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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 A. membranaceus var. mongholicus were screened.
Methods The contents of calycosin glucoside, ononin, calycosin, and formononetin were analyzed by HPLC-DAD, astragaloside I,
astragaloside I, 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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Table 1 Habitats and environmental factors of A. membranaceus var. mongholicus

i 5 ) W /m  &#F/O 4 E /0 B W/
1 EEREE LS R A 1638 39.51 113.66 5B 30
2 BN 1597 39.55 113.62 BH 3% 30
3 BKA 1691 39.45 113.66 A B 40
4 VS R1a] 1817 39.49 113.66 3% 35
5 JER FEAY 1642 39.51 113.66 YiE23 30
6 VEJEELT- L TEBER 1 684 39.48 113.76 P BH 3 45
7 WeF A 1454 39.51 113.80 Y13k 35
8 i BEAT 1710 39.48 113.76 335 25
9 WFE 1735 39.45 113.75 P9I 35
10 VEVR ELYD A7 e A 1414 39.83 113.81 B 35
11 VR B S FEAE MRS 1 648 39.65 113.85 S35 35
12 R B HHE S [FlE) 1 659 39.24 113.76 P 3 35
13 b SALE 1 766 39.56 113.72 LB b 30
14 EEREKAES KA 1632 39.68 113.89 9135k 30
15 R 1363 39.70 113.82 3% 40
16 E RGN 1306 39.72 113.78 2 [H B 50
17 NEALAS X5 ) LiA) 1420 39.39 113.34 9135 35
18 25 A 1468 39.43 113.34 FH3 30
19 N BB EE & IKEFS 1673 39.33 113.28 9135 40
20 NEFRS SEAE WA 1749 39.35 113.31 P BH 3 45
21 e EL 4 ERIE 1 657 39.30 113.29 B 30

BB G 3, B B 103, BB AR T3, BB 74 i 35

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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IR (B), BHREVENL: 0~10 min, 18% A; 10~
35 min, 20% A; 35~52 min, 24% A; 52~60 min,
27% A; 60~65 min, 34% A; 65~70 min, 40% A;
70 min, 50% A, ARG E 1.0 mL/min; AYEK
260 nm; FEi# 25 Co

2.1.2 ORI S RS PR R S
R AT T BRI AT L 2R
PR OEE, FHTREAE, $51, Z0ldlek 4.448.
2.600. 1.396. 1.000 pg/mL (K75 A % JE A o
2.1.3  AeAEME R RS B HOR A R R
W1 mL, SEXRZE 10 mL, FIEAER; KSR
IRTR AR AR 5. 10 L, WA 5. 104 20
L, VN EAH LA, W5 o DAHERE R BEARBR (X0,
W TR M A bR (Y, dhlsbri dhek, Rl
JIRE R LMV . BES R HETE Y=9.53X10° X+
1.28X10% r=0.999 5, VLS 0.008 9~2.224 4
ng: TERAETEF Y=9.25X10° X+1.57X 10%, =0.999 6,
2P 0.0052~1.300 0 pug; BEFHE Y=1.23 X
10° X+4.8X10°, r=0.999 9, £tk 0.002 8~
0.697 6 pg: THITEE Y=1.87X10°X+1.25X10°,
r=0.999 9, ZVEJEHl 0.002 0~0.500 0 pg-.

2.1.4 AT BCSHERES, 42 50 TR
T4 3 h, e Gk 2 S0, FEMOE 1.0g, A
100 mL A, [FIAPEE 1.5 h, 5, WRIRSE,
SEZE) 10 mL I, ) 0.45 pm JEEGELL, HEFE
20 pLo 71 “2.1.17 BTSN, R SRR (1
5 I E LA 1.

2.1.5 FEHERE RS WIBOR A I, &
SEUERE 6 IR, Fi 4 PP oy 1 g AR AR o
ST I RSD . B EMITT. oW 1. BEE
SN PURAEZ Y RSD 20 B 0.21%. 0.59%.
0.36%- 0.19%.

2.1.6 EEMERE RS 1T SRS AR 1.0
g, L6y, Al “2.1.47 TR AN i
W % bR “2.1.07 AAERAAEIATINE . BT
Bt ToANAETE . BEESTEE TIRIER TE
i) RSD 435114 0.52%- 0.67%-~ 0.80%- 0.93%.
2.1.7 R tEEe H 1 SRRSO
W, T 0. 20 4. 8. 104 12 h AFEIRLER 20 L
BERERTIN, F2 4 s B 2 1 o0 1R W TR R 43 v S
RSD fH. BEFEEIF. AT BT 0.
AL Z 0 RSD 23054 0.13%- 0.86%- 0.43%.
0.24%, LU EERAE 12 h NEETE R 4T

