ETHRYEER SRS SBNES SN TOPSIS HAKK
HAE 8 R B EM
ZXEL®m &L F NN
XIS, K X, aetke!, BAhEL KeE !
WEPERERZI R, B E 330004; 2VLFG b 25 AR AR, & 330038
WO @A SR EE ] (PRI ERALR) ¥ HPLC $R8UEIE 2 s & 8 75k, 4Rt
LU SRR SR . SR A HPLC VAR S 2L BN R ] it FE S B FF s 5 R 2B b AT S RlE , @id et
(principal component analysis, PCA)  IEZ&fhfx/> —F-#7 /3 HT7 (orthogonal partial least squares-discrimination analysis,
OPLS-DA) 555 1% 85 RIEAT 404, I a5 G IR (SRR BE 3 A B v AR AR A EE A, 3 AN -1 3T B AR B HE /i (technique for
order preference by similarity to ideal solution, TOPSIS) FLiEMEAY, XL e L HA R K s #AT B S PAN . S5 RRI, A
FHEHmIGSU G o 22 N LEIE, filth 5 MTEWE, 20D EER (65 |« BEREIE (8 . e (g
BEFEE (M 17) . TEWIEER (W 18) ; PCA JLIREUH 5 ANEMSY, ZRE1T4H 15 #k @k 2 & Sl
JIAY TOPSIS F 78 25 SR B 21 A R i 15 SR BRI F3i FEAE 23 0 N ZE 2108 0.116 1~0.447 3, 521G 0.238 3~0.501 1,
BRRALLIR 0.318 9~0.654 2. AHIFLEAL ) HPLC F38URIHE [ 22 il o & Bl e T ik AR i f, Fs€ %, InAL TOPSIS 5%
RRIE P, T T L0 R AN U 55 B VPR
REEE: LU fRAUEINE, B, KOKREG BEG & AR
HhESEE: R283.1 CHRARIREG: A

Quality evaluation of Hedysari Radix and its different processed
products based on fingerprint and multi-component content

determination combined with weighted TOPSIS
GONG Wen-hui', GAO Lei!, XIN Li', LIU Ming-gui**,
ZHANG Wen!, JIN Shu-han!, CHEN Xiao-yan!, ZHANG Jin-lian'"
Viangxi University of Chinese Medicine, Nanchang 330004, China, *Jiangxi Jingde Chinese Traditional Medicine Co., Ltd.,
Jingdezhen 333302, China

Abstract: HPLC fingerprint of Hedysari Radix and its different processed products (Hedysari Radix processed by pharmacopoeia
method and Hedysari Radix processed with honey chaff) and multi-component determination method were established to evaluate
the quality of Hedysari Radix and different prepared products comprehensively. HPLC method was used to establish fingerprints of
different Hedysari Radix processed products, and the contents of five main components were determined. principal component

analysis was performed. PCA), orthogonal partial least squares discrimination analysis (OPLS-DA) and other methods were used to



analyze the results, and the weights of indicators were calculated according to the grey relational degree analysis theory. The
technique for order preference by similarity to ideal solution (TOPSIS) was established to evaluate the quality of Hedysari Radix and
its different processed products. The results showed that there were 22 common peaks in the fingerprints of different Hedysari Radix
processed products, and five common peaks were identified, which were vanilic acid (peak 5), calycosin-7-O-8-D-glucoside (peak 8),
ononin (peak 12), calycosin (peak 17) and ononin (peak 18). A total of five principal components were extracted from PCA, and 15
batches of honey bran and Hedysari Radix were ranked first in the comprehensive score. The results of weighted TOPSIS model
showed that the relative proximity values of 15 batches of different prepared Hedysari Radix were 0.116 1-0.447 3, 0.238 3-0.501 1,
and 0318 9-0.654 2, respectively. The HPLC fingerprint and multi-component content determination method established in this
study is simple, stable and reliable, and the weighted TOPSIS algorithm model is reasonable, which can be used for comprehensive
quality evaluation of Hedysari Radix and its different processed products.
Key words: Hedysari Radix; fingerprint; Hedysari Radix processed with honey chaff. grey correlation; entropy weight; TOPSIS
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BRI SR TR 1977 SRR (AR NS 25 4L) K20 BN BT R IR i RV Z —, 28 1985
SERR (P EZG ) ARSIk 2y, R 2R AR 5 alid #. BACR R H H R
HlA AR LIRS, M S A DR R, H R 40 E B R BB SRR 7 TH I 25 8 Tk s e AL B AR
mB4, SZHER AR, B E AA N S KSR, BB TR a5 R R
RBN A, S AT IR TR, SR s SR o PIRRZY L A & b T M RS 2D R R B 2
RALTCRAT, T 50 B L0 WAL 7 o A 24 BRAE FH AT FE AT 408, AP R AR B . 2020 fiw (Hh e
NERILFIEZG M) [ & 177 FnitE P A DUR YN LRI B P b, SR AHR )& B IE B4R, Rigs
[IRE R EANEYSEEW L I RrY g

