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Quality comparison between traditional and cultivated Astragalus membranaceus
var. mongholicus grown in Shanxi Hengshan area
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Abstract: Objective To compare the chemical constituents difference between the cultivated Astragali Radix (AR) and those grown
in traditional way in Hengshan area of northern Shanxi Province. Methods 'H-NMR based metabolomics approach combined with
content determination based on HPLC-UV-ELSD was used to compare the primary and secondary metabolites in AR of different
growing pattern. Results Twenty-five metabolites were identified in the NMR spectra, and the major metabolites in the aqueous
methanol fraction were the primary metabolites, such as amino acids and organic acids, while the fatty acids derivatives were present in
the chloroform fraction; Multivariate analysis showed that there was no significant difference between the two kinds of AR for the
primary metabolites, but 8,2'-dihydroxy-7,4"-dimethoxyisoflavan was only detected in AR grown in traditional way. The results of
content determination of six major isoflavonoids and four saponins revealed that the contents of calycosin-7-O-B-D-glucoside, ononin,
and astragaloside III were higher in AR grown in the traditional way, but astragaloside I was significantly higher in the cultivated AR.
Conclusion The major differences between the cultivated AR and those grown in traditional way are in the secondary metabolites,
which indicates that the growing pattern is important for the biosynthesis and accumulation of secondary metabolite in AR. The results
lay the scientific foundation for the rational utilization of the AR resources in Hengshan Area.
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PRI T SRLE RIS Astragalus
membranaceus (Fisch.) Bge. 55 ' ¥ € Astragalus
membranaceus (Fisch.) Bge. var. mongholicus (Bge.)
Hsiao {1 FHARN . BUARIG R H T8 7 OB B
M BRFEPE IR PO DA A SRR I 2
I R A0 o o L PG b ek S L 2 MK
R VYR R AT IH AR R B4 s B A 52
AR EIBR” B8 CIEAER”, TR
TH LB B AR AR B R0 A 4 AR L, ZIeiiifE N 4b.
B B RCHRE SRS N, 2 SEAERE B AR K
THAEZH S HaE AT, POy “BARIEE”, R
gy B E KA 2 AR “ARGETRK .
HH TGN R B AR R DA S AR 2 U ) 2 5
AR I I 2 T, AR S
A E, R, AR WA, R,
PO TR 0 S ACIRSUE LA, S
CEIFERE, AT BRI A RS . B
PRI RS A0S PR, DI BRI 5,
R B IS, (R, BN “ 50t 7,
— AR, AT, 2 B A BEAE S
FAMER BN, AR R M AEE.

2R BT AR S B3 S R 2 R AT R
FOAEA, DR GRE W 2 il A AR e R N A T
5l SN A A A AT R G, AR
CAT O AR B AR R 75 =X e A7
UK A R 2E AT T R T, (EE SR
FEARZ A G0 I S T b A R s K IH R B R
PO GRS, T 5 W 2 A AL o7 )
WREZ, BHEWEAR M. AR R R
B 22, s e DL E . A0t
FUIE I ) B ECAE AR () Ay ol DG P o T b 7 DR 52t
e 48 i BEANRS A 3 B, IR LE 7 M AR ) U 6.2~
7.0 C, FHFEMEA 380~430 mm, S, X
Uik DA S B K S5 AR AR IR AR ALL, B B8y — MRS
A DL Y 2 BRI 2 S s SR A o3 B AN B — 1 )
B, R THANMR AR 4L B R g S
HPLC-UV-ELSD 1A, 43 55 A3 B0 94
WA R GACE Y 2 TR 2 B AR 5
PG HEAT HE AL
1 #EL UER 5
11w

T ERCZYA R A LG K [ R N EL | A T
WX, WA 1. el KEg R 2y AR 0 e

x1 HRER

Table 1 Sample information

Uiy FEHL AR AR /A
1 Ll P Y B [isgen =5
2 PG ZER PR =5
3 L PH YR g =5
4 IIDEERE S Ranges 5
5 LLvE F %€ ey R =5
6 L PE VR B E =5
7 NS Bk 2
8 LGV PR Ak 2
9 1L PG 1158 225 2
10 I Bk 2
11 L PE VR Bk 2
12 Lt iy 2 Bk 2

