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Effects of environmental factors on quality of wild Astragalus membranaceus var.
mongholicus grown in Hengshan Mountain, Shanxi Province
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Abstract: Objective By using correlation analysis and stepwise regression analysis, the effects of ecological environment factors,
such as altitude, latitude, longitude, exposure, and slope, on flavonoids and saponins in wild Astragalus membranaceus var.
mongholicus in Hengshan Mountain and the key factors affecting the quality of 4. membranaceus var. mongholicus were screened.
Methods The contents of calycosin glucoside, ononin, calycosin, and formononetin were analyzed by HPLC-DAD, astragaloside I,
astragaloside II, astragaloside III, and astragaloside IV by UPLC-ELSD. The SPSS17.0 statistical software was used to perform
relevant analysis, and with the stepwise regression analysis to analyze the influence of ecological factors on each component. Results
The regression equations were established. The correlation coefficients between amounts of calycosin glucoside and total flavonoids,
astragaloside I and total saponins, and calycosin and formononetin were 0.958, 0.969, and 0.896, respectively and presented a very
significant positive correlation, while total saponins and flavonoids showed a significant negative correlation with the coefficient
—0.505. The content of calycosin and total flavonoids increased with the rise of latitude and altitude; the amount of formononetin
improved as longitude; The content of astragaloside I and total saponins with high quantity of 4. membranaceus var. mongholicus
grown in shady slope rised with the slope increasing and the amount of astragalaside II was mainly influenced by slope. Conclusion
The main factors influencing the contents of flavonoids are altitude and latitude, longitude has certain effect, while exposure and slope

have significant effects on the contents of saponins, latitude and altitude also have certain effects.
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Lt PG 4E LR 528 B Astragalus membranaceus
(Fisch.) Bge. var. mongholicus (Bge.) Hsiao [ /= H#i2
— P A, LY X, G S
Ko BEEEAN, W ERIERAE, SR EE AL,
TEH 2R TP AT e 44 o TE L L O™ B RS X AT
TR B B ARRSER, RO E X,
DR L B RO VR R e BT L AR
T N Ao i B B A A K L B i, IRBE T
VEPR A = FIE R, T 10 AF A VY5 e (1) 475 i A b
v A U By, 315 T K25 R GAP
WIE, IEAERUBA R RIS R . AR TR
L, BERPAE 7 VRUCR I 5~6 SE A7 B A PP 3 g 41
RS B AR B BAH R, HL B A A 2 ) ik
T A P, fE LR X A A AR IR 1300~
1 800 m f¥Llih, 3 20°~50°, +HEL KHb)FHE
e, MAEOEEMERL, AR TE R AT, RIE
TEELM BRI . A A SR R
Ay 2 I AP T B DN 250, AR SR 185
PR A 52 o v BT ORTE A WeR A, A AE e
ORI H IR T, Wk S8 AR Bn).
I A A 2 DR R AR AR T 3 B B SR 2 2
Sy, T4 05 B A RS Rk R R
(el DAORUEAS ™ AL B 2544, Jfdk—

A A RS A R R R B AR A
1 MEENEE

2010 % 10 H, fEdipgfE ik GEMBE. W
AL RET 21 MrEF AR, W& 1. 21
O AR B ECRE il 2 oy o [ B A R e b s P RS 2
Bt 245 F R 0T 5 i 208 =5 PRAT 50 70 368 58 h 58l BTG
Astragalus membranaceus (Fisch.) Bge. var. mongholicus
(Bge.) Hsiao.

O (titkali, S Fisher AH]); GEMMS 4l
K HABRHIE g Arall. B R oA,
AT RT it ) T R 2 ke A w) (B 7 80K T
98%), Ed M PEANAEZON IR T I oy
al, JBUEDEBORT 98%: MR I HEEH 1L
TOREAT L, 3 B R B I T R T s A W),
BT 98%.