e 2R SIS HAT B . RRIETE . PR PR SRR A, R U R B 24 S S B AR
FE 2 i A PR R FHBOR BT, I -3& i BEAR g HF 7% (technique for order preference by similarity to
ideal solution, TOPSIS) & —Ffidid Xt Z AN 4Ehn G HIRAL, LLIE S F AR B A5 BRE BN HERI 256 VPN T
%, B TR R SR A A A5 2, G SR FO0) i S PR (R R e 08T | RTARE FE RRRGE 2 R A —
HIbR#ES> %L (standard score, Z-Score) LN HHR AT AL B, (HH T 0 — AL HE 5 %R A 0 {EH L, Z-Score
VA B TEVE CRUEBE I AR B, B0 b i) R 2% 2 R ) R T R SG IR A AT IR R B RE 8 Al DR b
) — B AL B AN T B AN A R, (A f KA MR B 7 S e it Py 005 B, Tl DR RS B2 O HE A 12 )
AW BRI B AR 2R R LD JCE AL RO 1 Chigh performance liquid
chromatography, HPLC) ¥5&UEINE & £ misr & &IE T7ik, a8 2% Nt TOPSIS Byksisy, Xt
LR I S AT SRV, WAL T S AN TR ] ot PR Jo B 4 o AR 2R Rl PR 8 P F A ko it
1 8



1.1 #5#f
LU B0 VLG S 2 B i BR A R, VLG v R 24 K 2 RS ) AR 4 52 N SR 2 )74 3
B Hedysarum polybotrys Hand.-Mazz. [T JRMR 208 S HAS R S RE i s B L3R 1.
R 1 LR FRHEAFMH BEERER

Table 1 Sample information of Hedysari Radix and its different processed products

AN
PEANY TR o D AN TR
Hedysari Radix 7
Hedysari Radix processed by =~ Hedysari Radix processed
Origin

I s pharmacopoeia method No. with honey chaff No.

No. Batch No.

S1 220301 Z1 Ml H Bl R g
S2 220302 z2 M2 H Bl R ol B
S3 220303 73 M3 H Bl e ke
S4 220101 Z4 M4 H Bl R A
S5 220102 Z5 M5 H Bl R ST
S6 220103 76 M6 HR bR S
S7 220401 z7 M7 RNz R A
S8 220402 Z8 M8 HR Bl R 2
S9 220403 79 M9 RN AR
S10 220405 Z10 M10 HN B R H R
S11 220406 Z11 Ml1 Epzi1 A RS S e
S12 220407 Z12 MI12 HR bR R
S13 220501 Z13 MI13 HR B R =
S14 220502 Z14 M14 HR B R =
S15 220503 Z15 M15 HA Bl R =

1.2 2R 55

Waters2695 L SO AH (i (X s (32[H Waters A 7)) ; OHAUS 875732 — 3 R-F (B [H BT
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WA R o pr 4l
2 HFEEER
2.1 1a%l magHl &

BRI & BUTBE, BREMAFIRE, MREE T e mmd T, N 30% M EKER,
&), THEET 65 °CHEHI 30 min, £ FHIL.

ZIIER AR T4 BHGFA R 100 g, FRERE 25 ¢, MEEW KM, BINGORA P,
s, BACHIA A, L 200 °CRbH| 8 min f5 B, EEE, BI7E.

B AR MSR: BIURFLEH 100 g, RIGE 25 g, HEERKHBRE, SISO P,
bl 2257 o Sy LB 35 g, WO\ TR Kb A AR Y, Kb B R BNEE LR 5 BL 190 °CRb 13 min
JG AR, R, B4
22 BiREEI &

2.2.1 o SV ) £

AR, BAEREE . BERHETE. TREER. ST RSEE, BERE, IS 6
HEE 1 mL % 0.018 4. 0.033 6. 0.027 2. 0.029 6. 0.013 2 mg 1A, BIf5.

2.2.2 B IR ) A%

SEVELLR . RAK. ERXAERKR (LS 43, MENE, BREHBM T, HKEmn
AWEE 25 mL, %%, MOEHEE, R/, BAE (BIFE 300 W; % 40 kHz) 4F 1h, B4, 7
e, PSRRI ER, ®5, i 0.22 um MALIER, ESER, BIFE.