EMFHAR L € 5N K I Astragalus membranaceus
(Fisch.) Bge. var. mongholicus (Bge.) Hsiao []T-J5
Mo SR RE R T L R h B 25 BARHE 5T b0
FE it e
1.2 UE5RF

Waters 2695 7y [ 4% . Waters 2489 2 4ha] W&
M #%. ChromachemELSD ful#%. Empower {fi%
TAE%h, Sartorius BSA124S 3 M1 R HE A HREL
By RE-52A JEfE 78 RAX (L SR AEAAXES T s
WHERAIAR . TGL-16 fmid & XA EOHL GRS
WA DA R A ] D; SC-3160 I%1H 250 L
CZBP R AR AR A R A W) D) Bruker 600
MHz, Avance III NMR Spectrometer (600.13 MHz
JRFAE, fEEATE A FD; 700 Series i gk
FE#S (1~20 uL, 1~100 uL, 1~1 000 pL, [
Fisher). &} (35 [E Fisher AR hthiftal, /K (4
Wy ) 4y sk NMR R 5 /K (Norell
Landisville, ¢[H); =HILmkbeNmRMmLE (TSP,
Cambridge Isotope Laboratories Inc., MA); At
FUII R A3 i o S5 Bt B 388 S B0 A A B L TR
1t % . (6aR,11aR)-9,10- - H 48 3L 5 ¥ ¢ -3-0-B-D-
BIATRT CRRERETr ). 8,2 FR k-3 4~ F4
FEHLE-T-O-B-D-H B CRELi) Mg
1 1. 1. L. TV 30T B i AR A BR 2
T, SR 20120428, 20120528 20120515,
20100202 . 20111125 . 20110503 . 20120515 .
20120315; TEARAETT . B85 S W T A 2 0y
ATl SR 13021808, 13082713; it 4y
IR T 98%.
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2 HE
2.1 SRR &

BRI 2 BTGB R 7, R BRI
K 200 mg # T 10 mL BEES 208, 23 5lin 1.5
mL ZE187K, 1.5 mL FEER 3 mL S, Ino i e
V4] 1 min, #FEIEE 25 min, LA 3 500 r/min $%3%
FEUR 0 25 min, FRIPGEI K 2 7 CEE AR
oy, FERANEDD, HABERs R LT
JZ% 25 mL RJEFIR T, M2k, T
W2 7 NMR A, b AU 2> AR
M) 800 L ¥fi, /KAHF 4> FH 400 pL A FHE 5
400 pL buffer ZZ /K (KH,PO4 % T DO H, LU
1 moV/L JifRE LMW ™Y pH HS 6.8, &
0.05% TSP), AR > MFHF 2 2 mL B0,
PL 13 000 r/min #3450 10 min, F£HL 600 pL %
W E .

2.2 'H-NMR 5#f

FEfL T 600 MHz NMR % Fll5E, )& i
600.13 MHz, 74 64 X, %58 12 345.679 Hz, ik
PRIFE] 14 ps, RFERSTE] 2.654 s, FEIRISTH 1.0 s,
KFE B 40.5 ps, P9 AE 38 H02 19 2K AH SR A
noesyprld J@#1, AHFERA ZG30 J¥41.

23 WHEREARIHE

53 RS B FREOG B 88 S e s e
WNAETE . ML . makatr. BRI, W
TE, R IVY T IR T3 10 B2 &
10 mL &, FHPRES B, 5, 0 nldik
1.870. 1.360. 1.362. 0.601. 0.522. 1.254. 0.979.
0.500. 0.582. 1.972 mg/mL K% HESHIE & 57
AREGE A 25 mL Y, TR, RS,
I3 R ST BE A 200,09+ 85,61 141.2,60.1.29.2,
12.5. 62.7. 45.8. 55.9. 164.0 pg/mL 1% B 5.
24 HiXGEAERAE &

B AR 1.5 g, KRR, & 150 mL [#JK
B, DOFEE 60 mL, JUAEI 3 h, Bk, JEE
F R G 3 WK, FIK 20 mL, IRAFEIEHET,
B 208 B A 5 mL wlrh, I ES
B, A, RBIfg.

