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ABSTRACT : This study has been conducted to establish the optimal extraction process and HPLC analysis method for the
determination of marker compounds as a part of the materials standardization for the development of health functional
food materials from Astragali radix. Five extraction conditions including the shaking extraction at room temperature and
the reflux extraction at 85°C with 30%, 50% and 95% ethanol were evaluated. Reflux extraction with 50% ethanol showed
the highest extraction yield as 27.27 + 2.27%, while the extraction under reflux with 95% ethanol showed significantly the
lowest yield of 10.55 + 0.24%. The quantitative determination methods of calycosin-7-O-3-D-glucoside and calycosin as
marker compounds of Astragali radix extracts were optimized by HPLC analysis using a Thermo Hypersil column
(4.6 x 250 mm, 5 ¢m) with the gradient elution of water and acetonitrile as the mobile phase at the flow rate of 0.8 mL min™
and a detection wavelength of 230 nm. The HPLC/UV method was applied successfully to the quantification of two marker
compounds in Astragali radix extracts after validation of the method with the linearity, accuracy and precision. The con-
tents of calycosin-7-O-/-D-glucoside and calycosin in 50% ethanol extracts by reflux extraction were significantly higher as
1,700.3 = 30.4 and 443.6 = 8.4 ug g-1, respectively, comparing with those in other extracts. The results indicate that the
reflux extraction with 50% ethanol at 85 C is optimal for the extraction of Astragali radix, and the established HPLC
method are very useful for the evaluation of marker compounds in Astragali radix extracts to develop the health functional
material from Astragali radix.
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The chemical structures of flavonoid compounds of
Astragall radix. 1; calycosin-7-O-f-D-glucopyranoside, 2;
calycosin, 3; formononetin.
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23 AR 13 Sy 5U3 oz £ 33 4 Table 1. The yield of ethanol extracts by different extraction
A FEF T oAsslel AAESRT $EL AN conditions
Atk 0" A7) Az FZ2ES 10mgS 1mLe 50% Extraction condition Yield (%)
MeOH®l| =< 0.45 um membrane filter2 173+ & HPLC 30% EtOH, RT*** 25.58 £5.13**a*
B AL} g, = 7] 89 wir)A 23 7 50% EtOH, RT 24.15 +2.70a
i_(—ﬂ_ 501_7] /\]E._Oﬂ/ﬂgl ]_T_%_/Ké‘l?‘ —5]_%]:5 Tﬂ'/\ H]_u_o]—ﬂ ‘cl)’]gH 30% EtOH, RF**** 2426+ 2.61a
- = 50% EtOH, RF 27.27 £2.27a

0 2 ALg3le] 2om 2239t) oy I B /
50% MeOHE AHgstel & 22t o R71= & 95% EtOH, RF 10.51+0.37b
et RUANEES AMSIAE], 60mgoll 50% MeOH 1.5mL

2 EP tubed] ¥ 50To)A 308 ¢t 289 =&
Stk 282 4TA 10,000 pmo2 4R sl A5
M A7 o] AENE (045 um membrane filter® o 23t
% HPLC &4 AR&-35iTt.

Thermo ScientificAF2] Thermo Hypersil
(4.6 x 250 mm, 5 pm) HHS AME3R] 30CoNA AABIIT ©]
AL 0-30%: 15 > 55% acetonitrile, 30-35%: 55 — 100%,
35-403: 100 — 15% acetonitrile, 40-453-: 15% acetonitrile
o] 27o® 71E7] &It ol 42 0.8 mL min' S
2 38la, UV AZ719] 230 mm 3ol E45E =469

o1-=

5. Hzk2MY¥ HZ (validation)

MeOHS} DMSOE &33te] 50% DMSO LS ThEo],
EEFTA A4S Y3 AFAEES] EFENS Az

ot Calycosin-7-O-ﬂ-D-glucopyranos1de—?: 50-40,000 ng
mL" calycosin® 25-10,000ng mL! &= $]eA] HPLC
AE st BAAE FBlaL linearitys A53HiTt
QF 3%9] RN AT FFEN
I intra-day precisionE 37}5}aL, & 5
EA35}le] inter-day precisionS
(precision) ¥ FZ= (accuracy)s TAFFOZH HA
&4 (reproducibilityyS 7534 TH

KN
=

¢

P

ofr

7_} _,l—

¢

wel 2

A (Statistical Analysis System)

X2 4 (ANOVA)Z} Duncan’s
multiple range test2 F-o/dS HFaten, 7t A2k

2822} (p<0.05) F=olA SAX B ST

AT

e

-

Y,

3} (Table 1),

488

*Means within a column followed by the same letter are not
significantly different based on the DMRT test (p < 0.05).