1

N
2N3 4
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¢t/ min
I-BERHEEYE  2-5WEE 3-BEREE 4-TSWER
1-calycosin glucoside 2-ononin 3-calycosin 4-formononetin
1 HEEESXRM (A) FIEKMH® (B) A HPLC &iEE
Fig. 1 HPLC chromatograms of flavonoids mixed
reference substances (A) and A. membranaceus

var. mongholicus (B)
2.1.8  nAEEERE FREICCIDER 1 SRR
0.5g, JL6 0y, THREDFEM P2 kS B IS & (1)
TR, 4% “2.1.47 T J7ikil s sl i, 4%
FIRTPENGE . BESRTE . TIAAET . BAST
el Ny i 1 = S 1 ez S S R (£ 7l )
100.27%- 99.87%- 100.48%. 100.53%, +:RSD fii
34 0.41%. 0.60%. 1.08%. 0.32%.
22 EHEHNE
221 A& G FE Waters Acquity UPLC
(150 mm X 2.1 mm, 1.7 um), WEIAH LG (A) -0.3%
IR (B), BREUENL: 0~4 min, 20% A; 4~
& min, 33% A; 8~11 min, 41% A;
44% A; 12~14 min, 45%A; 14~18 min, 65% A.
PR 0.2 mL/min, A 30 'C, ZEKRJEHUREL
M2 S5 EREEE 70 °C, Wi a4 42 C,
RAMABUR E 2.07 L/min.
222 AREMZIHIS 2l ks SRR R 1
FEECRTE I, ST . 3 ) I o
F RS R, F25T, il R 19.2. 4.04. 1.52. 1.76
pg/mL R0 B 20l 20 34 54 6 uL X
WS, FEANBAR ARG M. DLERER (O
R AR, WETARFRAME (V) P FE, %
PRt hde, 13 B0A77 R & LG B 1
Y=3.10X10"X—1.01X10°, »=0.999 9, £k [H
N 0.038 4~0.576 2 ug; LR 11 ¥=3.27X 10’

11~12 min,



¢ %% Chinese Traditional and Herbal Drugs 38 43 % 25 SHi 201245 H

* 987 «

X—295X10°, r=0.999 8 ZIEEE N 0.009 7~
0.145 0 pg; MR I ¥=2.29X 10" X—2.83 X 10°,
r=0.999 9, ZEYEIERIH 0.003 1~0.045 1 pg; #1E
I Y=1.99X10'X—2.97X 10>, r=0.999 8, &tk
YL 0.003 6~0.053 4 pg.

2.2.3 MRS RE R T S AR A
WA 2.0 g BTRIET, A 60 mL FEE, 3 FJE
T, BIRIAG FIREEEL 3 h, SRBGR IOk 4E 2
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HIEEAT 5 mL K Flab 3D Pl [ 5 mL WK PER
RG] 20% P 5 mL UEVS, FEEVEG. T
FE 20 mL YEf, WCEEVERGR, W48 2T, FRin
R ORI e A2 S mL IR, 24, &,
HUSEEW, 1L 0.22 pm TAFLUENE, EPF3. 7F “2.2.17
TAAET, GRS ARES (15 i L 2.
224 KPR OREERIN “2.2.27 BRI
SRR SRR 6 YR, 4 4 Bl R L R T AR
SHES NI RSD {H. 3 BRI 32T 10
R M. HET T RSD 730l 0.20%.
1.14%. 0.77%- 0.60%.

2.2.5 FHEMRE BRI S AEL R K 2.0g,
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2 EHXRESMREM A) MEXHEXHFR (B) A
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Fig.2 UPLC chromatograms of saponins mixed
reference substances (A) and A. membranaceus

var. mongholicus (B)

