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Abstract:To establish the HPLC fingerprints of rubbed and unrubbed Hedysari Radix samples, the differences between
rubbed and unrubbed samples were compared with multi-component quantification. The chromatographic column was Angilent
Cis(4.6 mm x 250 mm,5 pm). The flow rate was 1.0 mL/min,and the mobile phase consisted of 0. 1% phosphoric acid
solution-acetonitrile ( gradient elution). The column temperature was 30 °C. The fingerprints of 14 batches of rubbed and un-
rubbed samples were established , through similarity evaluation and chemometric analysis, and the difference between rubbed
and unrubbed samples was studied subsequently. The contents of components such as calycosin, formononetin, total polysac-
charides, and total flavonoids were determined. The results showed that there were 25 common peaks in the fingerprint of
rubbed and unrubbed samples. Seven components were identified as adenosine, vanillic acid, calycosin-7-glucoside, ononin,
calycosin , formononetin , medicarpin. Both hierarchical clustering analysis and principal component analysis can be distin-
guished between rubbed and unrubbed samples. Orthogonal partial least squares-discriminant analysis found twelve compo-
nents of difference ,and the order of significance of difference was peak 25 > peak 23 > peak 14 > formononetin > calycosin-
7-glucoside > calycosin > peak 18 > peak 19 > peak 15 > ononin > peak 4 > vanillic acid. The results of content determina-
tion showed that the content of calycosin, formononetin, total polysaccharide, and extract in rubbed samples was significantly

higher than in the unrubbed ones. In contrast, the contents of calycosin-7-glucoside,ononin, vanillic acid,and total flavonoids
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in rubbed samples were significantly lower than in the unrubbed ones. The study can provide data reference for quality and

rubbing processing of Hedysari Radix.

Key words : Hedysari Radix ;rubbed ; unrubbed ; fingerprint ; chemometrics ; formononetin
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Fig. 3 Reference fingerprints of rubbed samples of Hedysari
Radix( A) and unrubbed samples of Hedysari Radix ( B)and
HPLC chromatogram of mixed standards(C)
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Formononetin ;24-Medicarpin.
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R 1 BEESARESFRIELEERMUETN
Table 1  Similarity of 14 batches of rubbed and unrubbed samples

Gt AHALRE Hir' AHRLEE
No. Similarity No. Similarity
CT1 0.992 WCTI 0. 968
CT2 0.971 WCT2 0. 969
CT3 0.986 WCT3 0.982
CT4 0.952 WCT4 0.901
CTS 0.963 WCTS 0.903
CT6 0.993 WCT6 0.91
cT7 0.991 WCT7 0.983
CT8 0. 962 WCT8 0.977
CT9 0.963 WCT9 0. 944
CT10 0.992 WCTI10 0.975
CT11 0.976 WCT11 0.93
CT12 0.954 WCTI12 0.936
CT13 0. 964 WCTI13 0. 969
CT14 0.952 WCT14 0.977
2.4.5 RESH HCA ) Z5 AT, 98 4% RN R B2 25 HFE S SR A P28, CTL
R LB P 5 R R 8 SR i 22 IR 1 22 5, A A ~ CT14 5P 55K R —25 , WCT1 ~ WCT14 55k

(1) 25 PNIAH BT FUN S B, 5 A Metaboana-  PERER R M —28 . BRIREE SRR B2 A RE Sk 2 i
lyst ( https ;//www. metaboanalyst. ca/) L) Ward B 2 DHES  AEAGMAFER S HELSM TRER
B GV Or R EE B AT RS IAE 0, SR DG,
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Table 2 Regression equation, linear range and correlation coefficient of seven components of Hedysari Radix

