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Abstract: Objective To explore the differences in the concentration of the primary medicinal components of Astragalus membranaceus
var. mongolicus across diverse regions, and to explore the association between the content of these medicinal components and geographical
or climatic factors, including longitude, latitude, altitude, light intensity, temperature, etc.. Methods HPLC was used to determine the
content of four astragalus saponins and eight flavonoids in 4. membranaceus var. mongolicus from seven production areas, including Dingxi
City in Gansu Province, Datong City in Shanxi Province, and Yulin City in Shaanxi Province, China. These components include
astragaloside 1V, astragaloside I, calycosin, etc. This study compared and contrasted the differences in component content among A.
membranaceus var. mongolicus harvested from these diverse regions. Furthermore, it investigated the relationship between the component

content and geographical or climatic factors through correlation analysis and path analysis. Results The results revealed significant
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differences in the content of 12 medicinal components of A. membranaceus var. mongolicus across various regions. Specifically, the content
of astragalus saponins and flavonoid glycosides in specimens from Datong City was relatively higher, and the content of the glycosidic
components of flavonoid glycosides in specimens from Dingxi City is relatively higher. The correlation analysis further demonstrated that
regions with higher longitude favored the accumulation of astragalus saponins and flavonoid glycosides, whereas regions with lower
longitude were conducive to the accumulation of the glycosidic components of flavonoid glycosides. Further path analysis results indicated
that the effect of longitude on these pharmacological components was mainly related to precipitation and lighting factors. In addition,
higher solar radiation in September and less precipitation in April were conducive to the accumulation of flavonoid glycosides. The above
research results have important guiding significance for the targeted cultivation of high-quality 4. membranaceus var. mongolicus.
Conclusion There are significant differences in the content of saponins and flavonoids among 4. membranaceus var. mongolicus from
different regions. Factors such as longitude, solar radiation in September, and precipitation in April have significant effects on the
accumulation of these components.
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mAE PR —3hE, AR 2 AR . 21t (Bge.)Hsiao.. FTEFEMSGE— 50 CHF. F78. i
R R R S e A ORI S R 4 SimE .

*x1 ARHERER

Table1 Sample information of Astragali Radix

%5 SRAEH /() /(0 HH/m
S1 Bk VG 44 AT AR T 79 B = ) B RS A 109.95 37.69 900
S2 % 76 48 A AR T I B = 1 AR N A 109.91 37.70 993
S3 B 76 48 M AR T I B = 1 A R SR A 109.89 37.72 1081
S4 B ITIN T R A 2 ETH 111.60 39.08 1372
S5 L P 48 K T VIR B vb 3z e A 113.83 39.78 1380
S6 L P 48 K T VIR B vb 3z e A 113.83 39.78 1380
S7 Ll P2 K [ T VAR U 2 7 T 2 113.76 39.58 1556
S8 Ly P 2 K [ 7T VAR U 2 7 T 2 113.76 39.58 1556
S9 THE BT 1 2 IV R 107.03 37.56 1 480
S10 THE BT R 1 2 IV 106.98 37.55 1 480
S11 THE BT E T 1 2 IV R 106.98 37.55 1 480
S12 THE BT 1 2 RV R 106.98 37.55 1 480
S13 THE BT R 1 2 RV R 106.98 37.55 1 480
S14 7 B[] J5 T 32 L3 R 2 ) B 106.91 35.79 1611
S15 7 B[] J5 T 2 R B B A R A 106.71 35.93 1 590
S16 7 B[ R T B PH B A B A A 106.72 35.88 1557
S17 T 5[] T PR R bR £ 2R SR A 105.94 35.58 1 845
S18 o B[] iR T A LD A Y S A 106.06 35.57 1950
S19 7 B[] J5 T AR R Y A 106.03 35.58 1950
S20 7 B[] J5 T P A L R R R 105.85 35.51 1792
S21 PN 5 o A R 1 ) 1 B 2 = AN R BB 110.85 4122 1786
S22 PR 5 o AN R 1T 1 B 5 22 AN IR s IR 110.85 4122 1786
S23 Hol4 e ra B v 2 SUR A KT 104.41 35.17 2000
S24 A B T T B P S OUR B R A A 104.38 35.17 2 000
S25 N E P TR VY 2 BHEURT AR 104.52 35.03 1852
S26 N E v B v 2 E R E N 104.57 35.06 1852
S27 HR 44 v T Bl VG B4 A 104.49 35.24 2297
S28 R4 e v T Bl P A 104.49 35.24 2297
S29 R4 € v T Bl PE A M 104.49 35.24 2297
S30 HoR A e v T Bl P AN 104.49 35.24 2297
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21 AKEFERTESENE 2.1.2 FHRGIERIHIE o iR A AR I R