23 BIEEH

o3 kA Titank Crs (435 FE (250 mmx4.6 mm, 5 pm) ; WM NZEE (A) -0.1%#REK (B) , B
Pelt: 0~5 min, 7%—12%A; 5~15 min, 12%—>20%A; 15~25 min, 20%—25%A; 25~30 min, 25%—>35%A;
30~35 min, 35%—>40%A; 35~38 min, 40%—>50%A; 38~50 min, 50%—75%A; 50~60 min, 75%—>90%A;
Wi 1 mL/min, A 280 nm, A5 30 °C, #EFEE 10 pL.
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WE (18 i) NS HRIE, THHE S AT VI HET (R B I IR ADAR X I T AR o 485 SR R, %A WA AR X 7 g bt
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2.43 FaE M
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h WAREE RIT
244 F5sC B S 2 BARBE R
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Table 2 Similarity of fingerprint of Hedysari Radix and its different processed products

AT Y SN
K FEABAE FEABAE HEABAEE
Hedysari Radix processed by Hedysari Radix processed with
Hedysari Radix Similarity Similarity Similarity
pharmacopoeia method honey chaff
S1 0.950 Z1 0.950 M1 0.949
S2 0.909 Z2 0.936 M2 0.947
S3 0.965 Z3 0.949 M3 0.950
S4 0.965 Z4 0.981 M4 0.979
S5 0.972 Z5 0.975 M5 0.980
S6 0.995 Z6 0.920 M6 0.980
S7 0.995 z1 0.957 M7 0.993
S8 0.995 Z8 0.959 M8 0.996

S9 0.993 79 0.938 M9 0.995



S10 0.990 Z10 0.951 M10 0.981
S11 0.990 Z11 0.973 Ml11 0978
S12 0.989 712 0.992 M12 0.981
S13 0.997 Z13 0.986 M13 0.991
S14 0.991 Z14 0.969 Ml14 0.986
S15 0.984 Z15 0.984 M15 0.985
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Fig. 1 Fingerprint of different batches of Hedysari Radix
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Fig. 2 Fingerprint of different batches of Hedysari Radix processed by pharmacopoeia method
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Fig. 3 Fingerprint of different batches of Hedysari Radix processed with honey chaff

18

A“,L‘_jw_liml JEL;._,JJ17 ‘kﬂﬁ B

ULLLL_LA LJT__MLLWM_,_JLA 5

A e || 5
I T T T T T U T T T
0 5 10 15 20 25 30 35 40 45 50 55 60

[ 1] Time (min)

B4 aRAER. NEMR G RIEEXE MK HPLC B
Fig. 4 HPLC chromatograms of Hedysari Radix, different processed products and reference substance
TE: A-LLEEAE R B-ZGSAR AR, C-EMBERAT; D-IRAXIR .
Note: A-Hedysari Radix; B-Hedysari Radix processed by pharmacopoeia method; C- Hedysari Radix processed with honey chaff; D-
Mixed standards.
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Table 3 Results of principal component eigenvalues and variance contribution rates

2% 0 REAEA
Variance contribution rate Cumulative variance contribution rate
Component Characteristic value
(%) (%)
1 7.679 34.906 34.906
2 5.046 22.937 57.843
3 2.948 13.398 71.240
4 2217 10.077 81.317
5 1.655 7.521 88.838
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Fig. 5 Principal component scatter of Hedysari Radix and its different processed products
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Table 4 Initial factor load matrix

AT

oAy

Loading matrix

Common peak
1 2 3 4 5




1 0.170 0.492 0.755 0.092 -0.171

2 0.720 0.621 -0.069 0.068 -0.19
3 0.508 -0.741 0.232 -0.038 0.148
4 0.536 0.675 0.072 -0.314 0.009
5 0.624 -0.312 0.388 0.445 -0.199
6 0.546 0.617 0.312 0.302 0.041
7 0.363 0.471 -0.455 -0.245 -0.52
8 0.137 0.431 0.052 0.379 0.749
9 0.229 0.809 0.205 -0.259 0.333
10 0.485 -0.337 0.627 -0.173 0.279
11 0.057 -0.165 0.122 0.89 -0.23
12 0.620 -0.086 -0.345 0.58 -0.021
13 0.672 0.570 0.251 -0.097 -0.073
14 0.799 0.445 -0.149 -0.012 -0.122
15 0.659 0.405 -0.537 0.191 0.047
16 0.677 -0.510 0.018 -0.04 -0.341
17 0.610 -0.345 -0.401 -0.086 0.449
18 0.821 -0.384 -0.065 -0.368 0.057
19 0.861 -0.288 -0.047 0.141 0.277
20 0.568 -0.229 -0.733 -0.094 0.073
21 0.738 -0.495 0.187 -0.025 -0.123
22 0.66 -0.363 0.417 -0.406 -0.115
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I AN TR SR G 150, SRR 5. P B AR 15 RIS 0 4R AT 16, UL SR 201
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R 5 MRES AR RNEH RS B 7R85 B

Table 5 Principal component factor scores and ranking of Hedysari Radix and its different processed products
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S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

