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Abstract This study was carried out to obtain the basic information for isoflavonoid contents that can be used to index
Astragalus membranaceus B. cultivated in the Republic of Korea and China. Isoflavonoid contents in Astragalus
membranaceus B. which were cultivated in various areas (Jecheon, Jeongseon, Yeongju, and Taebaek in Korea,
and China) and ages (1-year-old, 3-years-old) were determined. Calycosin and formononetin as major constituents
were determinated by HPLC method in Astragalus membranaceus B. The results show that there were no
statistically significant differences for the average contents of isoflavonoids among 1-year-old and 3-years-old.
However, isoflavonoid contents were significant differences according to the cultivation areas. HPLC analysis
showed that the calycosin content of 1-year-old at Jeongseon was the highest level of 0.090 + 0.002% and that
of 1-year-old at Yeongju was the lowest level of 0.010 £ 0.001%. The highest level of formononetin content was
0.050 £ 0.001% of 1-year-old at China, while the lowest level was 0.020 + 0.001% of 1-year-old at Yeongju.
These results strongly suggest that contents of isoflavonoid in Astragalus membranaceus B. might be quite

different with respect to the cultivation areas.
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3}7] (Astragali Radix; Astragalus membranaceus Bunge)
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oM F71ATE (Fdts), HHANEE (K
%), SR LER FEEEHIY), 719718 (Hiosg
%) Y B T AelA F7|E At oY Bk
o2 ARSI AgR A ik Qb do] ofn] g}l
vk Aot [11].

o]2]3l 87|9] F£QAJHE-© Z+= triterpenoids, isoflavonoids,
polysaccharides 5°] ¥&A Qo 1yt thekst i
Eo] xg=o] & Aow Hud u g} [12]. &7l £
3} triterpenoids A4S astragalosides 2} 72 saponin
o] vt T2 23 e Aoz dEA o [13]
T3k, isoflavonoids A3¥-2 formononetin®} calycosin®] T3
ol T AJRo] A, 12]3L (6 R, 11 R) 3-hydroxy-9, 10-
dimethoxypterocarpan-3-O-D-glucoside 2} 7°,2’-dihydroxy-3’,
4’-dimethoxyiso flavan-7-O-D-glucoside2] 67}X] AJ&0]
FoAgRoF WuE vl 9t} [14-19]. Isoflavonoids ZdH-2
2 EAFALEZE (phytoestrogen) 2] YF0 7 o A~EZ
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I 724 FAMVS 7, A8 E fAlst] s E R
A dAZAZA gHA AaL, 53] 0|52 stad,
v Bl FE7RA 5] s AE 7HAAL slem, A
oM FEH] SPgE A8 2A S-8= R 3l [20-24].
B AFAae] dadTell e 719 W32 isoflavonoids
3521 formononetin¥} calycosing F& A3 & =3}
73 9 HEEHE S Vs ddaAE
A9 o] 7hsAs g1 vt Slth

dutH o= gr|= Al dgrdd wE el o,
719 A= A digk A7 Bol o] Folx whi
ol A Aulishs G719] AEAE R A Ao Wt
gk ApAgE A7 F53h Aotk wEbA] £ ATl
S71E A ATEE o] AR RISkl
s AkeFAH

7)o AFAHTOZE T8 R IHA o] H]
WA =2 isoflavonoids?] calycosin®} formononetin©.

= dAsit

7= AAEER AR AL G2 ejEAke] Sl
A7) 450 F=RE 271 1590 disted 1d 2, 39 22
719 g daE FelE (FEdyel skl A8t
Atk 3719 FE9g 9 G4 2ol AREH ethyl alcohol
(EtOH) 2 ethyl acetate (EtOAc)E AloFE-S T-l8le] 1nl
2 AFE3HaL, HPLC 48 812+ acetonitrile (ACN)
3} waterS HPLC gradeZ Fisher Aol A +d35ke] A3}
G} B7|FEEl Egkd AP E F formononetin
HEFF-S Fluka (47752, USA)OIA 913t AME3lom,
calycosin 32 AHA|H o2 BEl-54st A-8313 T
71712+ HPLC (Agilent Technologies 1200 series, UV
detector, USA), 32 &2 A27] (Eyela, Japan)7} AHE-
21tk 'H-NMR (400 MHz)¢} C-NMR (100 MHz) £}
<2 Unity Plus 300 spectrometer (Varian Unity PLUS, USA)
7} AHEE 2131, FAB-MS (Fast atom bombardment Mass.
JEOL, JMS-700, Japan)Z o]&-&le] Z=4s}9c}.