é > | ‘\”‘ 3 & CIII PN =N
Compund Reeression equation r Linear range  Limit of detection Limit of quantitation
v € q (pg/mL) (pg/mL) (pg/mL)
J&H Adenosine Y=23.429 0X + 22.763 0 0.999 1 0. 391 ~50. 000 0. 098 0.391
FHEZ Vanillic acid Y =26.453 5X+5.212 1 0.999 8 0.273 ~35.000 0. 068 0.273
- i B Sy

Baedt ST Y=33.102 2X +12.183 4 0.9992  0.211 ~27.000 0. 054 0.211
Calycosin-7-glucoside

TEAAAEH Ononin Y =34.413 5X +86. 068 3 0.999 3 1. 680 ~215. 000 0.410 1. 680
T FHH Calycosin Y =39.827 5X +18.583 6 0.999 3 0. 313 ~40. 000 0.075 0.313
TEABAEZ Formononetin Y=54.327 1X +195.576 5 0.9992  2.328 ~298.000 0.582 2.328
i ERE Medicarpin Y=14.083 4X +43.795 5 0.999 3 2. 031 ~260. 000 0.521 2.031

R KREE.ESNH.REMERER
Table 3  Precision , repeatability , stability test results
RSD(% )

Ji43 Component

K532 Precision

FaE M Stability

H 2 M Repeatability

ARt Adenosine

FHFHEMAR Vanillic acid

B F I Calycosin-7-glucoside

1.1 2.7 2.2
1.1 2.8 1.3
1.0 1.8 2.5
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2:5% 3 ( Continued Tab. 3)

RSD( % )
Ji43 Component
K585 BE Precision FasE Tk Stability F M Repeatability
TEMIAEE Ononin 1.0 2.9 2.2
B F I Calycosin 1.0 1.6 1.6
TEARAEZ Formononetin 1.0 0. 80 2.2
FEERE Medicarpin 1.0 1.0 1.8
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W, mL T 10 mL 22 i, di e 1 mL &
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Fig. 8 HPLC chromatograms of mixed standards solution ( A)and rubbed samples
of Hedysari Radix(B)and unrubbed samples of Hedysari Radix(C)
TE LR 5 10-7F RER 5 13- 80 57 SO 5 16- 25 AL T 5 17-B 30 5 B0 s 20- 1AW 1E 38 5 24- £ 28 MK . Note : 1-Adenosine ; 10-Vanillic acid;

13-Calycosin-7-glucoside ; 16-Ononin ; 17-Calycosin ;20-Formononetin ;24-Medicarpin.
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nm Kb G A . DAV X, RO R Y, 2l
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96 g A5 S BR F A0 BESIAR, A H .
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WREE , LIS 25 U RAE S [, 76 260 nm 4
W SCEEAR . DAMREE R X, OGRS Y, il br v it
4% Y =27.946X +0.020 6,r =0.999 2, £k P B Ky
2.4~96.0 pg/mL,
2.7.4 FixFEK

2 (P FE 25 L) 2020 AR R 7 w0 S A
JE AR e M AT %%, I RSD {34 43 ) R
0.2% 2.9% .2.3% , -2 kL [F YR Ky 101. 7%
RSD 4 2.2% (n=9),
2.7.5 4AEng

FEHR“2.7. 27 TR J7 i 43 il 25 14 HEPE SR
AR b S VA TR, H R 2. 7. 37 TR Jr ik
AT, D B & i, G5 SR LR 4
2.8 EHYNE

A = 24 80 (2020 AR 26 DU AR R 1 3R
I E (I 2201 ) T Y ORI E,
45% CEEEIEF L G5 R WK 4

R4 BEMAEEHRPESHSCBUELR (v25,n=3)

Table 4  Content determination results of compounds in rubbed and unrubbed samples(;c +s,n=3)

- HHIR B B B - pe . . e~ LB 4=
Lo mar TTRECCBEFREE BER e g osmeewz SE0 By,
ETR= . Vanillic  Calycosin-7- W T ; . ;] ; Total Total
Adenosine . . . . Ononin  Formononetin Medicarpin . R Extract
No. (ne/e) acid glucoside Calycosin (pe/) (pe/s) (ue/) polysaccharides flavonoids (%)
" (he)  (uw/e)  (pe/e) ° (%) (%)

