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ABSTRACT: Astragali radix is commonly used as a large quantity of traditional Chinese medicine in clinic. It is
composed of the dried roots of Astragalus membranaceus (Fisch.) Bge. var. mongholicus (Bge.) Hsiao and Astragalus
membranaceus (Fisch.) Bge. In recent years, the research and development of Chinese traditional patent medicine,
health products, food additives, cosmetics, animal feed and organic green fertilizers consisting of Astragali radix are
heating up rapidly and have good market prospect. Astragali radix has a variety of physiological functions, such as
immunoregulation, liver protection, diuresis, anti-aging, hypotension and antibacterial effect, which are closely
related to its active components. Different chemical structures lead to different pharmacological actions. In this paper,
the chemical structure classification, biological activities and content analysis methods of flavonoids from Astragalus
mongholicus and Astragalus membranaceus were reviewed. Total flavonoids of Astragalus mainly contain more than
50 kinds of flavones, isoflavones, isoflavanes and pterocardin-type flavonoids, of which isoflavones are the most
numerous. The total flavonoids of Astragalus showed significant anti-oxidation, anti-aging, anti-tumor,
immunoregulation and protection of cardiovascular system functions.
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[Astragalus membranaceus (Fisch.) Bge. var. mongholicus
(Bge.) Hsiao | M8 B [Astragalus membranaceus (Fisch.)

Bge] ) THRARAZY, R EIRK EH AR Z—, 7
KA <IN HIULE, BRI ATEPEPEIL . IR
db, sl g, HR AR, T B R IR T A
TR H AT, PUBEN FURHE ™ 1 2k 200 250, 5
HER) i, BEECTELR AN . Bdh Al FE ATl i i L
HTHE, BATZ i R Ak, #E R Sk T
AR Sy sl Py s el R LR

WEBR Y Z B Y SRSl 10 HAE A i Y
WFIE, St BRI B AL 2 B IEFE R T 20 (20
50 440, HLERASE I N IR G B TR G
IRV EIERIA T . 1oL, WL SH Y
B ARRBEZEIS, MREEABE T RSN, Hoeh, #E2%
A P i T b AU AU ™ Y, 2 2020 A HH
2500 ) LT B B R AR A sy 2 B B2
WESE R B, SR HA Z R UL IRE, Qi s LA Gz
Jio BREEL FIBR . PUREE . BRI IZ BT AE .
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PN 1y B BRI 32 2 1 rh B IR0 1 B R 2R AL W,
EE I, SR, SEe SRR, Hh R
WIAFI SR Z, Nk 1~5 iR, &P E s, i
B INZEWY . S AR, SR SR T,
AUEAE TR, BT 2 A T AL A b, andg
KT HEREARA, (P NRILRIE 258 ) (2020
ROBIRE, X ¥ S P B A2 R A 1 O, R A = o
AF I L v = A S 9 TR 4 4 4 (7-O-B-D-gle-calycosin,
18) & AT 0.020%,

Rt SR AR A L B 28 Ak 0 [R) s A7 AE T P
B, A ST E—FEES, ik 3 Prksy
31 f5c BT FE AR rp 4 B AR B, B 7E 58 B EEAR
WRIM T ZMAEY . X RES AR RAER ], HbaS L&
FERRRI T MF A o6, s FE A& 2L, 23
BRARBDEEE . N2 FE AR B B3 EE T —
SEHABS R P BT, A0 " EUH(48) . AU B (49) Fil A
JRMR(5 )5 B A B T IAGR 5).

®1 FHARMEZEERPHE
Table 1  Structure of flavone in Astragalus membranaceus var. mongholicusand Astragalus membranaceus
T
%> EWLIER el S5 30K
3 5 6 7 3 4

1 baicalin OH OH glcUA 1 [10]
2 isoquercitrin O-gle OH OH OH OH 1 [11]
3 3-0-f-D-glc- isorhamnetin O-glc OH OH OMe OH 1T [12]
4 kaempferol OH OH OH 1 [13]
5 quercetin OH OH OH OH 1I [14]
OH I [13]
6 rhamnocitrin OH OMe OH II [14]
7 3-0-f-D-glc-rhamnocitrin O-glc OH OMe OH 1 [11]
8 tamarixin O-gle OH OH OH OMe II [12]
9 complanatuside O-gle OH OMe O-gle 1I [15]