2.5 HPLC &if&4

B2 SRR I 6 10 Fhyse o R e (i,
FERFVEIE A HEA T a2 (A) -k
(B), B 1.0 mL/min, ZEAOGRK 2 SHL.
N, [ JJ 4 158.5 MPa (23 psi), FALIRE K 35 C,

ARATERE N 50 °C, H9R3{H N 5.05 Venusil MP Cg
R (250 mmX4.6 mm, 5 pm), SAMIE K
230 nm, it 25 °C, MEFEE 20 pLo BREEVENL: 0~
8 min, 20% A; 8~15min, 30% A; 15~30 min,
30%~43% A; 30~40 min, 43%~60% A; 40~60
min, 60%~100% A; 60~65 min, 100%~20% A.
26 FHEFER
2.6.1 FRifEMiZenestl i g 2l R v
AT S AN FUERIRFERAREE, K DL C ) o
T8 W0 ) T R o o) Lt = 25 e I 2 B
SRR RS54 0935, 0.312. 0.078. 0.039.
0.019. 0.010 mg/mL; X M5 PR AL T P IR i 43
524 0.68+ 034, 0.17. 0.09. 0.043. 0.021 mg/mL;
SR IR L 2 4 0.681. 0341, 0.170,
0.085. 0.043. 0.021 mg/mL; T B Hl ik )E
394 02764 0.138. 0.069. 0.035. 0.017. 0.009
mg/mL; TEARIEE TR0 0.627. 0.314,
0.157. 0.078. 0.039. 0.020 mg/mL; X} ¥ ik
FFCRIRE & 514350 0.301 0.100+ 0.025. 0.013.
0.003 mg/mL; X F B BT IV BT IR E 530 0
0.245. 0.061. 0.153. 0.008. 0.004 mg/mL; ¥ <2
A I R E 4> )04 02504 0.125. 0.031. 0.008.
0.004 mg/mL; % fEEAF 1T FUERE 44 0.291.
0.146. 0.073. 0.036. 0.018 mg/mL; 2 I i
IR 4 0.657+ 0.329. 0.164. 0.082 2. 0.411.
0.021 mg/mL, T 0.45 pm JEMRSE, HEFE 20 uL. 2
HIbRAEIhZe, FHEETT R A ETaE, W& 2.
Xof B R A S T LI 1
210 MRS FIR E A1 E VISR
Table 2 Regression data of six isoflavonoids and four
saponins in HPLC-UV-ELSD
WA v
BRI 7=55753.85 X+547.91

BriENg A
0.298~18.700 1.000 0

T Y=53 114 X+63560  0.212~ 6.800 0.9999
E 3t Y=46359X+60442 0213~ 6.810 0.9999
SR Y=36788 X+13584  0.094~ 6.010 0.999 |
BT Y=98675X—42582  0.082~ 5.220 0.999 |
TR Y=98481 X—26826  0.196~ 6270 0.9993
HEEF IV Y=1.674 X+1.788 0.076~ 4.895 0.9950
EERH I Y=1.268 X+2.584 0.078~ 2.500 0.999 3
EERH I Y=1387 X+2.414 0.091~ 5.820 0.9950
WA I Y=1.055 X+3.382 0.616~19.720 0.9990
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1-BERWE AR -5 3-ERbH  4-REbiH
S5-I E T IV 8- I

9-FICEAT T 10-3E BRI I
1-calycosin-7-O-B-D-glucoside

2-ononin 3-(6aR, 11aR)-9,10-

dimethoxyptercarpan 4-8,2'-dihydroxy-3,4-dimethoxyisoflavan-

7-0-B-D-glucopyranoside S-calycosin 6-formononetin

7-astragaloside IV 8-astragaloside III 9-astragaloside II

10-astragaloside I

1 M8B&E (A, B) MEKZH#H (C, D) # HPLC
Fig.1 HPLC of reference substance (A and B) and Astragali
Radix samples (C and D)

2.6.2 FREEEEWK  WIPURA N A, s
FE 6 Ik, LL 10 Flsesy AR E v+ 5, RSD {H4)
M 1.8% 1.5%- 1.9%- 1.4%-. 1.2%- 1.0%- 1.0%-
1.1%- 1.5%. 1.3%.