S13

S14

S15

Z1

z2

73

74

75

Z6

7

Z8

Z9

Z10

Z11

712

Z13

714

Z15

M1

M2

M3

M4

M5

Mé

-1.383 1

-1.3520

-1.464 6

-4.3206

-3.449 6

-4.736 9

-2.5891

-2.5370

-3.498 5

-1.906 7

-2.5267

-1.764 6

-0.2507

0.1873

1.2618

-1.846 5

-1.144 5

-1.688 8

2.073 1

2.169 2

2.2572

-2.9294

-2.9447

-3.071 6

-2.4854

-2.2327

-2.100 5

1.0180

1.9275

1.3173

0.8483

0.7357

0.246 2

1.1759

1.2292

1.7355

1.1559

1.548 5

1.1053

-1.8183

-1.678 1

-1.648 1

-0.608 9

-0.788 2

-0.609 6

-0.061 6

-0.008 2

-0.2553

-1.543 0

-1.2779

-1.691 6

1.794 0

2.108 9

1.5012

-3.789 7

-3.4112

-3.7399

0.066 1

-0.403 9

-0.3775

-0.0114

-0.084 5

-0.174 4

-0.9010

-1.293 8

-1.3104

3.8618

3.863 8

39523

0.0823

-0.178 9

0.079 5

-0.0556

-0.2954

-0.127 8

0.3390

0.176 1

0.082 3

-1.964 0

-2.0729

-1.9949

-1.404 3

-1.5726

-1.3190

-0.862 5

-1.098 9

-0.5191

2.106 6

2.058 0

1.7919

24751

2.1742

2.346 6

0.3233

0.0433

0.029 1

-1.6342

-1.5205

-1.606 0

0.409 2

0.824 0

0.5400

1.626 2

1.752°8

1.632'1

2.140 4

2.065 4

2.3687

-0.2455

-0.764 0

-0.746 5

-2.3224

-1.5818

-1.9341

-1.0239

-1.1303

-1.6117

-1.3639

-1.2938

-1.8529

-1.1232

-0.3187

-0.094 1

0.278 9

0.8113

0.167 2

-0.002 3

03453

-0.3123

3.426 4

3.1427

3.708 9

-1.0179

-0.9353

-0.9316

0.5853

0.486 6

-0.074 0

04719

-0.2421

0.3657

-0.266 7

-0.0439

-0.1939

0.973 6

1.460 5

0.3050

-0.2556

-0.117 1

-0.3882

0.026 5

0.014 1

0.450 4

0.3851

-0.0322

-0.171 0

1.892 4

1.662 9

1.864 0

0.671 6

1.8657

0.823 6

-0.752'5

-0.3270

-0.673 1

-1.0858

-1.206 3

-1.428 6

-1.4770

-1.206 8

-0.8251

1.158 4

1.218 2

0.966 1

-0.5957

-0.730 4

-0.724 2

-0.5356

-0.782'5

-1.067 4

-0.176 6

-0.123 5

-0.3271

-2.1330

-1.733 6

-2.244 5

-1.407 7

-1.4570

-1.756 8

-0.976 3

-1.2273

-1.050 8

-0.5279

-0.2820

0.1136

0.127 8

0.5820

0.0737

0.1292

0.276 2

0.162 4

-0.700 4

-0.888 8

-0.888 6

-1.302 8

-1.187 5

-1.144 3

0.349 6

0.627 1

0.296 8

1.4025

1.298 6

1.1935

0.648 9

0.601 5

0.841 6
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M7 45133 0.746 0 -0.3219 0.640 8 -1.269 3 1.6725 2

M8 4.6453 0.796 9 -0.488 5 0.850 5 -1.1479 1.738 2 1
M9 4.503 8 0.553 4 -0.388 3 0.449 5 -1.899 6 1.549 4 4
M10 3.3230 12374 -1.426 4 0.509 1 -1.3291 1.204 0 9
M11 3.0750 1.208 5 -1.638 1 0.196 4 -1.0059 1.0752 12
M12 32116 1.1712 -1.714 9 0.583 1 -0.809 3 1.157 8 11
M13 3.4752 0.144 5 -1.172 8 1.1873 1.974 8 1.3572 7
M14 3.603 8 0.1710 -1.2420 1.644 4 2.0858 1.453 4 5
M15 3.691 1 0.5172 -0.863 5 1.5753 2.044 5 1.603 9 3
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Table 6 Content of Hedysari Radix and its different processed products (n=3)
2% Content (pg/g)
%5 No
BHR B TERTET BE R TEWTER
Vanillic acid Calycosin-7-O-f-D-glucoside Ononin Calycosin Formononetin
S1 37.40 21.78 45.17 1.58 184.03
S2 37.37 23.16 46.60 2.70 182.27
S3 38.44 14.71 44.50 1.12 174.74
S4 23.40 7.37 30.19 1.31 139.66
S5 30.78 8.54 34.41 2.29 162.47
S6 23.63 5.74 29.59 1.19 134.26
S7 27.45 8.51 57.31 4.76 166.52
S8 29.20 8.59 55.73 4.69 170.47
S9 22.07 11.88 50.78 3.76 147.98
S10 26.98 15.77 31.97 8.29 174.65
S11 21.78 17.51 34.89 4.42 142.86
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M13 47.51 31.41 75.14 15.29 237.93