TE: TR REE, IR . #ale HRTAMEIL, glcUA N4 BRERR, rha 7 AL, xyl JARESE, Me T HJE, Ac WL,
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Table 2 Structure of isoflavone in Astragalus membranaceus var. mongholicus and Astragalus membranaceus
HARSE
i ot/ EA PSS =P
5 6 7 8 3 4’
10 genistein OH OH OH 1T [15]
11 genistin OH O-glc OH 1I [16]
12 pratensein OH OH OH OMe 11 [16]
13 7-0-f-D-glc-pratensein OH O-gle OH OMe I [15]
I [17]
14 afrormosin OMe OH OMe I [18]
15 7-0-f-D-glc-afrormosin OMe O-glc OMe 1 [17]
afrormosin 0-(6-0-
16 7-0-(6-O-malonyl-f-D- OMe OMe I [17]
g malonyl glc)
glucopyranoside)
17 calycsin OH OH OMe I [19]
18 7-0-f-D-gle- O-gle OH  OMe I [10]
calycsin
19 formononetin OH OH I [20]
20 odoratin OMe OH OH OMe 1 [19]
7-0-p-glc-
21 odoratin OMe O-glc OH OMe I [10]
22 ononin O-glc OMe 11 [21]
Formononetin 0-(6-0-
23 7-0-(6-O-malonyl-f-D- OMe 11 [21]
g malonyl glc)
glucopyranoside)
calycosin 0-(6-0-
24 7-0-(6-O-malonyl-f-D- OH OMe 11 [21]
g malonyl Glc)
glucopyranoside)
formononetin
25 7-0-(6-O-acetyl-f-D- 0-(6-0- OMe 11 [17]
. Ac gle)
glucopyranoside)
calycosin
26 7-0-(6-0-acetyl-f-D- 0-(6-0- OH OMe I [17]
. Ac gle)
glucopyranoside)
I [22]
calycosin
27 7-0-(6-O-butanoyl-B-D- 0'(6'0'12‘)“3“0-‘/1 OH  OMe I [23]
glucopyranoside) &
8 7,3 -d1hyc!r0xy-8,4 -dimetho OH OMe OH OMe 1 [10]
xyisoflavones
29 8,3’-dihydroxy-7,4’-dimetho OMe oH OH OMe I [10]

xyisoflavones

TR TR, ARSI R #ale WHAINIL, glcUA AT MIERR, tha Dy VWL, xyl S AL, Me Sy 3k, Ac 2tk .
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#3 FHEEMEXERTNFERE
Table 3 Structure of isoflavane in Astragalus membranaceus var. mongholicus and Astragalus membranaceus

A B
%' a4 TR KW ZHEICK
6 7 8 2’ 3 4 5’

30 (3R)-isomucronulatol OH OH OMe OMe 11 [23]
31 (3R)-7-0-p-glc-isomucronulatol O-glc OH OMe OMe I [24]

i [21]

isomucronulatol

32 5°-OH-2",5"-di-O-gle OH O-glc OMe OMe O-glc 1I [24]
33 isomucronulatol 7,2’-di-O-glc O-gle O-glc OMe OMe 11 [24]
34 isomucronulatol 7,3’-di-O-glc O-gle OH O-gle OMe 1 [25]
35 no trivial name OH OH OH OMe I [26]
36 7-O-methylisomucronulatol OMe OH OMe OMe I [27]

I [24]
37 astraisoflavan7-0-(6-O-malonyl-f- 0-(6-0- OH O-glc OMe I [21]

D-glucopyranoside) malonyl glc g
3’-OH-2,4’-dimethoxy
38 isoflavane-6-O-glc 0O-glc OMe OH OMe I [28]
39 (R)-8,2°-di-OH-7,4’-di OMe OH OH OMe I [26]
methoxyisoflavane
II [15]

T REIBEIETEE, I RFZN T, #gle NHE MR, Me IH I,

R4 FHAKMBRERXPHEERE

Table 4 Structure of pterocarpan in Astragalus membranaceus var. mongholicus and Astragalus membranaceus