Ol

712

I

Fs =

Y SE6ss 2Y

=2Oo

ol

@71e) 27 GrsEes 298] ekl AR 1Y
< &7 80% EtOHT& FE=5 7HA3L FHdHd e
2 Fhjjg]o] ARSSlal 9= Viscozyme L (100 FBG/g, Novo
Nordisk Co., Denmark), Celluclast 1.5 LFG (700 EGU/g,
Novo Nordisk Co., Denmark), Pectinex 100 L (5,000 FDU/
mL, Novo Nordisk Co., Denmark)S ©]-83lo] G437
£ AAE

Viscozyme L2 arabanase, cellulase, B-glucanase,
hemicellulase, xylanase 5 X33 &53lE F3llas
o] Celluclast 1.5 LFGE AEZ Q2 Ealgio|th &
Sk, Pectinex 100 L pectintranseliminase, polygalacturonase,
pectinesterase S FAF 02 3= HEl Ra|gio|t} o]
FAE FEEY 1% FEE A F 50CoA] 12417F
& w7l SRS 100 mL& 7hekal =
BH} FFe] EtOAcE 7t 18 - 5531 calycosin,
formononetin®] IS =Hs)a1, 0|59 Feko] =& A
< AR At LA B ASE U)o a4

A2l Al ARS8t
1ol £& A E4X2

e A 2 AR TR FEsIpon, F
8= 719 wlgA 7R FEEHAA AL F50] &
°]gk 80% EtOHT-8&HS ARE-SFATE [18-19]. A 5%
3719 1d 2 ¢ 3d 25 4 60 A ARFste] 27
o] ¥ %, 80% EtOHFEHOZ 4AI71H4 23] HHE 35
W7} FE31TE FEANS ofERE 21 AR E o)
3 3)H] S AxVIZ SF FESl UIFEES 4
Atk o5 FZE-S 10% EtOHF8 400 mLo) THA] &3]
A7) FFH o= FfE|o] ARS8kl 1= Viscozyme LS
718t 50°ColA 12417 St e vl st vl
SlERE 2 AR R ofFsial 34 S AxV|E A9
=3l ) aaxE] B A 3] F= 2 aa
2] A3 33 g AFste] AdAPS IR

XzdEe Ea|

AL

3F719] ti3£4<] isoflavonoids$! calycosine &) Al2Hs]
IR gorE B AFx A e FAsITE &7
80% EtOHFE% 500 mg AF&-3}d 1x} ODS-A column
chromatography (2.5 cmx 20 cm)E 23} oju, o5
& &= 60%, 80% EtOHT-84-5 k2t 500 mL4 ©]-8-3}
o £EA171 & UV detectorS AFE-3le] 272 3o
2 BF3¥H Fr.l (200 mg)= F WA ODS-A column
chromatography (2.5 cm x 20 cm)S 60%, 80% EtOHI-8-<}
S 717} 500 mLA 183l 57)9) FEloz i) 80%
EtOH8-<Y ZHH-] Fr.3& §531 90% o) de] ©dst
FES Ak o]7S A%e] HPLCE MeOHZ 83 &, 57
o] §IE test tubeol] Hol 3~4U7t 4 CollA AAF}3| 35}
5 10 mgS 9tk 229 39E-2 'H-NMR, "C-NMR 2
FAB-MS spectras 217} Z743159.9H, spectral datas &
2] [26]9}F Hlazsle] o] S-S calycosin® 2 FASIATH

3}719] calycosin, formononetin®] A #E-A1.2- y1&NA| =
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ZrlEaey] (HPLC)HS 33t

HPLC £ 2702 Z-8 YMC-Pack Pro Cig (5 um,
4.6 mm x 250 mm), FAE7]= UV detector 260 nmZ 3}
Atk 742 0.8 mL/mino]H, °]5/¢2 &9 A (0.1%
CH;COOH=<S- &gt ACN)<} 81 B (0.1% CH;COOHS
g Water) 71-271-82] 2 ko] Table 19} X0l we}

AABIT AR AL FFEEEE 0.1, 0.05, 0.025,
0.01, 0.005 mg/mLZ #|Z3}3l HPLCOA] YER peak area

9] 23] W
o] FHeAE

Bgks F3E 3 3720 U} peak area AlO)
Case] AU s AET.