2.6.3 HEMKE KHEKRI 1 SHE/EMN 6
By, % “2.47 HUF 7k d AR W, % b
I A B A 5 o LA 10 B oy B e g5 Rt
RSD fH 54 1.3%- 2.2%- 1.1%- 3.6%- 2.4%.
2.4%. 2.0%-+ 1.5%. 2.7% 2.5%.

2.6.4 FOEMEREG HU1 S, 1% 247 1
TORERIRS AR, 3T 00 24 44 64 8.
10, 12, 24 h J5EEFEHT . LL 10 B RS2 A0 i AL U
5, RSD {H73 514 0.9%- 1.1%- 1.3%-+ 1.2%- 2.4%.
1.8%. 2.0%- 2.6%. 2.7% 2.9%.

2.6.5 IFEFEIC R B 1 S M AE N INFE
e scge i, DAZG M B RS T A 6 4 Hds
oh R B A3 TR o B S I AEAE R i 2k 10 B
J8C 43 B ) LA, 10 Fof ot 23 P 5 A J5T 5 94 B2 23 )
4 0.852. 0.247. 0.296. 0.018. 0.012. 0.158.

0.023. 0.195. 0.022. 0.521 mg/mL. %[ 25} %
%5 B 50% 100%F1 150% 23 51 I % g
W, BN ORI S ORI, “2.37 T, FEAE
(el g8 B2 EURT . FH ket 0 A 4 EORE WA o o 1) g A
FE S I — 8 5 R0 RO &, SRRl
A5 o ISR B S S TR B, A R
HCPAT AL 3 FE S, — 35 9t TP IR,
[ YE FHAE 90%~110%, Fif3 RSD {3 /N T
5.0%.
2.6.6 FESLIE B 1~12 5 &HARFEMTE “2.47
ifles, M5 mL &fCBERZIE, WL 1 mL
£ 1.5 mL MEERE/N I, 00 A3 B A . S
A, R R VBRI AR 23 R AR 20 pLs
TRy, O6f RV BORT At VR 20 ) 12
10 120 uL, FHAMFE I REDNGE o
2.7 HUEALE

NMR ##% H MestReNova (version 10.0.1,
Mestrelab Research, Santiago de Compostella, Fi¥E
F) B, AKAHLL 1.0X 107" B4 Bet b 2 RS IX
[H] 6 0.04~9.12 JEAT 7> B, Bt i 6 4.60~
5.12 (BRAx/KIE) F163.28~3.32 (HIEIE) AT
Uy, AN 6 7.22~7.30 (BRAREATE) A
HEAT B . K NMR [ 4 BB 4 B &
HPLC-UV-ELSD | 5 45 & & A SIMCA-P13.0
(Umetrics, umea, i $L ) 3 AF8E4T 3= 55 40 1 (PCAD
i fse /N — T H 543 M1 (PLS-DA). S-plot X 1% fi
WEFEATHRIN, AR VIP . CKTF 1) iz s
Y K NMR R IA I AR A AR 5 HPLC
W IR AR P 5 17 N SPSS16.0 HHE T ARG
J3H7: %F NMR A HPLC-UV-ELSD F-#k i s fit) 2 57
U H SPSS 16.0 HEATHER ST /b fegiim &
5 2 AEAR BRI 2 I 2 S LUK ST AR A ¢ A
5, P<0.05 XA REFEEZER, P<0.01 KAk
BENER.
3 ER59W
3.1 'H-NMR RitBZ 547