Fef 2k B}
5 HEW TR ES 275 SCHk
3 8 9 10
40 Maakiain OH -OCH,0- LII [29]
41 (6_aR, 11aR)-10-OH-3,9- OMe OMe OH I [27]
dimethoxypterocarpan
) (6aR, 11aR)-3,9,10- OMe OMe OMe I [27]
trimethoxypterocarpan
I [30]
43 (6aR,11aR)-3-OH-9, 10- OH OMe OMe I [21]
dimethoxypterocarpan
44 (6aR,1 la.R)-3-OH-9,10-dlmethoxypterocarpan-3-0-ﬂ— 0-gle OMe OMe I [21]
D-glucopyranoside
I [22]
45 Astrapterocarpan 3-0-(6-Q-malonyl-/3—D- 0-(6-0- OMe OMe I [21]
glucopyranoside) Malony glc)
46 (-)-Methylinissolin 3-0-‘(6-acetyl-ﬂ—D- 0-(6-0- OMe OMe I [22]
glucopyranoside) Ac gle)
47 (-)-Methylinissolin 3-O-[6-O-(E)-but-2-enoyl-f-D- 0-[6-O-(E)-but-2-cnoyl glc] OMe OMe I [22]

glucopyranoside]

TE: RIS R, ARSI IIC, #gle HAAIHEIE, Me v AL, Ac S ZESE.
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Table 5 Structure of other flavonoids in Astragalus membranaceus var. mongholicus and Astragalus membranaceus

%> G 25 Pl 275 30k
48 liquiritigenin 1 [25]
49 daidzein 1 [25]

I [16]
50 5°,7-di-OH-3’-methoxyisoflavone 1I [31]
51 isoliquiritigenin I [32]
52 sophorophenolone 1 [25]

FE: AR R, T HURF .

WISV IZAAE TR, 25 rHRIfED,
KB BRI AZS, RIS SO IGE R £ . R
ANTRIFRAL A A AN 2 A 8 25 DX 5, FORTRIZE R AR AR
WP SRS, LLEVVR LIU %P A T 580
TEMBIE R AL 25 RS TER & EER, 8
1R AW A 8 R - BB OE T % 5 (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)
25 WL R U 0BT RN S BT 32 B A AE B, ZEFE AN
bR . R AR B RS T TR, Sl BT
AR R WA AT ANIETT RS 31 AR R
FE TR, W E A h B R A B Y E R
TSR, X R AR LR G I R TR
BET HRARYE . LE B EEAR AR 04 [R)— AL b S R T A
AW E ILFEAETE, A B AT L4 2545 %] Odoratin(20)
K AT (21), MZEAR T YRR (10) ., LRI (11).
EEFEMA7), BESEIHART(18). THIEE19)
FTERAAETE (22) 3677 . MEAh, MY TR A7 AE 2 Rl L 1L gD,
AT LI WA R B S T R B AR S e R 51k,
mibGY 31~34 X B AEEALALS R TR]

WANG PGt s s PR R T 2 Bk &4 53
1 54, LB R BA SR RIS PE HAO 04
IR IE G2 B R I ZE P R IR 1Y) 4 A5 SRR 1Y 5 2
WHALEPI(E 1), o Astraflavonoids A-C fHF 0 #EHI2E
fE&W), T Astramemoside A [ TC R X FEHEAR HIR . ik 26
SEFYALE Z H 00 SR 8 B L fb 5 ) Astraflavonoids A-C
Refig 2 Lo JUE A rs R, B W e . 2
WFEIAF] 30 umol/L B, Astraflavonoids A £ B F{RSMRHHE
A5 B o) B B2 85 25 (2 pmol/LYAH 24 . it Abh, M2 £ fa] I8
YEP R B35 (7 % 5 1 T Astraflavonoid B,

2 "REREREYENE

21 IMEMNEM
A EES X E AR | R AR B4 7 A E T AL

K, SR 2PN, R O IME RN . MR R
S . BEDRE . TSGR B ARG 55 . BUIRSR AL B W)
I3 F R AERT LAY B bR S T2 1k A i e AU
I, BELLE TR A ST A, AT AE K 4l A AP A
A 2R B 5 5 BT R 0 i M e i M e 4 1 5 5 1) 240 L
BHHELO, ERRAE R, TR R R S BT A A A
IME BRI 5k DPPH Bl B9 RE Ty, Hpr4fbaE i
ST o B 86 S > 6 2 T A W > T e R T
BB Y P S O T AR R 5 | el B ) f SIS 2L A
AR T AT S T O AR, HED S R S B B
i HF T B 21 S A OGP LT SRR T 8 AR By
AR R S IO BT A G 1, B A RO r) 3 1
TR o SRR 20 AL R i 20, ik
AR BE B SRR, o 50% 2 BEBE i i i e Ak
PR R, DPPH Fl ABTS [ H TG B S g b il I1Cs 5
BHT #H4 . m &0WAH - DU 9% FF € AT B (8] 5T 3% 75 (ultra
performance liquid chromatography-quadrupole-time of
flight-mass spectrometry, UPLC-QTOF-MS)7E it /3 #r 45 it