Water R854 (2690 HUZE, 996 Al
2%, BI)UEFESS . Empower 03l T1EuY ). Waters
Acquity UPLC system ( —JGHEACPEAS . FF S AL FE 2% |
ELSD il #%).
2 7k
2.1 HERNAINE
211 (AiE4AF Venusil ASB {53 H:(250 mm X 4.6
mm, 5um, Agela Aw]); FshHl Ol (A) -0.3%

*1 FHERHERAHMTERRRY

Table 1 Habitats and environmental factors of A. membranaceus var. mongholicus

i 5 ) MR /m K HFE/C 4 E /O ) W)
1 HEREEILS RIEAS 1638 39.51 113.66 B3 30
2 BEN 1597 39.55 113.62 SH 3% 30
3 BXRA 1691 39.45 113.66 99 35 40
4 SR 1817 39.49 113.66 FH 3 35
5 FRIERT 1 642 39.51 113.66 [ iz 30
6 VEVE LT 2 SEFER 1684 39.48 113.76 35 45
7 WA 1454 39.51 113.80 iR 35
8 TEBERT 1710 39.48 113.76 %5 35 25
9 W 1735 39.45 113.75 I3 35

10 YRR By e TR RA 1414 39.83 113.81 Sk 35
11 VR B S AR 1 648 39.65 113.85 BA 3 35
12 VA S R AT 1659 39.24 113.76 FH 3 35
13 I 1766 39.56 113.72 B3 30
14 ERARfCES KA 1632 39.68 113.89 34 30
15 ARp 1363 39.70 113.82 ’H 3 40
16 BRI 1306 39.72 113.78 - BH 3 50
17 NEASA S X)L 1420 39.39 113.34 A B 35
18 [IFZe 1468 39.43 113.34 B B 30
19 N EFLR I S IKEERY 1673 39.33 113.28 9135 40
20 ML FIR 2 FELEThAT 1749 39.35 113.31 I 45
21 SRy L E IR R E 1657 39.30 113.29 [ 3 30

BRSO B 3, BHSONB 3, RSO AR 3, 2B 04 i

Shady slope is to north, sunny slope is to south, semi-shady slope is to east, and semi-sunny slope is to west
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HIRYAW (B, FRELENE: 0~10 min, 18% A; 10~
35 min, 20% A; 35~52 min, 24% A; 52~60 min,
27%A; 60~65min, 34% A; 65~70 min, 40% A;
70 min, 50% A, AFULE 1.0 mL/min; Ml
260 nm; FEifi 25 C.

2.1.2 RSB I R AR R S
TR T B R AT R
TR SE R, T EERSAR, #8250, 23l Ek 4.448.
2.600. 1.396. 1.000 pg/mL [K7E &%) HE AR .
2.1.3  FrdEMEREIE RS R R ORI
W1 mL, EAFZE 10 mL, HISE 49, RS EL
IRV A AR 5. 10 ul, AR 5. 104 20
ul, ENIBAR ELREA, W52 o DAHERE S B AR bR (X0,
WETH AR B I AARR (Y, sl hrrEfhsk, 5mH
TiRE ML MG . BRI Y=9.53X10° X+
1.28X10% r=0.999 5, VLS 0.008 9~2.224 4
ng: THITETF Y=9.25X10° X+1.57X 10*, ¥=0.999 6,
£RVEYE 0.005 2~1.300 0 pg; BT Y=1.23 X
10° X+4.8X10°, r=0.999 9, ZkIEVEFHE 0.002 8~
0.697 6 pg: TEHIEZE Y=1.87X10°X+1.25X10%,
r=0.999 9, £ 0.002 0~0.500 0 pg.

214 AU USRS, 7R 50 CTR
T3 h, i Gk 2 59D, KT 1.0g, TIA
100 mL A, [ HEEL 1.5 h, #8, SRS,
SERF) 10 mL B, H0.45 pm JEANERL, HERE
20 pLo 75 “2.1.17 TS AF T, 0 B bl (1
5 Ik E LA 1,

2.1.5  REPERE RS SRIGR A IR,
SEHERE 6 U, Fi 4 MrE IR R R e TR AR 2B 23
STHEIL RSD . BES L. DT B
S TUANAE Y RSD 20N 0.21%. 0.59%.
0.36%- 0.19%.

2.1.6 EEMERAE BRI 1 SRR 1.0
g, FL6 4, rnldE “2.1.47 TR 7 VAR AR
W % Bk 2117 AR SAFIATINE . BEREE
W PERNTETE . BES I PINAE R R 4L
] RSD 205124 0.52%- 0.67%-+ 0.80%-. 0.93%.
2.1.7  RoEthREe  BC1 SRR IR AR
W, 29T 0. 20 4. 8. 104 12 h RS#5WHL 20 pL
BEFERSTIN, F2c 4 Pl {28 ) o0 P g AR 20 ol o B L
RSD {H. BEFEMITF. T BT 5.
TEWITE I RSD 4051000 0.13%- 0.86%- 0.43%.
0.24%, KM MEERAE 12 h NEETE R 4T