X PR IR KR G AH B2 A P A 10 Vg 4 i) ade
48N, KA IR 23 Pk &4, 8 s
P8 FOOBE S S50 AR =4, S P ) 2N IR
J TR Bl R T PR G 25, I LG B e I 4y 8,2'-
FEHE-7, 4 AR S ot e P DA K B4 S s A 40
FERIR ke A WL 2. 3, FTdR LB
R E i L3R 3.
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El2 fRFHEEMBHRERKE&MEGIE
Fig. 2 'H-NMR spectra of aqueous methanol extracts in traditional AR and cultivated AR

gy TR
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J | 525 A o
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24| Bk
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Fawm - A M
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3 fREERMBREXSMEREHE
Fig. 3 '"H-NMR spectra of chloroform extract of traditional AR and cultivated AR

X FAHHER Y, B LG 8 7R P o A KA
B B2 5. PCA BUSE (PCL: 35.1%,
PC2: 27.7%) Zi% (K 4-2) Won, WEEA D
B, VA —Ehsad. 7R vk
HEIRWALIN ZE S, MR N Z 7 R, (HA
R FH N A A RO i3 . HEFISER 25 R B
R, BEHT 2 P /KA IR 22 38/
SN, B 1 (PCL: 82.2%) AR
2 (PC2: 7.1%) AREPALFRIE A3 7 B (]

4-b) ATEME H, 2 P RGN A IE R
25t (HEWHTER (B 3), Frafegisi iy
A UK 2 SRR T 8,2 - R L3 4 T A AL R
Bt AHAERS R RS H RS AS B 8057
3.2 MEERSH

x4 MEsRER, 2 FEBEIET T
B LI IV RS TR kg
B A AT W A TR AR
Hrp e 1 MER B A2 B X (P=0.030),



+ 1640 + ¢ # % Chinese Traditional and Herbal Drugs 35 48 % 25 8 # 2017 %4 A
# 3 NMR REIEIAER
Table 3 NMR assignments of major metabolites in traditional AR and cultivated AR
45 Aty FHLEES bi's it FHLIERES
1 AR 098 (d,/J=6.0Hz), 099 (d,J=6.6 Hz) 14 % 322 (s)
2 BEER  103(d,J=72Hz),096(t,/=60Hz) 15 FlEm 3.27(s),3.9(s)
3 HER 1.01(d,J=7.0Hz), 1.06 (d,J=7.0Hz) 16 o300 5.26 (d,J=4.2 Hz)
4 HEAR 134 (d, J = 6.6 Hz) 17 R 542 (d,J=3.8 Hz), 3.57 (dd, J= 3.6, 9.6 Hz), 4.05 (dd, /= 8.4, 9.0 Hz)
5 AR 148 (d,J=72Hz) 18 Kk 543 (d,J=3.6 Hz),4.97 (d,/=3.7 Hz),
6 AR 160,170,190 (m), 324 (t,J=70Hz) | 19  J&Wim 12~13 (m), 1.6 (m), 2.36 (t, /= 7.5 Hz), 2.77 (t, /= 6.6 Hz), 5.35 (m)
7 LR 1.94 (s) 20 HAOE 8.1(dd,J=6.0,7.8 Hz), 8.17(dd, J = 8.4, 12.0 Hz), 4.46 (s), 9.14 (s)
8 MM 2,00 (m), 2.08 (m), 238 (m), 4.12 (m) 21 FWER 7.33 (m), 7.41 (t,J="7.2,7.8 Hz)
9 BEBM  2.15 (m), 2.49 (m) 2 HOR 6.53(s)
10 GABA 230(t,J=72Hz),3.00(t,/J=70Hz)| 23 &R 6.85(d,J=84Hz), 7.18 (d, /= 8.4 Hz)
11 s 6.03 (d,J=6.6Hz),8.21 (s),835(s) | 24 p-HiKE 1.68 (s), 0.82 (d, /= 6.8 Hz), 0.88 (d, /= 6.0 Hz), 0.89 (d, /= 7.0 Hz),
12 RAE®R  264(dd,J=93,174Hz)2.71 (dd,J = 0.92 (d,J=6.5 Hz)
3.6, 15.6 Hz) 25 82-FHE34-TH 635(d,J=24Hz),6.39 (dd,J=84,3.0 Hz), 6.44 (d,J = 8.4 Hz), 6.78
13 RAWEG  2.82 (dd, J=8.16, 16.94 Hz),2.95 (dd, AR (d,J=9.0Hz)
J=3.97,16.94 Hz)