**All values are means +SD (n = 3).

**%RT; Shaking Extraction at Room Temperature, ****RF; Reflux
Extraction at 85C.
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HPLC chromatogram of the dried ethanol extracts
from Astragali radix. A; 50% EtOH extract from shaking
extraction at room temperature B; 50% EtOH extract
from reflux extraction at 85C, 1; calycosin-7-O-f-D-
glucopyranoside, 2; calycosin, 3; formononetin.

Fig. 2.
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Table 2. Calibration data for two marker compounds.

) o ' LOD** LOQ*
Compounds  Calibration curves Correlatlo(r;2 ;:0eff|C|ent Conce(strit]lt)_?) range (ng mL™) (ng mL")
& Conc. SIN Conc. SIN
1f y = 75.2785x + 0.3098 0.9999 50 ~ 40,000 50 3.4 150 13.3
2 y = 108.2533x-4.7271 0.9999 25 ~ 10,000 50 35 125 13.0

*LOQ; Limit of Qunatatification, **LOD; Limit of Detection.
1; calycosin-7-O-B-D-glucopyranoside, *2; calycosin.

Table 3. Accuracy and precision data for HPLC analysis of two marker compounds in the dried ethanol extracts from Astragali radix.

Intra-day precision (n = 5)

Inter-day precision (n = 5)

Compounds Spiked conc. "
(ng uL™1) Measur?d RSD Accuracy Measur?d RSD**(%) Accuracy
(ng uL™") (%) (%) (ng uL™H) (%)

5.00 5.12 £0.01 0.19 102.40 5.05 £ 0.03*** 0.62 101.00

1# 20.00 20.28 +£0.03 0.13 101.40 20.16 £ 0.09 0.44 100.82
40.00 40.46 + 0.03 0.09 101.15 40.36 £ 0.22 0.54 100.89

2.50 2.51+0.03 1.10 100.26 2.50 £0.01 0.32 99.95

2 5.00 5.05+£0.02 0.41 100.90 5.05 £0.05 0.84 101.06
10.00 10.13 £ 0.01 0.14 101.34 10.16 £ 0.07 0.71 101.57

*RSD; Relative Standard Deviation, **Accuracy (%) = [Mean measured value/Nominal value (spiked amount)] x 100.
*#*All values are means + SD, *1; calycosin-7-O-4-D-glucopyranoside, *2; calycosin.

-+ dlo]Efnlo]2~o:= Luna pheny-hexyl (4.6 x 150mm, 5 zm) Z
HE ARSI calycosin-7-O-pD-glucoside, isomucronulatol-7-
O-fD-glucoside, formononetin JEE5S tFO=R A2 70]
AAES] et Ae] 8 Ex

FHAYE 9t A-ds A Ee] Aot A 4
§59] 5o g e S B4 BAA B3AEE
T2 s AHE Fark 9t} Calycosin-7-O-AD-
glucosidedll thaliX= A5 2 FHEA A EH (Choi e
al., 2005, 2007) ¥ FrlE]2 HE A} AAE HAase B4

229992 &3} (Lee ef al, 2005) So] oju] BE wu} glo]
HEA7 A 718 AR L] 2 AREER &8
% k. 28y isomucronulatol-7-O-AD-glucoside ¢} 7}
2 AlFolA Yol golskA] ¢k A3t 230 nm oA HPLC
B4 87] F2E A|EF calycosin®] formonetin Bt T
peak FZo] & FoAAROT HETFE ML JEHsl] B A
ToAE calycosin-7-O-BD-glucoside?} calicosin F &2 9]
WA NS SIS ) 7158 dES] T8 U EEE
Agsitial dAdtale] 4 #AeE A% AR A
t} (Fig. 1). F& 2] HPLC B4 245N ol &A=
oA calycosin-7-O-BD-glucopyranoside, calycosin A3%-¢]
Z¥z} 50-40,000 ng mL™, 25-10,000ng mL! &= HLlolA 3
Aol zHzb y=75.2785x +0.3098, y=108.2533x-4.7271
olaL, AT () el 24 09999, 0.9999ZA] | AHA

2

P BEEG 5 (v) Aleloll e AAES I 9
21t} (Table 2).