2.1.1 HERSERAE S ORERERE SR 3.0 MEKEFL I, OB SEE, HREEE, &
g, MFEE 40mL, HAE A 80min, LL9000r/min T 10 mL B, HISHREWRE D5 0.144.

(PG B0 S min, WIE EIEHT 250 mL KK 0.503. 0.246+ 0.154 mg/mL (X HE S i &9, 0.22
W, BRI 40 mL FEEEE FIAEAE . BO0EME, um FFLIEREEE, & .

H3F 2 R ETEBORIE, 65 CIEIEMET. it 213 @ikt XTERRA@MS Cis (ilhf: (250
IR, AT 10 mL B, 022 um #FLIE mmX4.6mm, 5um); RN ZIE (A K (B);
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[T, 2-MEREHIL 3-HEREHIL 4-HKEHL
1-astragaloside IV; 2-astragalus saponin III; 3-astragalus saponin II; 4-astragalus saponin I.
1 4MEEEERSMRME A). BEER B) REABF (C) &iLE
Fig. 1 HPLC chromatograms of four kinds of astragalus saponins (A), Astragali Radix (B), and blank solvent (C)
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2.1.5 ZAMEFEL KRNI “2.1.27 i i
aAOE R, MR E S, AR KPH R ERE
235259 0.120. 0.072. 0.048. 0.024. 0.012 mg/mL ]

X S , HEETHIREIRE 5N 0377,
0.251+ 0.125. 0.063. 0.031 mg/mL F %} & 5 fif 257,
HERHIEREST AN 0.148. 0.099. 0.049.
0.025. 0.010 mg/mL 0T B G il 25V, B RS2 T
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Table 2 Regression equation, determination coefficient, and linear range for determination of astragalus saponins

D% EVEWY = 2 G RN TS
FEHT Y=1.268 4 X+5.695 2 0.999 5 0.120~1.44
BT Y=12167X+79743 0.999 2 0.314~5.03
BRI Y=1.3829 X+6.532 8 0.999 3 0.099~2.46
R I Y=1.4852 X+6.430 6 0.999 2 0.124~1.54
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100.7%- 99.27%, RSD {85 5N 2.78%- 2.13%-
2.55%- 2.86%, FForER,
2.1.10 FERIE  BOERFEGRAR, 4% “2.1.17 Ti
Bl HER VA, HREERERI, AT 4 PR
T & . KA HPLC ENE BE T I . T4
. BEG. Bl BERAEE. TRIER.
ST SRS R, PRI i AR
JRIEAERE VLSS
22 WHRWESSITEE

FET AR R EWE E (https:/www. worldclim.
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Table3 Analysis of variance results of content of four astragalus saponins in Astragali Radix from different regions ( X £ S)

P

Fiw o #/(mg-g ™)

W B WS =gl LS
TP NE] 0.4010.08a 0.3840.07a 0.10+0.01a 0.3540.05ab
Hil e 0.35+0.05ab 0.26+0.06b 0.09+0.03a 0.20+0.16b
7 5[] iR 0.41£0.16a 0.24+0.09b 0.09+0.03a 0.15+£0.09b
PN 5y P A R 0.26+0.02b 0.25+0.03b 0.09+0.01a 0.27+0.01ab
TERAE 0.27+0.08ab 0.30+0.18ab 0.09+0.02a 0.5340.48a
P 0.29+0.02ab 0.24+0.03b 0.09+0.00a 0.3610.03ab
I 77 A A 0.28+0.04ab 0.234+0.07b 0.061+0.02b 0.31£0.12ab
F 5.12 3.50 322 5.46
P <0.001 0.004 0.007 <0.001