5}

ofttitite b ofttitk

WK
150 SERH K PR
100 97| 6 40 8%
)

50 38 \ 20 30% "2

O T Tom ap 0 10.; Y
~100 11|15 w12 :‘2‘8 7 e
~150 —60

—200 —80

200 0 200 =200 0 200
t[1] t[1]

t2]

t2]
|
3
&

4 JKIEREMYI () FIS{FHEEREY) PCA BB (b)
Fig. 4 PCA score plot of aqueous methanol extracts (a) and
chloroform extract (b) between traditional AR and
cultivated AR

M KET I W 2EgamEm TREREE (P=
0.024); X T HEEISE oy, A5 400 B B 8 e i
AT R WA X 2 B i B e T
BRI IE (P=0.000), HAN KT CTHRIEEME

T 5 v AR B A R s A ia e, Bl AN %
S SEYLIN ZE R LRI F R fEgE T
R A B B P S RLe 1 R0 e B e AT 1 2 e W) 2
5 (B 5. o5k 6 Bl i f 4 Fhog 1 2E4T nfd
AR SR ST E (K 6), LS RE
i B Wk e TR AR R, MR B EER.
PL 10 R 2y B HEAT PCA, 45 3 o 2 Ak Kope
AT B X 4y, H PLS-DA HEF1 S5 45 4
A (B 7, B2 B R IR AR P 4k
PEREER.
3.3 MR IFMFURRAC G A K S 4

B R A H R 1K 23 Bl AR 4 5 HPLC
I 5E 2 10 FhRARBEATA ST (] 8),
AL TR 1L 1. IV Z R AE AR5 1) 1FAH 5%
(pearson RECKNT 0.80), (HIX 3 FhE 1 5o 24T

x4 HEBHANEER

Table 4 Quantitative analytical results of various AR samples

AU (mgg™)

FEA sanam N L TR N

e TANAETT ARG RRObErT TR EERHIV O EERTI HEETT R

TR R i
1 0.865 0.249 0.299 0.018 0.012 0.151 0.023 0.196 0.021 0521
2 0.981 0251 0325 0.020 0.011 0.126 0.012 0.184 0.008 0.547
3 0.998 0.290 0.256 0.013 0.012 0.087 0.011 0.121 0.024 0.497
4 1.010 0309 0342 0.018 0.012 0.133 0.011 0318 0.023 0.443
5 0.982 0.296 0279 0.019 0.011 0.131 0.043 0.260 0.016 0514
6 0.976 0.288 0314 0.018 0.011 0.158 0.003 0.057 0.054 0.506
7 0.838 0.196 0309 0.015 0.011 0.154 0.011 0.023 0.028 0.723
8 0.796 0302 0321 0.010 0.010 0.131 0.081 0.105 0.016 0611
9 0.809 0222 0.296 0.020 0.011 0.108 0.011 0.019 0.113 0.686
10 0.823 0.126 0.289 0.019 0.011 0.119 0.018 0.112 0.023 0514
1 0.767 0253 0293 0.016 0.012 0.064 0.032 0.135 0.020 0474
12 0.677 0.198 0312 0.020 0.010 0.129 0.048 0.054 0.030 0.729
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Fig. 5 Quantitative comparison of 10 secondary metabolites in traditional AR and cultivated AR expressed as content of compounds
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Fig. 6 Result of total flavonoids and total saponins of
traditional AR and cultivated AR
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Fig. 7 PLS-DA score plot (a) and permutation test model
validation plot (b) between traditional AR and cultivated AR
based on HPLC-UV-ELSD
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Fig. 8 Correlation analysis between primary and secondary metabolites
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