T ANFAEY AEIAFE (LOD, SIN>3)E EF
50ng mL! 24 wl$ Z%=rt =9hth E3F Calycosin-7-O-
D-glucopyranoside®} calycosin “3+-2] H&HAlE= (LOQ,
SN > 10y ZH2F 150, 125 ng mL'2 =3 =T}

TAHe AAES AEs] 918k Aol tiE o F
Qo] 53] WHg ¥4 (intra-day)¥} 5% S<to] mjd whE 24
(inter-day) 2= 7} A#HE Table 30| YeRHATH
Intra-day®} inter-day Y LEE RSDHSZE calycosin-7-O-4
D-glucopyranoside==  Z}ZF 0.09-0.19%, 0.44-0.62% %1 2.1,
calycosin 0.14-1.10%, 0.32-0.84%=Z YEPIT}. Intra-day2}
inter-day 8=+ calycosin-7-O-B-D-glucopyranosides= 22+
101.2-102.4%, 100.8-101.0%332H, calycosin 100.3-101.3%,
99.9-101.6%= ERstTE o]#dk A¥= ©] HPLC E4%°]
27 FEE] F AFAHEY FFEAE AT A= A
Aolct. webA olydt H5H

AFAEES Ak, HH | &
7] FE2AE AQse d €439tk Kim 5 (2007
Astragali radix®] 70% ethanol F&E°4 52 isoflavonoid
AEO 2 calycosin-7-O-BFD-glucoside, isomucronulatol-7-O-
glucoside, formononeting A|A|s}22 HPLC/UV ¥4 2748 U
af Bag wp Qlth ey o] EAlolA AAlE HPLC
chromatogram®} ¥ 472] HPLC chromatograms W] w.sPH
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Table 4. The contents of two marker compounds in the ethanol extracts from Astragali radix in different extraction conditions.

Extraction conditions r RSD 2! RSD?
(g g (%) (te g (%)
30% EtOH, RT” 731.9 +27.3d 3.7 403.1 + 6.5%*c* 1.6
50% EtOH, RT 1,041.0 + 21.4c 2.1 460.3 + 15.6b 3.4
30% EtOH, RFY 1,738.2 + 108.7a 6.3 403.4 + 6.5¢ 1.6
50% EtOH, RF 1,700.3 + 30.4a 1.8 443.6 + 8.4b 1.9
95% EtOH, RF 1,152.1 £ 37.6b 3.3 932.1 £ 12.4a 1.3
YRSD; Relative Standard Deviation, ?RT; Shaking Extraction at Room Temperature, *RF; Reflux Extraction at 85C.
*Means within a column followed by the same letter are not significantly different based on the DMRT test (p < 0.05).
**All values are means +SD (n = 3).
#1; calycosin-7-O-4-D-glucopyranoside, "2; calycosin.
Table 5. The contents of two marker compounds in the methanol extracts from Astragali radix with or without root bark.
R ¥ RSD 2t RSD*
Astragali rad . -
Sagal fadix (g g") (%) (g g") %)
Without root bark 1422 +7.1 5.0 118.9 £ 2.4** 2.1
With root bark 91.4+24 2.7 47.2+1.9 3.9

*RSD; Relative Standard Deviation, **All values are means = SD (n = 3).

#1; calycosin-7-O--D-glucopyranoside, 2; calycosin.
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o] ARgg 7] A E7F FlolX F2 AEE dstragalus
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photodiode-array detection (DAD) % electrospray (ESI)-
mass spectrometry (MS) AZ&3 A%%E HPLC Z4HES Al
A&k, 260 nmol|4] HPLC-DAD profileS ¥ calycosin-
7-O--D-glucoside,
50| Fo AAREOoE AETHI I, 4. membranceusiX F
=5 FAFS flavonoid AES -3t B sl
im 5(2007)¢] Hile= thA thE HPLC HES =
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7} 1,700.3 +30.4, 443.6+84 ;g g' ©|31T}. Calycosin-7-O-4
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