Table 1. Condition for HPLC analysis

Time (min) Solvent A? Solvent B”
0 10 90
5 25 75
20 40 60
30 90 10
40 10 90
45 10 90

isoflavonoids 2 FZA|7]= W Eo] Hars o] AT [26]
ol fgo] Y 2F o= o]83ly] ofefE w0l 9
o} weEbA AAAde] 3 % ‘:}o THY HEslEs 52
olg3led Aol Fallaa d ob]]— siTh Az 1
=< S7)e] g A|3EX é—v‘g &S Table 2¢] YERASLS
W, 1 Ay g7)e] F8 B4 1s0ﬂavon01ds TagA AE
2l calycosin} formononetln ghgo] A Al sHf o)
SRS & 4 U Viscozyme L > Celluclast 1.5 LEG
> Pectinex 100 L 502 3}7]¢] mj g RS a2
AZAT = AL B1EIY A, AR 2 ?i%% 271e] a4

=

18] A] Viscozyme LS ARE-S}ITH

>

Table 2. The contents of major isoflavonoids of Astragalus
membranaceus B. extracts hydrolized with various
combined enzymes.

Amount of dry Contents (%)

Combined Enzymes

contents (9/60 g)  Calycosin Formononetin

a) Solvent A : 0.1% CH3COOH in ACN.
b) Solvent B : 0.1% CH3COOCH in H.0.

X|zEM=20] st ZH2FM standard curve

Calycosin % formononetin 739] *J&FA= 0.999
ooz g Y5 sAT Calycosin®] AHFFHL y =
40805.997 x + 11.836, r = 0.99980°]%1 2™, formononetin
o] FE L y = 26738.867 x - 7.840, r = 0.99965 ©]21
. 4714 y+= peak area #t°]™ x= ¥ (mg/mL)°]Th
Calycosin & formononetin 18|31 o|5 wjgAl| 2] 3}t

ZE Fig. 19 JepSITh

(0] (0]
R,
R1

0

Calycosin [R1: OH, Rz : H].

Calycosin 7-O-B-D-glucoside [R1 : OH, R: : glucosyl].
Formononetin [Rq : H, Rz : H].

Formononetin 7-O-B-D-glucoside [R+ : H, Rz : glucosyl].

Fig. 1. The isoflavonoids of Astragalus membranaceus B.
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Non 0.53 £ 0.01 0.651 + 0.001
Viscozyme L 0.22 £ 0.00 5.752 + 0.018 2.953 + 0.155
Pectinex 100 L 0.45 £ 0.02 3.290 + 0.107 1.961 + 0.167
Celluclast 1.5 LFG 0.32 £ 0.01 4492 + 0.200 2.275 £ 0.207

0.618 + 0.011
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Table 3. The contents of major isoflavonoids of Astragalus
membranaceus B. by HPLC.

Contents (%)
Calycosin

Amount of dry
contents (g/60 g)

Areas Years -
Formononetin

Jecheon 1 13.82 £ 0.12 0.056 + 0.002 0.049 + 0.010
3 11.04 + 0.58 0.044 + 0.011 0.036 + 0.009

Jeongseon 1 18.95 + 0.97 0.090 + 0.002 0.048 + 0.002
9 3 14.21 + 0.66 0.034 + 0.001 0.033 + 0.000
Yeonaiu 1 22.93 £ 0.80 0.010 + 0.001 0.020 + 0.001
o 3 12.68 + 1.01 0.022 + 0.000 0.024 + 0.004
Taeback 1 12.46 + 0.94 0.025 + 0.000 0.021 + 0.001
3 11.63 + 0.37 0.040 + 0.001 0.026 + 0.003

China 1 37.98 + 0.61 0.087 + 0.001 0.050 + 0.001
3 20.15 £ 0.55 0.009 + 0.001 0.013 + 0.002

_La

A DR Fe AAMRE FH > G > P4

RS

Ab > AFAE > gulato g Atz o g Faale] ngEo
oFo] Y53] Wekom 5% AAE 3= 3d SRR
1'd 29 R Fo] BS & T ATk

3t7)9] F48<l calycosin 2 formononetln—— 2+ z}
Rt 19.4 min, 26.5 min®lA] peak”7} YEFSS 1515t
Calycosin 3 3" e 11d 0] 0.054 + 0.036%, 31d 9]
0.030 + 0.014%i 1'd 9] calycosin &Fo] =gkom,
A g F=4ke] calycosin o] dHlAoZ =9kt
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Formononetin®] $HF H-& 1'd 0] 0.038 + 0.016%, 33
0] 0.026 + 0.009%= 1'd = formononetin®] &) =k
o, AFLE 2 F54ke] formononetin o] AT Ao
2 =90tk ok AR, A 37| ©5 formononetin TF
calycosin ¥#o] HeS & 4 AUATH

A% 2o X|EHEC| EH|m

31719] isoflavonoids-< thi-2 vigA] Fe)z EA8kar 9l
th 2R PR aAE o8-8t uigA| Fele] calycosin
7-O-B-D-glucoside, formononetin 7-O-B-D-glucoside S F-Hl|
A FeRQ) calycosin} formononetin©. 2 H85te] x| 3%
3] FEFS sk, PR S VT FAY
T Ak 3] a4 29 calycosin B! formononetin
S Table 40 UEhHlCM, HPLC FAEZrfE18e
Fig. 2] YehiAth

Table 4. The contents of major isoflavonoids of Astragalus
membranaceus B. extracts hydrolized with Viscozyme L.

