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Research progress on preparation, structure, activities and application of
selenium-containing Astragalus polysaccharides
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Abstract: Astragalus polysaccharides (APS) are the principal bioactive constituents of Huangqi (4stragali Radix), exhibiting diverse
pharmacological activities. However, their clinical application is limited by challenges including high molecular weight, low solubility,
and consequently poor bioavailability. Selenization modification has emerged as an effective strategy to improve the physicochemical
properties and biological functions of APS, leading to the formation of selenized APS (Se-APS) and APS-selenium nanoparticles (APS-
SeNPs). This review systematically summarizes the preparation methods, structural characteristics, biological activities, and structure-
activity relationships of selenium-containing APS derivatives, and discusses their application prospects. Primary preparation techniques
include biological transformation and chemical synthesis approaches. Following selenization, the resulting products demonstrate
significantly improved solubility, stability, and bioavailability, and can form uniformly sized nanoparticles. Research indicates that
selenium-containing APS derivatives exhibit superior pharmacological efficacy compared to native APS, including enhanced
antioxidant, immunomodulatory, antitumor, and hepatoprotective activities. Furthermore, APS-SeNPs can serve as effective drug
delivery carriers and show synergistic effects when combined with other bioactive compounds. Structure-activity relationship studies
suggest that their bioactivity is closely associated with selenium content, molecular weight, and nanostructural attributes. Nevertheless,
several challenges remain in this field, such as insufficient characterization of selenization sites and a lack of systematic toxicological
evaluation. Future research should focus on optimizing preparation processes, strengthening safety assessments, and promoting clinical

translation to advance their applications in the pharmaceutical and functional food industries.
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W ZWE (Astragalus polysaccharides, APS)
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FENFREEMIRAAL (KT 50 pg/d) BIELH] =L
78.7%U7, TR FE AR 71 0of 4 R A R AT EE B
SR, AL SRR AN 775 40 AR BR B (NapSeOs) (1% 4
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FEREST, MSHESENL S, R
Z W, BT 2 (selenized Astragalus
polysaccharides , Se-APS ) Fl 3 & £ Hl 44 K il
(Astragalus polysaccharides-selenium nanoparticles,
APS-SeNPs), 2312 FE I HUG 25 Wt FU ik -
RN RGLR T 2RI H 47k SRR E
AEWIENE BN TS 73, SR NI TR TT K
RIS E
1 BEMZHENSIE
L1 WL

A TR B A= P R A I R
HNETCHLE AL i 2 0, BARGIELLT 2 Fhor s

111 YA Zorikiid R A K
Tk R R S AR - A58 B T i 1) SRR, oK
AR Se-APS, Bl f5 4% 4t 2 BT IS 4lifl DR 3R
37 0 5o WA SO FH K B B2 A B it s i [X
PR [ 2 b HP RO A 20 20N 1.06 pg/g HIHH
Se-APS; Li SFMIMHZE L 5 A= 5 h o e
W, ZKERREDT. BT MR SRR, AR R
B H0N 0.22~2.03 mg/kg [ Se-APS. #R1f, L
A FEII AN Se-APS [RIKE 425 1) B Ailh ) AR, &
PL R AT RRNT . R EAIE R AE TR R SR A
KIS FESCIUR (1A HLEE Ak, TR A ekt &3E; H
FORBUS FEZ A . R BRI 5 Ehg %R
KR AL T 252 PR R, FEOXTTVEEAE
A G A R R A SR AR SR I, RS
Bt 5 St A7 T R kAR -
112 fUEMENE ZHEEEESA APS 1)
21 b B B R R AN AR, R AR B B
RGAEIE BIG TR %M RN L Y Se-APS . [k
SLUAL A & N R, 757 NaoSeOs 10 pg/mL ()35
FREEFREE 7 d, IR1FH) Se-APS FRAM R & Huk
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VAR PER S T 5 2 BEsE b i 2 M E-OH KA
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SRSLEE T, 38 RCOR R B HRAL 5 T C-1~
4 i fP-OH WA RETEAFIFESE L5 5 v, HARMIEL
A U R 52 i) 22 W 45 100 [ Ja 1k Rl Je
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R APS AT, @i AR 2T
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Fig. 1 Synthesis schematic of Se-APS via HNO3-Naz2SeO3 method