B RSD 4350 0.12% 0.32%-. 1.17%-+ 0.56%.
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BAFRI I AT NS M. a5 R NR 3, &
SO B 5 B S ARG R A 0.958, TN ALY
L3 S B A R BN 0.578, IR 1 52 R
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R2 FHERHRTEREMEFLBSHNE 0=3)
Table 2 Determination of flvonoids and saponins in A. membranaceus var. mongholicus (n=3)
. PN /(mg-gfl)
BEREEYE SWNAT BEREN AR AERE RS T mKEE I KA I K S 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 0.0052 0.0031 1.1750 0.2735 0.0529 0.0156 0.0221 0.3641
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 05625
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 0.8235 03359 0.0149 0.0047 1.1789 04167 0.100 2 0.0182 0.0391 05742
7 0.960 8 0.446 0 0.0157 0.0042 14268 0.6194 0.082 5 0.0272 0.0392 0.768 3
8 1.1252 0.2417 0.0140 0.0051 13859 04335 0.100 2 0.014 3 0.1127  0.660 7
9 1.2147 0.364 6 0.017 8 0.0049 1.6020 0.3376 0.0952 0.0199 0.0868 0.5395
10 0.8654 0.389 1 0.0429 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 03694
12 1.1429 0.3389 0.028 3 0.0062 1.5163 0.4240 0.065 8 0.014 6 0.0206 05250
13 0.772 4 0.3207 0.006 6 0.0032 1.1029  0.3673 0.0558 0.020 0 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 07151 0.7885 0.0337 0.0302 0.0585 09109
16 0.263 0 0.183 8 0.011 7 0.0062 04647 05750 0.1242 0.043 3 0.0464 0.7889
17 0.413 1 0.207 4 0.008 6 0.0043 0.6334 0.7989 0.0314 0.0307 0.0789 09399
18 0.684 0 0.1450 0.0107 0.0041 0.8438 0.2891 0.026 6 0.0372 0.0357 03886
19 09519 0.3939 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 0.0354 0.0355 0.8346
21 0.3992 0.216 6 0.004 5 0.0031 0.6234 0.7274 0.069 7 0.0299 0.0255 0.8525
R3 FHARZRLFZERDEEMEXITER
Table 3 Correlations among contents of each chemical composition in A. membranaceus var. mongholicus
BEFAMT T BEAEW UWER O AEE RETT REN D KBTI KT EEE
BEFEMT 1
WAL 0.321 1
BT 0.091 0.087 1
ERTER —0.218 -0.041 089" 1
B B 0.958" 0.578" 0132 0174 1
BERIFL  —049° -0311  ~0.06 0.086 0516 1
FCEH 1T 0.044 0.044 -0.194 -0.197  -0.045 0.143 1
MR —0552" -0362 0331 -0.136  -0.592" 0.546" 0.141 1
il -0.74 -029  ~0.084 -0.05  -0.153 0.3l 0.248 -0.053 1
LESEDEE - -047" -0327  -0.116 0.028  -0.505" 09697 0350 0.559" 0.289 1

TRIORAE 0.05 KPR,

*

TRIORAE 0.01 AKEZE B

" means significant difference at 0.05, ™" means significant difference at 0.01 level

BRI ENE ST T (YD, e
I (Y. PR O (Y HERE (). 4
/I\’Elti#ilé\% (YTZ)O

3301 EMEEH RSN R Y,=-99.967+
0.001 X;+0.84 X3, r=0.643; Y, Ak FARAT [ 285
Y;=-2.59640.023 X3, r=0.513; Y,=-0.548+0.014
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Xo, r=0.557; Yr;=-118.761+0.002 X;+1.032 X3,
r=0.658. M RSB R LAE H, S
2y B AT RIS B ) E S A SR T
WERRZERE, JF H R IEASE, RIRERAAL T
e T T PR S R T s ) 8 S T ) 2
R, (HMCRE r AKX, RS EE
SR IR TR RN R RS S
JERIEARDG; PERAAE T o AR A .
332 mMEEKBEHRMESKHE 1=0332—
0.095 X;+3.741 X5, r=0.756; Y;=-0.221+1.245
Xs, r=0.724; ¥;;=2.952—0.026 X3—2.833X 107
X;+0.195 X5, r=0.794; Yiy=0.065—0.009 X, r=
0.435; Y1,=0.411—0.11 X;+4.793 X5, r=0.810.
MRS R AT LUE Y, S 2 b i
KR 1. BHREN TR E LY AL, F
REAEBR B (¥ v ey, FLBE S A3 38 s 35
A I SRR G, AR I R 0,
WK PR /N, B W e s B
1 2 BN E R MRS 3 AN 414 5 mT, BPRH
3 SRR (1 B A S B R I AL v, S
AT I ST s s R 3 S TR
Weny, AHAHOCREL r AHBN, RV ) 2 B
ERMA G
4 it

REY Y CR= PP s T ehee il 05 % i
WAk, BEEFEE TR ER, X
L T B N R S R R O RS
SEOL, GhA B S SR L R B I A S 1 A
RN, AT LA 520 B ) SR o 1 R R R R i
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B K AW —E R, (HERAEE.
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AR PR T R BT T AR R A 0 B
iR, A A IRET T B R AR AR
P, AT LA R 35 1) AN E R BB S R (R AT
RFROW, PORLAE I R e, HBE R K
AR i WA —E I, (HRIA K,
B 1e] (5 w0 R] e SO ML SR R A L R A
Koy HARZUR— PPN Z A E M, bR LR N Z SR
PRI, s 22T

TELL SN BRI LSS 2 MRS T2
S ALNNESE S T8 S PSR ES LY Z ph s el LIPS ¥
BYERIRIN, N Zoegiit ik, R e A
AP A AR s, nee 2 . 2 i
MERE IIHTHIT ST AHAEZRDN 70 24 i JFOR st
T PP S B il S AT DR AR A R R S i T 9 A Rt —
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