1

I
2N3 4

0 10 20 30 40 50 60 70

t/ min

1-BETEMITT 2-0WAET 3-BEET AN 41U

1-calycosin glucoside 2-ononin 3-calycosin 4-formononetin
1 EIEREXER (A) FIEEHR B) B HPLC &ikE
Fig.1 HPLC chromatograms of flavonoids mixed
reference substances (A) and A. membranaceus

var. mongholicus (B)
2.1.8  IFEEIACRRES  FRECCIIE M 1 S
0.5g, HL6 0y, THREFES T2 R NN IE 1)
YRS, % “2.1.47 TR 7l a e i, %
FIRTIEINGE . BEARTIE . IWAET . B
El TN It T 1 o Sz S K < R I
100.27%-+ 99.87%-. 100.48%. 100.53%, : RSD {&
M 0.41%. 0.60%. 1.08%-. 0.32%.
22 BEEHNE
221 kLA A% FE Waters Acquity UPLC
(150 mm X 2.1 mm, 1.7 um), JishH 4N (A -0.3%
IR (B), BAEEVENL: 0~4 min, 20% A; 4~
8 min, 33%A; 8~11 min, 41%A;
44%A; 12~14 min, 45%A; 14~18 min, 65% A.
R 0.2 mL/min, A 30 °C, Z&AGHUN
M 28 S5 BRI L 70 °C, WiZ a4 42 C,
KRB 2.07 L/min.
222 ARAEMTZERIEIR 2 R B AR R A T
TR I, WS L. 3 0 e
F RS, R85, 20 alifilEk 19.2, 4.04, 1.52, 1.76
pg/mL A RO, A3 Y 2 34 5. 6 pL &t
WL AN ARG . DR (X0
HREAA bR, TR E (YD AR, 4
P g, 3 RA 7R R L. R 1
Y=3.10X10" X—1.01 X10% »=0.999 9, 1k ufH
7 0.038 4~0.576 2 pg; # AR I Y=3.27X 10’

11~12 min,
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X—2.95X10°, r=0.999 8 VY5 N 0.009 7~
0.145 0 pg; HEFERAF 111 Y=2.29X 10" X—2.83 X 10°,
r=0.999 9, ZMEVEHEA 0.003 1~0.045 1 pg; ¥
HAF Y=1.99X10'X—2.97X10°, r=0.999 8, £k
a4 0.003 6~0.053 4 pg.

2.2.3 PRSI EIE ORI SRR
AR 2.0 g BTRIHEA, A 60 mL HEE, & b2
F, VRRER, FIREEE 3 h, SEHGEPIBORSE S
T, 7K 5 mL, ARG, i BAHAS U S H 20 mL
FIEEAT 5 mL K FiAb 3D P15 mL WK UER,
ARG 20% VAR 5 mL YEVR, FEVRRIR. M
HE 20 mL PEM, WCHRDEIIR, Wedi =T, SR
R ORIt € A 4 S mL Bh, 384, g,
HELUEM, I 0.22 um PRALIEIE, RI45. 7F “2.2.17
TAAE T, W JRES (1) Ak L 2.
224 REERRE ORERN “2.2.27 BCI0
A BOE SRS 6 I, 4% 4 FlE AT Lo I AR AR
SHES AL RSD . AT 1L BB 1L
BRI L. BT R RSD 204 0.20%.
1.14%. 0.77%- 0.60%.

225 EEMRE ORISR K 2.0g,
L5 0,00 d% “2.2.37 TR kil R S i
P bR “2.2.17 BB RAFEATIE . AR, KR
L BRI Rt UL 3 i

L
wio L

t/ min

- 2-W R T 3-SR T I 4-3 Rt 1

l-astragaloside IV 2-astragaloside III  3-astragaloside II

4-astragaloside I
2 EEFXRAMRE A) MREHERER (B) &
UPLC &iZ[E
Fig.2 UPLC chromatograms of saponins mixed
reference substances (A) and A. membranaceus

var. mongholicus (B)

0 RSD 43 54 0.12%-+ 0.32%. 1.17%+ 0.56%.
2.2.6 FoEtEilE: B SN, 28T 0.
2.4, 8. 10+ 12 h F§# W HL 2 uL HEFEARS I, % 4 Fh
B S Ry IR T AR 70 il TE 55 3L RSD i 4521, 3%
R I ST L SRS UL S
RSD 434 0.56% 0.25%-+ 1.22%- 1.15%.
2.2.7  NEERIBCRIRES  AREL I ) 1 5 5 B
i 1.0 g, L6 4y, TREGHRE AL 23 0RE B N Od &

