG A e bR, 05 L2
KA Oy INFA BT B MG A J& Tl
AR AR bR . P A xy= (xj — minx;)/(maxy; —
minx) F1 A 7 x; = (maxx;—x;)/(maxx;— minx;) %} 12
Pl & EHAEIEAT IH— LA .

DA PLS-DA H & 22 57 (1) VIP (1.53. 1.08.
1.08. 1.07. 1.04. 1.02. 1.01. 0.95. 0.92. 0.74.
0.66+ 0.53) {EE N SIRIFE, SRIEHRLLIH—1bid
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Table 4 Relative ordering of quality evaluation of 85 batches of Shenmai Granules

s il DY D- C HiF|T ok D DT C HiF )T Ak DY DT C HiF|4%iS Mk DY DT C HFF
S1 A 066050043 60 |S23 A 0.690.48 041 73 |S45 B 0.67 0.50 0.43 62 |S67 C 0.63 0.53 0.46 41
S2 A 069052043 65 |S24 A 0.66 051044 59 |S46 B 0.560.67 055 8 |[S68 C 0.63 0.510.44 49
S3 A 053064055 7 |S25 A 055062053 13 |S47 B 0.720.470.40 74 |S69 C 0.630.510.44 48
S4 A 0.66054045 45 |S26 A 075049039 75 |S48 B 0.480.67058 6 |S70 C 0.66 0.53 0.44 53
S5 A 071054043 61 |S27 A 070048041 71 |S49 B 0.610.57048 27 |S71 C 0.65051044 51
S6 A 055060052 17 |S28 A 0.600.55048 32 |S50 B 0.470.70060 4 |S72 C 0.690450.39 78
S7 A 069052043 64 |S29 B 0.650.50044 58 |S51 B 0.550.59052 18 |[S73 C 0.66 0.53 0.44 52
S8 A 063055047 39 |S30 B 0.64 050044 56 |S52 C 0.600.590.49 24 |S74 C 0.550.64 0.54 12
S9 A 063051045 47 |S31 B 0.58 0.58 0.50 20 |S53 C 0.650.46 0.41 68 |S75 C 0.77 0.350.31 84
S10 A 057063052 14 |S32 B 060059050 22 |S54 C 0.630.53046 42 |S76 C 0.740.400.35 82
S11 A 0.65053045 46 |S33 B 0470.78063 2 |S55 C 0.69042038 79 |S77 C 055064054 11
S12 A 055060052 16 |S34 B 0.650.500.44 57 |S56 C 0.640.50044 54 |S78 C 051071058 5
S13 A 075049039 77 |S35 B 0.73044037 81 |S57 C 051062055 9 |S79 C 0.67 0.47 0.41 69
S14 A 075049039 76 |S36 B 054064055 10 |S58 C 0.71049041 72 |S80 C 0.790.330.29 85
S15 A 0.600.56 048 30 |S37 B 0.590.56 049 26 |S59 C 0.66 0.48 0.42 67 |S81 C 0.64 0.57 0.47 36
S16 A 0.600.56048 29 |S38 B 0460.73061 3 |S60 C 0.680.51043 63 |S82 C 0.66 0.52 0.44 55
S17 A 0.60055048 33 |S39 B 064051044 50 |S61 C 0.640.57047 37 |S83 C 0.78 0.36 0.31 83
S18 A 0.600.56048 28 |S40 B 056058051 19 |S62 C 0.670.46041 70 |S84 C 0.620.530.46 43
S19 A 053058052 15 |S41 B 0.620.56 047 35 |S63 C 0.590.54048 31 |[S85 C 0.68 0.50 0.42 66
S20 A 065059047 34 |S42 B 047078063 1 |S64 C 0.610.540.47 38

S21 A 063053045 44 |S43 B 0.60 0.57 049 25 |S65 C 0.58 0.56 0.49 23

S22 A 0.750450.38 80 |S44 B 058057050 21 |S66 C 0.650.56 0.46 40
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Fig. 6 Ordination plot of 85 batches of Shenmai Granules
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