CT-1 40.16 +0.47 16.71 £0.15 1.04 +0.03

CT-2 38.02+£0.63 16.91£0.17 1.66 0. 02

CT-3 26.30+0.75 16.72+0.51 0.92 +0.02

CT4 24.92+£0.50 11.49 £0.09 0.97 £0.03

CT-5 37.37+0.72 19.17 £0.48 1.46 +0. 04

CT-6 41.87 +0.67 15.31+0.03 1.36+0.03

CT-7 41.97 +0.53 18.13 £0.47 1.44 +0.02

1.96 £0.03 58.93+1.76 142.69 £3.87 36.45+0.87 5.83+0.20 0.87 £0.04 36.83 +0.19

1.42£0.01 49.99+£2.27 91.72+3.72 45.51+0.80 6.68+0.13 0.80+0.02 38.23 £0.46

1.51£0.06 44.99 +0.27 118.69 +3.53 14.91 £0.46 7.50+0.02 0.79 +0.01 38.09 +0. 21

1.23+0.00 54.40+£2.16 98.48 +4.24 16.73 £0.45 7.66+0.19 0.84 £0.02 43.76 +0. 68

1.96 £0.05 70.80 £2.12 157.33 £2.00 28.31 £0.84 6.68 £0.25 0.76 £0.01 38.43 +0.25

1.58 £0.02 66.26 £0.06 150.72 +2.86 30.61 £0.07 7.50+0.13 0.84+0.03 35.79 £0.89

1.60 £0.04 76.65+1.88 158.79+3.68 29.43 £0.95 5.51+0.09 0.83+0.01 43.51=+1.04

CT-8 36.91+0.39 17.66+0.29 1.63+0.03 3.00+0.05 70.81£2.01 150.24 £1.70 34.69 £1.05 5.81+0.15 0.90£0.01 36.65 +0.31
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214% 4 ( Continued Tab. 4)

HR BRSEIE BER . - ek g R JE8 ;
. I L T L T e S Lt £ W
Y5 . Vanillic Calycosin-7- i X X , X Total Total
Adenosine . . . Ononin ~ Formononetin  Medicarpin . R Extract
No. (pe/e) acid glucoside Calycosin (ne/e) (/) (pe/2) polysaccharides flavonoids (%)
‘0
PEEL (wre) (wwe) (wwe) MR nee nee (%) (%)
CT9 17.84 £0.48 8.35+0.25 1.24+0.03 1.53+0.04 28.16+0.90 89.23 +2.21 28.27 +0.64 8.52+0.28 0.82+0.02 45.35+0.84

CT-10 20.76 £0.57 12.59+0.21 1.16+0.03 1.06+0.02 41.54£0.22 67.43+1.31 14.99+0.14 8.35+0.23 0.92+0.01 36.46 +0.73

CT-11 23.57+0.05 13.94+0.22 1.17+0.04 1.47+0.03 44.95+1.05 109.04 +£0.59 28.45+0.36 6.68 £0.11

0.82+0.03 37.80+0.89

CT-12 34.90 £0.77 12.60+0.32 1.14+0.03 1.40+0.01 43.83£0.07 70.21£0.57 15.95+0.10 7.73£0.14 0.84 £0.03 35.35+1.00
CT-13 29.44 +0.77 11.17+0.03 1.36 £0.04 3.04+0.05 47.77£0.27 79.65+0.35 12.64 £0.13 7.37+0.26 0.91£0.03 38.07 +0.52