R 50% L IEVEIBLH T G 22 HT 7 T S R R -3-0-
AR BT PRI M ARG LIU 410 2017
ARLRIR T BB A RE T R B A3 B LA P AL A I A
Flo HRTRY DTS R AR I e A 5 ) e AT
TEME R TENE, FEARAN S RO BTk, R A0 AR
A5 H R AR OCRY BORN R SRR AR BR A
PR,
22 RFIFTINGE

NRRG G R G e 2 E L S AL A S 37
AR, 8 AR A BRI AR R T AN, I
HIRIHEBRPTEAE 7Y, AEFREPLIR R E Ve . BOECHY SR
PR EE S 2 i A R )
A Ko CHEN 7 2020 44008 TR, B, W
T 248 1 11 I 46 SR 3 R 0 R B LA P AL B A I
PRRE )
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20 LR 20 40y S T 2 B B R A A P ARSI A AR
FEV T UIRE, B RE I LT RAW264.7 E G4 A b
(¥) MAPK Fl NF-«B 55 6 2 #5 G2 15 I e 4 ),
LIU %558 30 258 AR 57 2R 1 DG 9/ U B IS
SEEACTE 28 d J5, WRERFERIN, O MK 2 22,
Ji R TR 4 RS0/ e 2 A S 30 R W S R B Y e
ST R AE S OPG/RANKL/NF-kB {i Sl A G o M 1
4 B i B — 1L &9 AN liquiritigenin , isoliquiritigenin |
formononetin, formononetin 7-O-f-D-glucoside, isomucron
ulatol, isomucronulatol 7-O-f-D-glucoside. methylnissolin.
methylnissolin 3-O-f-D-glucoside . calycosin, calycosin 7-O
-B-D-glucoside il daidzein BEW T JE I8 247 S AL 4 7
IL-6 I IL-12 p40 7E-EBEEAR ZE R AN i 225510, 1R
liquiritigenin REBSN I T 4 M A B0E, XT T 40H A7 0900
AR B R BLATIR YT IO B RG R 1 B R — R K
BYERBS I 1, S 5N BEMY, 0 T4 28 B R A,
TE L4520 M (R A e R P A5 TR T 2 VR . B e
Mo VR M M R L BT Mk B 40 B A= B E (thymic  stromal
lymphopoietin, TSLP)/F Th2 I L& b, Sl iz
R BRI R SRR i Y AR ARG, A
TRYTEEN . o) BCAE AL BUA AR (BT HEAR . Formononetin &
ARG A E, W/ TSLP/IL-33 W74, RIEZ MW
T R R AR T
23 HUEER

ok & A5 IIE 9Y e B TR B S A 1
HPSEER AT, HATIMH A R K562 A e 20 i
WSRO, 2P AR AN /S-S 14
WEH-Dl(cyclin D1) mRNA 7K, K420 A K J5 303 B

Structure of other aromatic compounds in Astragalus membranaceus var. mongholicus and Astragalus membranaceus

 GO/G1 I TARIHUEEH . Mok, B 5 w5 55
57 200 B P A R A AT B P, R0 e AR et e A1 o s 4
T 7 A 05 e g 4t B L R O St P RS 1 — 25 RO LT
FERI, EE S HEE L R miR-375 HYFRIE RGN
YR, dH i 2635 miR-375 AT LA 200 64 1 5 LA R i
B2 ZERE ), Vs TR AN & AR T
24 PCMERSGRER