Ml14 47.12 33.19 82.87 15.24 235.89

M15 48.03 38.15 85.58 10.76 244.41
S 31.89+7.99 14.21+5.55 44.99+11.78 4.77+3.33 172.01£25.75
¥J{H Mean Z 41.81£9.32 19.96+5.17 62.64+£12.61 5.46%3.00 203.27+46.30
M 48.53+7.08 23.13+6.76 71.95+17.89 6.99+4.19 227.53+41.29
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	2.3 色谱条件
	色谱柱为Titank C18色谱柱（250 mm×4.6 mm，5 μm）；流动相为乙腈（A）-0.
	2.4 指纹图谱的构建
	2.4.1 精密度试验
	取蜜糠炙红芪（M1）粉末，按“2.2”项下方法制备样品，按“2.3”项下色谱条件连续测定6次。以芒柄
	2.4.2 重复性试验
	取蜜糠炙红芪（M1）粉末6份，按“2.2”项下方法制备样品，按“2.3”项下色谱条件进行测定。以芒柄
	2.4.3 稳定性试验
	取蜜糠炙红芪粉末（M1），按“2.2”项下方法制备样品，按“2.3”项下色谱条件，分别在0、2、4、
	2.4.4 指纹图谱建立及相似度评价
	将红芪及其不同炮制品各15批样品，按“2.2”项下方法制备样品，按“2.3”项下色谱条件进行测定，将
	将红芪及其不同炮制品指纹图谱与对照指纹图谱进行相似度评价，分别计算各自15批及总45批样品相似度。结
	表2 红芪及其不同炮制品图谱相似度
	Table 2 Similarity of fingerprint of Hedysari Radi
	红芪
	Hedysari Radix
	相似度
	Similarity
	炙红芪
	Hedysari Radix processed by pharmacopoeia method
	相似度
	Similarity
	蜜糠炙红芪
	Hedysari Radix processed with honey chaff
	相似度
	Similarity
	S1
	0.950
	Z1
	0.950
	M1
	0.949
	S2
	0.909
	Z2
	0.936
	M2
	0.947
	S3
	0.965
	Z3
	0.949
	M3
	0.950
	S4
	0.965
	Z4
	0.981
	M4
	0.979
	S5
	0.972
	Z5
	0.975
	M5
	0.980
	S6
	0.995
	Z6
	0.920
	M6
	0.980
	S7
	0.995
	Z7
	0.957
	M7
	0.993
	S8
	0.995
	Z8
	0.959
	M8
	0.996
	S9
	0.993
	Z9
	0.938
	M9
	0.995
	S10
	0.990
	Z10
	0.951
	M10
	0.981
	S11
	0.990
	Z11
	0.973
	M11
	0.978
	S12
	0.989
	Z12
	0.992
	M12
	0.981
	S13
	0.997
	Z13
	0.986
	M13
	0.991
	S14
	0.991
	Z14
	0.969
	M14
	0.986
	S15
	0.984
	Z15
	0.984
	M15
	0.985
	图1 不同批次生红芪指纹图谱
	Fig. 1 Fingerprint of different batches of Hedysar
	图2 不同批次药典法炙红芪指纹图谱
	Fig. 2 Fingerprint of different batches of Hedysar
	图3 不同批次蜜糠炙红芪指纹图谱
	Fig. 3 Fingerprint of different batches of Hedysar
	图4 红芪生品、不同炮制品及混合对照品的HPLC图
	Fig. 4 HPLC chromatograms of Hedysari Radix, diffe
	注：A-红芪生品；B-药典法炙红芪；C-蜜糠炙红芪；D-混合对照品。
	Note: A-Hedysari Radix; B-Hedysari Radix processed
	2.5 化学模式识别
	2.5.1 主成分分析
	采用SPSS19.0以及SIMCA14.1软件对45批生红芪、炙红芪、蜜糠炙红芪22个共有峰的相对峰
	表3 主成分特征值及方差贡献率结果
	Table 3 Results of principal component eigenvalues
	成份
	Component
	特征值
	Characteristic value
	方差贡献率
	Variance contribution rate
	（%）
	累积方差贡献率
	Cumulative variance contribution rate
	（%）
	1
	7.679
	34.906
	34.906
	2
	5.046
	22.937
	57.843
	3
	2.948
	13.398
	71.240
	4
	2.217
	10.077
	81.317
	5
	1.655
	7.521
	88.838
	图5 红芪生品及其不同炮制品的主成分散点
	Fig. 5 Principal component scatter of Hedysari Rad
	因子载荷矩阵反应了各主成分与22个共有峰即原始变量之间的相关系数，由表4可知22个共有峰对5个主成分
	表4 初始因子载荷矩阵
	Table 4 Initial factor load matrix
	共有峰
	Common peak
	载荷矩阵
	Loading matrix
	1
	2
	3
	4
	5
	1
	0.170
	0.492