CT-14 23.04£0.46 11.74+£0.20 1.54 £0.01

2.71+0.08 52.50+1.27 85.26+1.48 13.84+0.42 7.76£0.05 0.91+0.04 35.27 +0. 86

WCT-1 27.43+0.12 16.88+0.09 2.94+0.04 1.46+0.05 62.50+2.04 10.67 £0.36 58.28 +1.54 5.64+0.10 0.88£0.02 29.86 +0.37
WCT-2 19.61 £0.51 17.34+0.20 1.82+0.04 0.89+0.01 58.83+1.50 43.70£1.29 13.42+0.43 2.12+0.08 0.81+0.01 35.17 +0.21
WCT-3 31.65+0.35 16.98 +0.14 2.07+0.05 0.40+0.01 67.33+0.76 41.483£0.34 12.70+0.45 3.98+0.26 0.90+0.03 32.02+1.53

WCT4 26.67 +0.18 12.31+0.20 1.66+0.04 0.50+0.00 54.58£0.47 59.31+1.89 45.62+0.51 2.27+0.07 0.99£0.02 25.84 +0.69

WCT-5 21.39£0.23 20.37+0.12 1.83£0.02 0.92+0.01 59.07 +1.03 70.23 £0.85 56.13 +0.62 2.44 £0.11
WCT-6 28.13+0.41 18.55+0.15 1.91+0.02 1.20+0.03 75.54 £1.38 69.06£1.09 22.22+0.46 4.31£0.21

1.05+0.01 29.57£0.27
0.91+0.01 29.60 =0.36

WCT-7 44.83 £0.33 19.14 £0.18 2.78 £0.07 1.56£0.03 106.28 £1.11 77.78 +0.64 24.25+0.38 4.79+0.20 0.94+0.01 31.20 £0.51

WCT-8 36.24 £0.92 19.48 £0.13 2.84 £0.05

1.78£0.05 85.71+0.85 111.9+1.76 84.23+0.79 5.23+0.16 0.90+0.02 34.72+0.82

WCT9 27.10+0.06 17.29+0.29 1.71+0.04 0.78+0.02 85.46+1.27 75.01 £1.44 29.55+0.20 5.86+0.22 0.82£0.01 28.36+0.43

WCT-10
WCT-11 38.60 £0.31 18.34£0.28 2.07 £0.04
WCT-12
WCT-13  38.84+1.10 18.18+0.18 3.24 +0.08
WCT-14

20.17 £0.31 16.24 £0.17 1.85+0.05 0.85+0.02 76.18 +2.14 12.46 +0.12 26.92 +0.43 4.84 0. 18

28.29+0.74 17.64+0.13 1.94+0.05 1.01+0.03 117.99 £1.60 22.75£0.23 40.27 £0.33 6.94 0.17

38.70+£1.89 16.91+0.09 2.77+0.04 1.63+0.03 161.83 £2.30 27.64 £0.25 65.36 £2.06 4.20+0.19

1.04£0.02 28.65=+1.12

1.12+0.02 81.04+1.49 73.42+1.58 23.84+0.45 6.55+0.05 0.85+0.03 31.55=0.56

1.16 £0.03  27.17 +0.49

1.51£0.04 158.23 £1.62 29.21 +0.55 68.13£1.02 4.49+0.24 0.99+0.01 25.81£0.75

1.03£0.02 31.68 £1.03

FHIE SR BN, ARG RN T e
B TR O A S AR 7 B, BEARHRE i oA
AR B A7 34 o 43 B0 o 112011 +
33.75.1.82 +0. 64 pg/g, Wi B T A8 4 bk S s
WitE 2 51.71 £29.57 pe/s. B R 1,12 +
0.43 pg/g WP & i (P <0.01) , BEAEMEM A
FEIR eOAR AT S R A Y T 2 il
14,47 £3.21 53.68 +13.58 .1.29 £0.24 pg/e,
WAL TARPE SR A RLR 17.55 £1.90 pe/g.
PRGAETE 89. 33 £34.90 pe/g. T i S #H 2.24 +
0.54 pg/g P& & (P <0.01), EHMEMEEDN