LIU 2559 ] Myograph shZSHiic R4, W58 R
R AT I A VR, R BT B R R R RS A R
Bk it A& PR ET I A FH B R B ARk . X R AR IR
NI K P B 40 6 355 7 A S, T — I S R Y
B AR TR R A AT Rk P B A M B . A4
AT, BORE R ECE G T A N R 4l il
p-Akt/Akt 1 p-eNOS/eNOS K HAE, WiXt p-Erk/Erk B¥
Bel-2/Bax HAEFZMIAS K o s ki A A0 2 e R s ke s 1)
TWEAEISA, ApoE JEPH bR/ BRI 54 = ML AR AEAR, &
MF O MBI . P63CHAGE, 76 ApoE SER R/
FH formononetin REIEZEZ) WKk AERE (LA 1 & J, 35
BEHRa e, A PRV I R 2R A A 04 R [ R
il /> 5 I 290 01 94 T 240 RS- o LI A 4 i g 98 BB
2.5 bERHIER

W R SSR R AL A YA O R 1
A FHTFIAYT 1T RUAT I BB PR IR, oAy SG FE 2 MR
TR 2 ZHhE M oA, U
BT R R R 5 AT 55 2D A R R
T 2L A YR AE F 42 WA TR], formononetin Al calycosin
T 3 I IR A AT, A DR s B O PR 7 O L,
RT3 0 ZR e R A T 5 Sk B BORE PR 1 H Y -
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LI 2545 2020 4£438 calycosin BEf @ RNF38 (1)
ik, HWRIRL, B AMLAYTIRE, MHISAE RN, BN R
4T R W5 PR AE R o 11 BB PR /D RS D IRA 2y
formononetin i 16 J& 5k 28 JiJ5, M B EREAL, M.
T =ER L AR LT AN 3K S F KRR, RIS
RIHUGB TR 73 FHEY =I5 R 45 25/ BT BRI
A ELA LU 25 B AL SIRT1 ek B3N, o AR A b
PR 975 T 3R B I AL 2 R SR AR B 0 5 1R 4 8 S A i )
Formononetin R iH 1Y JAK/STAT {5 5%, 4ifrE+
1) p-JAK2, p-STAT3. IL-18. ICA M-1 I NO /K, 25
e TR /)N BSR40 B P 35 P AT B, RT R AT B PR I
IR AEPS, I, formononetin H calycosin /£ K VETE Y
OB IR 25 B — 22 B R AT & .

3 RERPHERIXKRIHZEVNERE

UTAES, o fili FH 28 A AT LA 56 06 B 3 U i R A
TR Jrk—: P T An i Bl IS A R, R
RS ER AN /RSIR 4R VL, 7E 510 nm T A0 2 W% 56 B (8 312
AR ER L. 7k = RS ARV, WL
2%, HEME 270 nm ARG EEE o A TCTR 00 A R
PR , AR, EIELCT,

(e ARSI EZG ) (2020 BB, PR SORAH
ISR E HEP B R S R AT &, T/
A RERE R IE TR, 2 R VA R IR T A B R R, A
Pk 260 nm. 5 i EPHGE T HPLC-UV-ELSD %l
FE W R TR S sy, FRFLA IR A5 FF S s v, T
[ B 7 A RS B, A AR ) R N
FERMES % 2019 4F, FFHEIRIE T T Eoe iR
Pk ] B B e b 8 AP SRR A UHPLC kP, &5t
FiAR K ZFURE ST AR S0 B RERZ A A . X
o AL B SRR U HL A W/ B R 43 A AN LR A,
AT A 3 [Tl g A R, /NG T, AR AR,
ST 2 A L P TS5 A PR €33 b 19,

4 &

R R BRI R B R ORGSR R, SIS
PR T EA RO Z— o IGEH BT AE I B IR |
2K FIAE AT R ES BB 50 AR RTINS AL A, XL
T8 I BN B . B S b R S R T
T, PRI R L . Ak, NN B
I 0B 28 A5 0 14 A 3 P E 5 A P 7 G g i
PR PO PUMR . BORTIRE AR O LA AR
GERSEIAF T T . B HLRIDETE A TR, K BB A B
T R R 22 % A A S e S B AR L, I MAPK
RANK/RANKL/OPG. Akt/eNOS Fl NF-«xB {551 %,

WAL Y /N T REETERIRIE TEE T+, BATRR
BN ZSINTE S. HET, X R R A R B Al
R/l N et 7/ R i T A DAL 30 TS B 5ok AN (ER LR B
— B BB HMROC R, ISR 2G I K 5558 Sl TR,
PATEC N ORI R A b« B2l L ARt . ShARDRHAIA AL
ZRAE AT ity L HAT A 5 RO 2 M (L
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