	0.755
	0.092
	-0.171
	2
	0.720
	0.621
	-0.069
	0.068
	-0.19
	3
	0.508
	-0.741
	0.232
	-0.038
	0.148
	4
	0.536
	0.675
	0.072
	-0.314
	0.009
	5
	0.624
	-0.312
	0.388
	0.445
	-0.199
	6
	0.546
	0.617
	0.312
	0.302
	0.041
	7
	0.363
	0.471
	-0.455
	-0.245
	-0.52
	8
	0.137
	0.431
	0.052
	0.379
	0.749
	9
	0.229
	0.809
	0.205
	-0.259
	0.333
	10
	0.485
	-0.337
	0.627
	-0.173
	0.279
	11
	0.057
	-0.165
	0.122
	0.89
	-0.23
	12
	0.620
	-0.086
	-0.345
	0.58
	-0.021
	13
	0.672
	0.570
	0.251
	-0.097
	-0.073
	14
	0.799
	0.445
	-0.149
	-0.012
	-0.122
	15
	0.659
	0.405
	-0.537
	0.191
	0.047
	16
	0.677
	-0.510
	0.018
	-0.04
	-0.341
	17
	0.610
	-0.345
	-0.401
	-0.086
	0.449
	18
	0.821
	-0.384
	-0.065
	-0.368
	0.057
	19
	0.861
	-0.288
	-0.047
	0.141
	0.277
	20
	0.568
	-0.229
	-0.733
	-0.094
	0.073
	21
	0.738
	-0.495
	0.187
	-0.025
	-0.123
	22
	0.66
	-0.363
	0.417
	-0.406
	-0.115
	以上述5个主成分得分及对应的方差贡献率为权重进行线性加权，对45批样品进行综合质量评分，由22个共有
	表5 红芪生品及其不同炮制品主成分因子得分及排序
	Table 5 Principal component factor scores and rank
	编号
	No.
	主成分
	Principal component
	综合得分
	Synthesis score
	排序
	Rank
	1
	2
	3
	4
	5
	S1
	-1.383 1
	1.155 9
	-0.055 6
	-0.245 5
	0.973 6
	-0.176 6
	27
	S2
	-1.352 0
	1.548 5
	-0.295 4
	-0.764 0
	1.460 5
	-0.123 5
	26
	S3
	-1.464 6
	1.105 3
	-0.127 8
	-0.746 5
	0.305 0
	-0.327 1
	29
	S4
	-4.320 6
	-1.818 3
	0.339 0
	-2.322 4
	-0.255 6
	-2.133 0
	44
	S5
	-3.449 6
	-1.678 1
	0.176 1
	-1.581 8
	-0.117 1
	-1.733 6
	42
	S6
	-4.736 9
	-1.648 1
	0.082 3
	-1.934 1
	-0.388 2
	-2.244 5
	45
	S7
	-2.589 1
	-0.608 9
	-1.964 0
	-1.023 9
	0.026 5
	-1.407 7
	40
	S8
	-2.537 0
	-0.788 2
	-2.072 9
	-1.130 3
	0.014 1
	-1.457 0
	41
	S9
	-3.498 5
	-0.609 6
	-1.994 9
	-1.611 7
	0.450 4
	-1.756 8
	43
	S10
	-1.906 7
	-0.061 6
	-1.404 3
	-1.363 9
	0.385 1
	-0.976 3
	34
	S11
	-2.526 7
	-0.008 2
	-1.572 6
	-1.293 8
	-0.032 2
	-1.227 3
	38
	S12
	-1.764 6
	-0.255 3
	-1.319 0
	-1.852 9
	-0.171 0
	-1.050 8
	35
	S13
	-0.250 7
	-1.543 0
	-0.862 5
	-1.123 2
	1.892 4
	-0.527 9
	30
	S14
	0.187 3
	-1.277 9
	-1.098 9
	-0.318 7
	1.662 9
	-0.282 0
	28
	S15
	1.261 8
	-1.691 6
	-0.519 1
	-0.094 1
	1.864 0
	0.113 6
	24
	Z1
	-1.846 5
	1.794 0
	2.106 6
	0.278 9
	0.671 6
	0.127 8
	23
	Z2
	-1.144 5
	2.108 9
	2.058 0
	0.811 3
	1.865 7
	0.582 0
	17
	Z3
	-1.688 8
	1.501 2
	1.791 9
	0.167 2
	0.823 6
	0.073 7
	25
	Z4
	2.073 1
	-3.789 7
	2.475 1
	-0.002 3
	-0.752 5
	0.129 2
	22
	Z5
	2.169 2
	-3.411 2
	2.174 2
	0.345 3
	-0.327 0
	0.276 2
	20
	Z6
	2.257 2
	-3.739 9
	2.346 6
	-0.312 3
	-0.673 1
	0.162 4
	21
	Z7
	-2.929 4
	0.066 1
	0.323 3