NETFRRFEEREAG0HE L (P<0.05), T,

Different letters represent significant difference in content between different subsets (P < 0.05), same as below.

x4 BEHEE SHRIISEMNHENNER (X5)

Table 4 Analysis of variance results of content of eight flavonoids in Astragali Radix from different regions ( X + S)

FiE 5% (mg-g")

4y _—

EEFET W SN RukE  EEREW LR Kk Sk
ITipNG 1.31£0.16a 04740092  095+£022a  046£0.08a  0.09£0.04b 0.04£0.0lbc  0.0620.05ab 0.13£0.07b
HlE T 04740.25¢ 0.194£0.09c  02240.10d  0.17£0.09  029£0.12a  0.13+0.06a 0.12£0.09% 028+021b
T 5 [ )5 0.53£0.16¢ 0334£0.11b  026+0.08d 0210176  0.10£0.07b  0.05+0.03b 0.080.05ab 0.14£0.05b
WEEIFATER:  04340.12¢ 021£0.07c 027420084 02240050  0.05£0.00b  0.0310.0lbc  0.0610.02ab 0.29£0.06b
THRE 0.60£0.12bc  035+0.08b  032+0.16cd  040+026a  0.12£0.06b  0.06+0.01b 0.07£0.03ab 0.52+037a
g 0.7940.04b 04940.02a  043£0.02bc  02020.020  0.10£0.01b  0.0840.00b 0.050.00ab 0.05£0.00b
I 7 i 0.6820.1bc 0.1940.03c  051£0.04b  02520.04b  0.02£0.00b  0.0040.00c 0.01£0.00b 0.08£0.02b
F 36.13 19.55 57.33 21.81 18.69 430 8.80
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001
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Fig. 2 Heat map of correlation between 12 component contents and key climate factors
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x5 HYRHESESHEBESEEFHERIHER
Table 5 Path analysis results of content of medicinal ingredients and geographical climate factors
X N [EFSHERES

2 RERRT  HEEERA Xi X2 X3 X4 . X: : X X7 Xs syl
4MEREHLE Xi ~1.76 100 -054 165 163 09 148 106 -099 3.5
X 0.29 0.09 1.00 -0.12 0.01  -0.09 0.06 0.15  -0.03 0.13