BREFAGIIFE (P <0.05), MRH Al fE2
BN SE S R EF LS EE L (P>
0.05),

ST REPE SRR A P o R W I T2 T A
A BIR (7.11 £0.94) % (38.55 £3.26) % , W i
TR TP A2 (4.55 £1.50) % R W)
(30.09 £2.88) % [ -3 & (P <0.01) , 2T 45 5%
A5 it v B R (94 F 3 Jo £ 53 %0CR (0. 85 +0.05) %,
A A R 42 A5 FE b b BB (0. 95 +£0.10) % 1)
P E R (P <0.01) 4521 LK S,

RS BEEEREFHRMIER KEHER

Table 5 Independent sample ¢ test results of rubbed and unrubbed samples

A
Compund r t ¥ ’
&4 Adenosine 0. 459 0.219 26 0. 829
FHEBZ Vanillic acid 0. 009 -3.092 21 0.006 " *
EEEF AT Calycosin-7-glucoside 0. 000 -6.034 18 0.000 " *
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#3% 5( Continued Tab. 5)
AN
Gt r z 4 ’
MAGAERF Ononin 0.014 3.562 17 0.002"*
B M Calycosin 0.177 3.412 26 0.002 * *
A FEZ Formononetin 0. 420 5.036 26 0.000 " *
FjH 4 ZE Medicarpin 0. 003 2.382 18 0.028 *
JZ M Total polysaccharides 0. 200 5.425 26 0.000 " *
JHER Total flavonoids 0.014 3.384 19 0.003**
2 Extract 0.818 7.278 26 0.000 * *

" *P<0.05,**P<0.01,
3 WitE%R

AP 1AL P AR R A A e SUR
AHEUHE AU 8 o TR BTSSR AL
PEART R o A2 U A 2 — B, (B T AR N
225, Y8 W o) & B 22 IR AR 22 S k.l
HCA [PCA ¥ 0] W] i [X 53§ Z% oA $E 2% 4 i, OPLS-
DA SEHRF 12 AN e 7 FR S A B R A €0 1 e, 53
B AU 25 (U 23 W 14 PEARAE R B S AR
B S B 04 18 (U4 19 I 15 SRR H g 4 7
B .

I AR AT B & B E , R AL AR
i o B PO AR AR S B 0 A,
B e B A AL R A S R TR
e, AT BB AL 2 D3 o 8 2457 31X — BB ) 27 0
W 2 A5 T T g AR W2 b K, OF
B 122455 1 248 N BB AL, S DR SN AE R G ik
o b OB S B I Tl BRI RN R R A
BRI IR A MR &R
Tl 45 RSG5 R 46 1 R ik sl 3R, 5 1 vk AR AR 4
Er S AR O R 4T . QLA
YERIT 12245 5 SR LA ) B 1l iE Piezol 25
BIUBE T BR0E 0Y DCBRE DI R AV A5, Piezo B AL 3 22 A A=
AR A PEAR AL 3R 45 S B 28 i o0 AR ) L A
AOCE A B, 51 R AR Y kR
A2 B AN TN 2T 1 S I B T A B R
1B 2 A R IR A

PR TP B2 RIS TS AL
B T, ML T RE AL g (2 fd 4 45 44 1)
AR R B GE R BEIR 2 BEER T AN MR R A Y
S3 TR F 2, B T RS L 20
BRI, PRk DR = L, T AR
SE R TSR AL T 6 8 S B A5 K T 1 B

PN FEACTE I P P 1) S B 028 o), 8K
LB A

ARSI R G — I 3 25 PS8 T 4R SO E
PEAN 22 0 B R34, S 07 L R ki
HER AR TRAUEIESS SRS 2 i
IR X P 2R MR B2 A i HEAT T IX 20 55 LU, R
T LR R R AL 5 i A A L, D 41 RG 7 M
AN TARUEREAMGE AR S %
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