PRI, 2 “2.2.37 T AL, 1%
FIRTEIGE . AR, PR 1L BT 1L E
TR T 2R B [RS8 P 3548 20 Sl o
100.32%- 99.51%- 100.57%- 100.21%, 1:RSD 1H
S0 0.44%. 0.39%. 1.19%-. 0.65%.
3 BERE5HH
3.1 HEEIFEEEM S BINE

K €217 R “2.27 Tg7 vk, KRS EAT I E
AEBEE A 8 i B 25 R WA 2.
32 ERZUEMSEBEXES R

SKH SPSS 17.0 #RAXT 3 B 1 B P 24 s 43 A
BAFR A AT . TR 3, B
S5 PO T B I S A OC R A 0.958, TERRAETT
L S B RSN 0.578, R I 52T R
HEAHRRECN 0.969, BT I 5B S EAHK
FRECH 0.559, BEE il S o AE 3R I EAH O R L
90.896, S5 I IEAHDG Bl A S R R
HAK RN -0.505, BEFEEIT 52 H S B
KEECN-0.47, HEBT 1 5ol EAHEREN
—0.516, EBEFFMH HHEEH 1 KRR
H—=0.49, HEBFEMTAR. HHEEREETTS
T B AR O EIEH R, AT DAl T e w1
HAAIBEE D RN REET 1 HR S EM
KPEIEHE &, o DOl B R 1 25
SR TR T o B R s o) i B R I AR G
3.3 R EVASHR

SKH SPSS 17.0 #AXT LA LL PG VA5 LR A th pi
AR T AR, 21 AR S A
TR R A KRR, WATELEES T, Ik
ToS ROV AR R, A PR A SHERf ) 2
TCER M RIA 5 R o o 3 ) RV BE B AT T B 2E b 3
¥ 5 ANESHE A mEE R (XD 28 (X)),
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*2 FHARHSPEREMETLENSBNE =3)
Table 2 Determination of flvonoids and saponins in A. membranaceus var. mongholicus (n=3)
JRRSH / (mgg)

BEFHEIE R BESION UORER R R SRR 1 ST I BT I S B AR
1 1.207 3 0.267 7 0.0133 0.0033 14916 04104 0.067 3 0.0123 0.0526 05426
2 0.763 1 0.403 6 0.005 2 0.0031 1.1750 0.2735 0.0529 0.0156 0.0221 0.364 1
3 0.750 7 0.306 2 0.009 3 0.0033 1.0695  0.6357 0.164 0 0.0253 0.0851 09101
4 1.1854 03577 0.007 7 0.0028 1.5536 0.3821 0.1157 0.0180 0.0467 0.5625
5 1.697 5 0.048 2 0.012 6 0.0039 1.7622  0.4585 0.090 5 0.026 6 0.0409 0.6165
6 0.823 5 0.3359 0.0149 0.0047 1.1789 04167 0.100 2 0.0182 0.0391 0.5742
7
8
9

F i

0.960 8 0.446 0 0.0157 0.0042 14268 0.6194 0.0825 0.027 2 0.0392 0.7683
1.1252 0.241 7 0.014 0 0.0051 13859 04335 0.100 2 0.014 3 0.1127  0.660 7
1.2147 0.364 6 0.017 8 0.0049 1.6020 0.3376 0.095 2 0.0199 0.086 8 0.5395

10 0.865 4 0.389 1 0.042 9 0.0184 13158 0.3868 0.067 9 0.0117 0.0253 04917
11 1.750 6 0.718 3 0.0129 0.0029 24847 0.2803 0.054 1 0.014 6 0.0204 0.3694
12 1.1429 0.3389 0.028 3 0.0062 15163 04240 0.065 8 0.014 6 0.0206 0.5250
13 0.772 4 0.320 7 0.006 6 0.0032 1.1029  0.3673 0.055 8 0.0200 0.0424 04855
14 1.1349 0.2299 0.013 8 0.0046 13832 0.7648 0.093 2 0.022 8 0.0306 09114
15 0.447 1 0.226 5 0.028 4 0.0130 0.7151 0.788 5 0.033 7 0.030 2 0.0585 0.9109
16 0.263 0 0.183 8 0.0117 0.0062 04647 05750 0.124 2 0.0433 0.0464 0.7889
17 04131 0.207 4 0.008 6 0.0043 0.6334  0.7989 0.031 4 0.030 7 0.0789 09399
18 0.684 0 0.1450 0.010 7 0.0041 0.8438 0.2891 0.026 6 0.0372 0.0357 0.3886
19 09519 0.393 9 0.009 7 0.0030 13584 0.6728 0.096 4 0.040 0 0.0266 0.8358
20 0.6326 0.4149 0.009 3 0.0048 1.0616 0.6236 0.140 1 0.035 4 0.0355 0.8346
21 0.399 2 0.216 6 0.004 5 0.0031 0.6234 0.7274 0.069 7 0.029 9 0.0255 0.8525