Contents (%)

Amount of dry

Areas Years

contents (9/60 g)  Calycosin ~ Formononetin
Jecheon 1 1353 £+ 0.67 0.118 = 0.010 0.079 = 0.001
3 10.02 £ 0.38 0.194 + 0.023 0.066 + 0.006
Jeondseon 1 17.46 £+ 0.90 0.096 = 0.000 0.053 = 0.001
9 3 10.80 + 0.34 0.076 = 0.006 0.040 = 0.000
Yeonaiu 1 19.26 + 0.68 0.043 + 0.008 0.024 + 0.001
9 3 1212 £ 027 0.074 + 0.006 0.031 + 0.001
Taeback 1 10.53 + 0.37 0.061 = 0.004 0.047 = 0.001
3 10.08 + 1.00 0.161 = 0.009 0.052 = 0.001
China 1 36.88 + 0.68 0.095 + 0.007 0.106 % 0.001
3 18.56 + 0.66 0.061 + 0.016 0.030 + 0.006

(@) ALl Jecheon

ujauouoWIO4

(b) madd China
80
60
40

20

T T T T T T T T
o 5 10 15 20 25 30 35 40 mir

Fig. 2. HPLC chromatogram of Astragalus membranaceus B.
root extract cultivated in Jechon and China (1-year-old,
hydrolized with Viscozyme L).

NN FEEY BAAT F A 1R o] 254
AT & g AU ol BT sk POl HE
I Tuld o] HHoz Qg Aoz AlgELh

BT 9 calycosin®] EHeF -2 1 o] 0.083
+ 0.030%, 313 0] 0.113 + 0.060%2 3'd T o] &
kaL, A G Fmahe] Fho] AiF o ESokth a4
A g oHA &skE A-vole 1'd 29 calycosin 3]
39 TEG E=PARE a4 $3d 2o 1d 2HT =
oS ERIE 4= QUL o] AHE Kol 1'd ZHT} 3d
ol calycosin HIA7} Wol FrH o e& AL &
AATE ALY, G Bk Yl 1d 2 2 3d 2
BT 3448 £ calycosin 0] 2~38] X F7ISH vt
H, A 1d 2 g FERk1d 29 B 84AE] Fo
T 3 Wt vn)gk A0 Kol calycosin HIEA|
o] %55 ¢ F AUk

&2)8] £9] formononetin ¥ W3S A EH A
2k EfEaE g Sake oF 2vlf A% FTsk o, AL
P 1d 23 39 2 B wsh vvlskaick

2R 317 Sl = Ak 8717} calycosin, formononetin
g o] 59 v A BT iAo dheko] w3tor, A
2 9l Z=r4k 87)= calycosin, formononetin®] B 71
FAoZ AA e S & 5 A, 53], Al
A 81719] A9 Fig. 20014 B nle} 2] calycosin 2
formononetin®] isoflavonoids €% =X|9F Rt 5.0 min
ool x| “Jd4=2] peak7} TR 4HA9] 7|HTH 24 e}
$E o Aok

A& o 2 3H7]o= formononetin .t} calycosin©],
formononetin WA K.t} calycosin HIFA| 7} Zo] g5
o S & Ao, 1d TEU= 3 o] HigA]
o] wol HrE AsS vFo FLE & AUTh

opde] Az Hol A B AE 8719 isoflavonoids
Shg Eobd ARt FiA o2 e5aiglon, a1dE
Fs adtha A 77 dA o2 skl
g ATk

Ok
=
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7= IdjollA] ALkER= 30 kA9 syl Qi v
o2 ARgEo] W AEA 7o AR d7e vl
Bo] o]FojA = Aot} e &71e] Al digh
RS dA) BEe] vhEERA 2 d AAS A0Sk
2}7)9] A 2 AR jsoflavonoids ] $HF EX0 sk
ATFE YTk

2B 55 37 (AIK, A, 9 B, S 1d 2
9 34 & 80% EtOHF89 F5ES 7FA]AL calycosin
7} formononetin $HFS =73} o, T3} cellulase, p-
glucanase % xylanase’} $44%<2] Viscozyme L= 7|5}
843 2s &, calycosin¥} formononetin®] S =4
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stal o2 olEY widA FF= oS3
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