	3.426 4
	-1.085 8
	-0.700 4
	31
	Z8
	-2.944 7
	-0.403 9
	0.043 3
	3.142 7
	-1.206 3
	-0.888 8
	33
	Z9
	-3.071 6
	-0.377 5
	0.029 1
	3.708 9
	-1.428 6
	-0.888 6
	32
	Z10
	-2.485 4
	-0.011 4
	-1.634 2
	-1.017 9
	-1.477 0
	-1.302 8
	39
	Z11
	-2.232 7
	-0.084 5
	-1.520 5
	-0.935 3
	-1.206 8
	-1.187 5
	37
	Z12
	-2.100 5
	-0.174 4
	-1.606 0
	-0.931 6
	-0.825 1
	-1.144 3
	36
	Z13
	1.0180
	-0.901 0
	0.409 2
	0.585 3
	1.158 4
	0.349 6
	18
	Z14
	1.9275
	-1.293 8
	0.824 0
	0.486 6
	1.218 2
	0.627 1
	15
	Z15
	1.3173
	-1.310 4
	0.540 0
	-0.074 0
	0.966 1
	0.296 8
	19
	M1
	0.8483
	3.861 8
	1.626 2
	0.471 9
	-0.595 7
	1.402 5
	6
	M2
	0.735 7
	3.863 8
	1.752 8
	-0.242 1
	-0.730 4
	1.298 6
	8
	M3
	0.246 2
	3.952 3
	1.632 1
	0.365 7
	-0.724 2
	1.193 5
	10
	M4
	1.175 9
	0.082 3
	2.140 4
	-0.266 7
	-0.535 6
	0.648 9
	14
	M5
	1.229 2
	-0.178 9
	2.065 4
	-0.043 9
	-0.782 5
	0.601 5
	16
	M6
	1.735 5
	0.079 5
	2.368 7
	-0.193 9
	-1.067 4
	0.841 6
	13
	M7
	4.513 3
	0.746 0
	-0.321 9
	0.640 8
	-1.269 3
	1.672 5
	2
	M8
	4.645 3
	0.796 9
	-0.488 5
	0.850 5
	-1.147 9
	1.738 2
	1
	M9
	4.503 8
	0.553 4
	-0.388 3
	0.449 5
	-1.899 6
	1.549 4
	4
	M10
	3.323 0
	1.237 4
	-1.426 4
	0.509 1
	-1.329 1
	1.204 0
	9
	M11
	3.075 0
	1.208 5
	-1.638 1
	0.196 4
	-1.005 9
	1.075 2
	12
	M12
	3.211 6
	1.171 2
	-1.714 9
	0.583 1
	-0.809 3
	1.157 8
	11
	M13
	3.475 2
	0.144 5
	-1.172 8
	1.187 3
	1.974 8
	1.357 2
	7
	M14
	3.603 8
	0.171 0
	-1.242 0
	1.644 4
	2.085 8
	1.453 4
	5
	M15
	3.691 1
	0.517 2
	-0.863 5
	1.575 3
	2.044 5
	1.603 9
	3
	2.5.2 正交偏最小二乘法判别分析
	采用正交偏最小二乘法判别分析（orthogonal partial least squares di
	图6 生红芪-药典法炙红芪OPLS-DA得分及VIP值
	Fig. 6 OPLS-DA score and VIP value of Hedysari Rad
	图7 生红芪-蜜糠炙红芪OPLS-DA得分及VIP值
	Fig. 7 OPLS-DA score and VIP value of Hedysari Rad
	2.6 红芪及其炮制品多成分含量测定
	2.6.1 线性关系考察
	取“2.2.2”项下对照品溶液适量，按倍数用甲醇稀释成系列对照品溶液（n=6），按“2.3”项下色谱
	图8 混合对照品HPLC图
	Fig. 8 HPLC diagram of the reference substance
	Note: 5. Vanillic acid; 8. Calycosin-7-O-β-D-gluco
	2.6.2 精密度试验
	取蜜糠炙红芪粉末（M1），按“2.2”项下方法制备样品，按“2.3”项下色谱条件进样分析，连续进样6
	2.6.3 稳定性试验
	取蜜糠炙红芪粉末（M1），按“2.2”项下方法制备样品，按“2.3”项下色谱条件分别在0、2、4、8
	2.6.4 重复性试验
	取蜜糠炙红芪粉末6份（M1），按“2.2”项下方法制备样品，按“2.3”项下色谱条件进行测定，记录各
	2.6.5 加样回收率
	取蜜糠炙红芪粉末3 g（M1），分别精密加入与样品中待测成分已知含量相当的混合对照品溶液，按“2.2
	2.6.6 样品含量测定
	取45批生红芪、炙红芪、蜜糠炙红芪粉末，按“2.2”项下方法制备样品，按“2.3”项下色谱条件进行测
	图9 红芪及其不同炮制品5种成分含量测定结果
	Fig. 9 Content of five components of Hedysari Radi
	表6 红芪及其不同炮制品含量测定结果（n=3）
	Table 6 Content of Hedysari Radix and its differen
	编号No.
	含量Content（μg/g）
	香草酸
	Vanillic acid
	毛蕊异黄酮苷Calycosin-7-O-β-D-glucoside