X3 1.75 -1.64 -0.75 1.00 1.49 1.30 1.20 0.84 -122 -044

Xy 0.09 -0.08 0.00 0.08 1.00 0.05 0.09 0.08 —0.06 0.07

Xs -0.45 0.24 0.15 -033 -0.23 1.00 -0.11 -0.10 0.38 0.28

Xs -2.49 210 -049 -1.71 236 —0.64 1.o0 223 132 -1.87

X7 1.89 -1.14 1.03 0.91 1.60 0.43 1.70 1.00 -120 2.03

Xs 0.66 037 -0.08 -046 -046 —0.55 -035 042 1.00 -1.50

4 Pt B Xi 2.05 1.00 063 -191 -190 -1.11 -172 -1.23 L.I5  —4.11
X -0.78 -0.24 1.00 0.33  -0.03 026 —0.15 -042 0.09 -0.32

X3 0.96 -0.90 -0.41 1.00 0.81 0.71 0.66 046 —-0.67 -0.25

Xy 2.97 -2.76 0.13 2.53 1.00 1.50 2.81 251 -2.08 1.82

Xs -0.25 0.14 0.08 -0.19 -0.13 1.00 —0.07 -0.06 0.21 0.14

Xs -0.93 078 —0.18 -0.64 -0.88 —0.24 1.00 0283 049 -0.70

X7 1.46 -0.87 0.79 0.70 1.23 0.33 1.30 1.00  —0.92 1.56

Xs 0.27 0.5 -0.03 -0.19 -0.19 -023 -0.14 -0.17 1.00 -0.61

4 M TS & X 242 100 074 227 225 -132 204 145 137 488
X -0.75 -0.23 1.00 032  -0.03 025 -0.15 -0.40 0.09 -0.30

X3 -2.25 2.11 0.96 1.00 -192 -168 -154 -1.08 1.57 0.56

X4 5.62 -5.22 0.25 4.79 1.00 2.84 5.32 475 =395 3.43

Xs 0.14 -0.08 -0.05 0.10 0.07 1.00 0.04 0.03 -0.12 -0.10

Xs -0.78 0.66 -0.15 -0.53 -0.74 -0.20 1.00  -0.70 041 —0.58

X7 -1.86 .12 -1.01 -089 -1.57 -042 -1.67 1.00 .18 -1.99

Xg 0.64 036 -0.08 -045 -045 -054 -034 041 1.00 —1.46

s, HEESERREIIN-1.76, 2.05, 242, [A] 4 g

BEEAE RN 3.55. —4.11. —4.88; H|AlpEiE S
RELAHME R KT HE0E A R E, BARME
77 R o 9 H K PHAE S Sl SRR oISk
oy B R F s, O E B8R REU N
297, 5.62, [M#ELRE N 1.82, 3.43. 7 HK
FHAR S0 4 Feh g i o0 2 Sk 2 Bk 1) B m) )
HABES REON-2.25, MIE@AE REUEFN 0.56.
323 AT MRS BRI ER,
ZESHKEE TR TEREEMERKR,
ST GRS SR EAMEKSKR. MEERK
1 XA )T 2 B I R AR, &
JE BN XA R T B B U A R .
WIRAR MR, S REXT R85 & B A
54 A7 ABKE. 7 A K9 A KMHERA.
A FIRGERIE R, EETH RS S EE 9 AR
FHARST 2 IEMR R, 5 4 ARBKEZE MR,
BlEcmnm) 9 HORBHEESS . B0 4 AR KERFRT
T R B AR

HE/E N —FORR M, HFRREZRFIEK,
2020 FHMRE OS] 11 55 05, KERIER,
TR 7 R R SO AR R TE DU . PLEAAL
G RE AR O LA R G0 55 7 T AT I 2 I 24 22
T, HEEREE. IR, T3 BT
HPEMEAEAE 2 RO W Bk 3 SR E A
HAMIETER PRI AR P2y & S A7
EERHEEME. R 12 PR & &1
ARG REZER, R52ECR%EV. M
KM EoR, ZESERET. HIH RS
BAREIEAIRR, HHEERH R & 2R
XK R R5FHSIERHNEEREHESES
ZRERIEARRRE R 8. FIRG FIURTEAR
WP K = IV N (AREE 104.48°~113.80°), i
AL E R X v REBE A F T o A B R B A &
TR AR R, P IX ST R B A R TR S
B TCEBT AR R

2R AR 2 e AL SRR, AR TR
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B, 2R FEhE I PR E RO R PR 0 B 2L
B AR R = A (Al s . AR E AT B, 7Rk
REEVIREN, &FE5 4 AFKEREE AR,
59 A RKFIFES 28 EIEM K. RmfEKES
MRIEZA . WRSER, BT SRR m A
PR, 245 AN e SO RUBE 28 2 3 [l A Pk &2 R0t
' Ve Y i S T ST A7 N1 N & 3
RS9I AKMENEIEMEIKR. 54 HFKE
ERMMHRKR, XRERALET 4 ABKER 9 HKR
IOH 2 S5 5058 8¢ I 28 B 43 5 2 ) TR) 2 s i 5 SR AH —
o MHRCHIFTHARMT, 3 2 11 5 e mT DA 5
B EF AR, BRI SEIE mARES, AT
52 B SRR 23 R AR SR 10200, T S A0 e TR s ol
AR TEEYE PR RIR R HBTEERM
SRR AN NEER . AREER . BRGS0
HRE/ A5, 25200 R 2= A M i A7 A
—EJRRYE, BRI RIEH R T — R A
(PIBIE o

AHIFFEIE R IRA [R50 (1) S5 R - 5 8] — B 3
T EAAEAREA SO, W7 H K EN
MR H RSO 4 HRKEMR, XEREK
TEAS R H A 0 S5 R (1) 75 SR AN NPT BEAN[F] o ol
DA F0 A R -5 BB (R s B, A 0 BEORE A 31 A
A, ASBROUE H &F R 8dE. kg
PRI AL AR T ROPAE I . ety R
BEOT AR RO 75 SRR IE Y R A . A T ]
A= LB PR SE B 2900 e 15 & S 2
25 ks ALt Z 2% .
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