§ 5 io
HO
HO:
OHO N328903/HN03

0 .
Se Q
HO™™"~¢ HO
BaCl > HO~g,-© + HO
al
2o 0 I |
(6] Sex
OH HO™™ =0

3

2 HNO3-Na:SeOs At (1-6) EEZEHNREE
Fig. 2 Synthesis schematic of selenization of (1—6)-linked polysaccharides via HNO3-Na:SeO3 method
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i (3D, 193 &5 =408 16.82 mg/g 1] Se-
APSUS, TXFRIRAR 25 HA A A5 7 FR) HARA s AL 520
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Fig. 3 Synthesis schematic of Se-APS via SeOCl: method
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Fig. 4 Schematic diagrams of formation mechanism of APS-SeNPs
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R F AR IEAR, B T IR
YEYE SR R RS ). MHEEZ R, APS-SeNPs
RS 2 b2 A 2@ O-H---Se AL A,
JERL “APS 76-SeNPs 1% 7 B & 461, HAL #5512
ARAAR, A F SN B 619210, {3 APS MJH
SRS T A AN KR () R 2 A5 R THRE R 47
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IR APS FEAEZLHIRTHE T, I8 AN s R LA R
W 5] NG PE Gy, AR ARV DhRE B e T
it
22 WMERENTHESHEEZKRE

APS K B AZ B HE T 1 I B 4 B0 A 2%
K, FFUNRERSHE, BREIEH 500, R
Bl T HAYIN A, 2R, Se-APS £ 2B
Z LB BR8], LR TR E N, A
FIFKPBIESPGERE . A, HTERAE T
INGE— 2B T I R . R E R R I,
APS-SeNPs £ Hi42 Ky 50~100 nm. 35 7 B Bk
YR RRLIO9-21 - gl oK ROBE RN AN KR $ iy 14
R RE S ke th, B E 0 T A
VIBEREIIRE ST, MBS E AR T APS F4)
TR KRBT B BRI, s ok gt 7h
A
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APS Al A PrEA . i PUME .
YU B A ORI S EWEPE, 3 256 TR U Se-APS
A1 APS-SeNPs I H 2. 25 (11 W R H RAEH, HAEY)
W T B AE A APS. NasSeOs 5 SeNPs.
3.1 mEK

AL RO AT S PR A 18 5 Gk i i
B, ZHEZMERNRESKE. HAER, Se-
APS JH RILH L APS RN PIEAIEE ST, fE
[ RhERF A R COHD. HAEMETF (0 ).
1,1- = % Kk -2- = 18 £ Xt C 1,1-diphenyl-2-
picrylhydrazyl, DPPH) H H%:A1 2,2 B %(-X-3-4
B OOR JF mE M Wk -6- B R [2,2-azino-bis-(3-
ethylbenzothiazoline-6-sulfonic acid), ABTS] H H
FE, FEORY A M e sZ S A AR 131823241 N3, Meng
STV IR0 AR B S AL R IE BRVE FH A1, Se-APS X
Z Fh B RIS B e T R A DU T RIS
T APS, XTI g5 Hifil & 75754 5. APS-SeNPs £
AJEkR DPPH Ml ABTS H %R, (HEHGRZS
APS I E T HE AL

AL, Se-APS fg B A &R T+ VRS E AL
Mg vEPE, WA M H KIS AL (glutathione
peroxidase, GSH-Px). &Y ALHEE (superoxide
dismutase, SOD) Flid%E LA EE (catalase, CAT).
WNVESS Se-APS HIAEXS I GSH-Px. SOD. CAT
TEMERESE S, NS ERKRY; EEXS HAR G
NN Se-APS BRI B 2 4 i ML SOD i I FEAIR A
KRS TR Se-APS AR B E IR TF CCly b
HORRITFAHHA B PiEALBE71 2 GSH-Px H1 SOD i
P, FFRRA =K, Bl RIRa b kS
HALEE 1 (glutathione peroxidase 1, GPX1). SODI.
¥ K- B2 #H 2% K F 2(nuclear factor E2-related factor
2, Nrf2) IR F MRS, FEnHn] el
T Nrf2/i 8 SN To 5 5 1 B3 i b s R
X gk JER A, Se-APS 7EHG 3 H HH2EE FRBE SN
PPEPTEALR T LT APS, HIERHLHI AT §E &
il (1) S8 A SR R M S 2 5 28 e IRAR TR %