#x3 FHEERUERSERMHEESITER
Table 3 Correlations among contents of each chemical composition in A. membranaceus var. mongholicus
ERERH ST BEREN O UWREE ARELE RRERFD ARERFID HREFI HEFRH SHDE
BEFEMT 1

TR 0.321 1

FE 0.091 0.087 1

TR -0.218 -0.041 0.896” 1

R 0.958" 0578 0.132 -0.174 1

HIRH I —0.49" -0311  —0.06 0086  —0.516" 1

BRI 0.044 0.044  -0.194 -0.197  —0.045 0.143 1

HERETFI -055" -0362  —0.331 -0.136  —0.592" 0.546" 0.141 1

HEHT —0.74 -029  —0.084 -005 0153 0.131 0.248 -0.053 1

CREPSS 047 -0327  -0.116 0028  -0.505" 0969 0.350 0.559" 0.289 1

“HKIRTE 0.05 KPERRE, “HRFE 001 KFEREH

" means significant difference at 0.05, " means significant difference at 0.01 level
RAFRE M EME VR 1 (YD, BHERET 330 P iR E  ¥,=-99.967+
I (Y. RS O (V) HEFF (). 4 0.001 X,4+0.84 X3, r=0.643; Yo Rk FAEAT [HASE,
MRETDE (Yo Y3=-2.596+40.023 X3, »=0.513; Y,=-0.54840.014
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Xo, r=0.557; Yr;=-118.761+0.002 X;+1.032 X3,
r=0.658, M LR RE T LA H, SEmiss
pF b T S T AN B = 1 S AR A R
WAL, JFH 2 A, RIRERHR AL T
ey T B T ) R T s R ) s e ) ) 2
PIER LR, (HAHCREL r AR, RN B
S R R A RN E SR
FE R IEARDG: UL o AR e A
332 mMERKETRNESHE 1=0332—
0.095 X;+3.741 X5, r=0.756; Yy=-0.22141.245
Xs, r=0.724; Y;;=2.952—0.026 X53—2.833X 10"
X1+0.195 X5, r=0.794; Yy=0.065—0.009 X, r=
0.435; Y1,=0.411—0.11 X;,+4.793 X5, r=0.810.
MRS AT R T UG Y, S rE 2 b b B
EEAF I SRR RN R R A, i
REAE B it dpe ey, FLIBH 3 )36 RT3 s 3
AT 11 S B RIEERAR G, AFEHR I R EUE 0, UE
BRI, R R s BT
L 52 2IL6 5 W% 3 AR =LA s, BB
13 P R AR IR B AR AL FE IR B R I L e, TS
B T S 8 R R SRS TR
emy, AHAHOCREL r AHEDN, B 0 i i
HR AN
4 i1ig

B O LR S S S gy,
Wk, BEFEE. TR, X
50 B T A R 5 e T [ ) R 30
GEOL, AE L B ES R R TR R A 2 1 A
JME, AT DA RS M B 1) R A 1) 3 R R R i
WAL RE, HLEIEMSe, BIBEROAN 4 R i3 i
BWARK; SR BEm, FEmA .

PR T e b RS Iy, R
AR IR, R T A A 1 AR A,
XA T AT T AR R R R R 80
SR, Ao mKE T 1SR AR R
P, AT AU Ay 3 ) AR FEE ) s B PR 2 a0 R A
B, FRER O s, HBEIR AR
AR SR HHRAE RS, (HEEmA K.
e 1) PR 5% AT e O R T R AT B AT
R, HARGZEE— R R A, 02 LR R R S
VERTROSEE i Sk — PR

L 58 1 B il SO 3L 2 MO IR 1 SR
MRS, MRS 256 BT A5G R
ERE RN, NHZ gt ik, RN HTAS
A AR A AR B2, R R, Ehiil
FEEE D HTIEIT . AR AEZS R0 206 i TOE
P rb OB Wl S AH S AR A I R ) S M T 0 AT Ry 1 —
RN
S 30k
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