	芒柄花苷
	Ononin
	毛蕊异黄酮Calycosin
	芒柄花素Formononetin
	S1
	37.40
	21.78
	45.17
	1.58
	184.03
	S2
	37.37
	23.16
	46.60
	2.70
	182.27
	S3
	38.44
	14.71
	44.50
	1.12
	174.74
	S4
	23.40
	7.37
	30.19
	1.31
	139.66
	S5
	30.78
	8.54
	34.41
	2.29
	162.47
	S6
	23.63
	5.74
	29.59
	1.19
	134.26
	S7
	27.45
	8.51
	57.31
	4.76
	166.52
	S8
	29.20
	8.59
	55.73
	4.69
	170.47
	S9
	22.07
	11.88
	50.78
	3.76
	147.98
	S10
	26.98
	15.77
	31.97
	8.29
	174.65
	S11
	21.78
	17.51
	34.89
	4.42
	142.86
	S12
	30.40
	13.69
	34.85
	5.99
	181.29
	S13
	43.48
	18.24
	53.67
	9.43
	176.74
	S14
	40.12
	18.73
	64.05
	8.54
	226.67
	S15
	45.85
	18.96
	61.07
	11.50
	215.61
	Z1
	36.92
	23.53
	50.22
	1.57
	135.07
	Z2
	39.29
	32.68
	56.71
	4.04
	166.02
	Z3
	35.87
	24.04
	50.77
	3.65
	161.00
	Z4
	51.61
	14.95
	70.15
	6.60
	275.49
	Z5
	51.17
	17.39
	68.78
	7.60
	265.39
	Z6
	54.74
	13.66
	66.51
	10.27
	265.18
	Z7
	48.28
	21.91
	72.36
	0.64
	174.42
	Z8
	47.63
	20.93
	74.41
	2.46
	170.59
	Z9
	47.65
	20.15
	77.34
	1.54
	171.07
	Z10
	25.00
	13.57
	44.59
	5.69
	163.02
	Z11
	27.68
	14.38
	45.84
	5.64
	195.47
	Z12
	28.39
	16.16
	42.62
	7.47
	194.34
	Z13
	43.96
	24.25
	72.64
	7.23
	213.39
	Z14
	46.42
	21.18
	73.90
	9.25
	260.22
	Z15
	42.51
	20.59
	72.77
	8.21
	238.43
	M1
	39.69
	25.84
	64.74
	2.68
	151.77
	M2
	37.47
	25.15
	54.42
	2.82
	149.04
	M3
	37.42
	24.29
	52.40
	2.36
	148.18
	M4
	56.19
	21.06
	44.12
	3.79
	236.9
	M5
	58.05
	19.50
	47.92
	3.51
	238.87
	M6
	56.77
	16.27
	47.88
	4.18
	233.36
	M7
	57.19
	21.45
	87.65
	7.63
	256.41
	M8
	53.00
	23.14
	91.43
	7.82
	261.52
	M9
	53.88
	15.24
	91.73
	8.24
	257.59
	M10
	44.95
	16.22
	85.49
	5.21
	254.13
	M11
	44.52
	16.98
	82.51
	7.57
	250.92
	M12
	46.23
	19.01
	85.43
	7.75
	256.06
	M13
	47.51
	31.41
	75.14
	15.29
	237.93
	M14
	47.12
	33.19
	82.87
	15.24
	235.89
	M15
	48.03
	38.15
	85.58
	10.76
	244.41
	均值 Mean
	S
	31.89±7.99
	14.21±5.55
	44.99±11.78
	4.77±3.33
	172.01±25.75
	Z
	41.81±9.32
	19.96±5.17
	62.64±12.61
	5.46±3.00
	203.27±46.30
	M
	48.53±7.08
	23.13±6.76
	71.95±17.89
	6.99±4.19
	227.53±41.29
	2.7 基于灰色关联系数的加权-TOPSIS模型建立
	以红芪不同炮制品共45批样品中5种成分含量进行无量纲化处理并计算灰色关联系数[11]，参照Yang等
	图10 红芪及其不同炮制品相对接近度值
	Fig. 10 Relative proximity values of Hedysari Radi
	3 讨论与结论
	本研究在前期实验中分别考察了不同提取方式（超声、回流），不同提取溶剂（50%甲醇、80%甲醇、纯甲醇
	灰色关联系数是各个指标值与指标值中理想值的相关度，反映了指标值变异程度[13]。不同于以往中药质量评
	根据Q-Marker理论的“五要素”，有研究推测毛蕊异黄酮、毛蕊异黄酮苷、芒柄花素、芒柄花苷、美迪紫
	含量测定结果发现，与红芪生品相比，药典法炙红芪和蜜糠炙红芪样品中5种成分的整体含量均升高。这一结果与
	综上，本研究建立了红芪生品及其不同炮制品的指纹图谱及多指标含量测定方法，建立的加权TOPSIS算法模
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