SRTT, Se-APS HIRZPUAMALEI MoK 7 4 9
o AT S T AL s S 8 — A&
B v, M RFTECRE ARl . BT «B
(nuclear factor-kB, NF-xB). Nrf2/Kelch # ECH #H

T i AR ) 82 B2
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KE M 1 (Kelch like ECH associated protein 1,
Keap1) 255 5l B () HLE o [F, REN5E APS-
SeNPs EHT AT VE S AL 7 TH T 7T .
3.2 REET

APS AR A RUF I S R T ThRE . 15
APS (EZj#E 220040086 1ENIGIRZ Y, & HT
AT B I B KT R e Tae, HTH AR
R OZ “TERIL” A0, ALY, Se-
APS A bR A LA 5 L A 5 248 KT 0 2 TR
& M (immunoglobulin, Ig) /KFJ7HIMLT APS. 3l
Piseai b, VEST Se-APS A i 35 iy RS I bk B2
O R SN R R Y G S A = R N T
(interleukin-6, IL-6). IL-2. y T2 /KR4, HAR
TNIN Se-APS IIEEAGTE 21, 42 HIRSIS, L%
RF [4n IL-2+ IL-4+ IL-10+ &R FEIR F-a (tumor
necrosis factor-a, TNF-a). y F#E] K IgA. IgM.
SlgA SRR EE T APS AR RS, B
WABM LGSR T APS A0 5 A4 e % 115 T
A€, Se-APS HATT K NS e 5 2 sl D Re 1t &
an SRR 7)o A J5 T L NRAC B IR AR R
BILHI L H o i B A 3 P S 2 T A M AR
P SER
3.3 HifhE

FEAEAT e AR AU, 45 [ PR e it LAY
i, 2022 SFAEBRIEAESETRGIIL 974 Jif, Hrp
FEZ 5 260 361, Ar)EE AP, APS BH G
T, E E R R G T A PSS, SO
FeBEAEHENLH R B AL, TR B A “ Pl £
ZHR. ZIURTER M, Se-APS Hl APS-SeNPs £
Pl 20 & Cn A HepG2/Hoo A FLJRS MCF-
7. NBJE SGC-7901. Afiifi A549. /INE&S
CT26. /NERIG/KIE S180 4HASE) KR b APS
B R (AR -3 gk W ARSEBSRIE APS Xf
PR HHIIR %N 23.66%, T Se-APS Hiik 51.14%.
HpUR LS R AR T PH 4
I e B R 3G o S 5 . BUATIT . APS-SeNPs
AIBOE L RARTE TR, T B IR R-2 (B-
cell lymphoma-2, Bcl-2). Bel-2 #128 X & H (Bel-
2 associated X protein, Bax) Fik, (R4t E C
(cytochrome C, Cyt-C) 16190, ] 4 it J& 31
T S WY, JRAE] E R, FCE A G 1
224% 3-11 (microtubule-associated protein 1 light chain
3-11, LC3-1D 1 p62 55 H W AH K H HB¢); Se-APS it

Re sl o far R /N R A e T fe, $ R e A a4k, (2
Bk IL-2. TNF-o SRR 570wl 25 1, Se-APS
A1 APS-SeNPs jd it 2 MLl W R & ST AE, &
P RUF R 25 AT s, HATHEFEA) DA AP S
N, R IR R G AR N 25 A A AL
3.4 {REF

Se-APS JE Bl SR K R AT, HATF B3
T APS Bl NaySeOs. WHFE#K W], Se-APS Fef 2L
Lzt CCly S5 TP S A 00, eI 0h B35 B
IRIMIE R BRGS0 B AL (iR
B RV A AL ) 37381, HAR ML E 208
O FEVE AR — 07, @ B Nef2 JE g
s PrEAALEE (GSH-Px. SOD) v 4, A N3G
Fy 7, E I A R SR 40 (Kupffer cells,
KCs) i&H A NF-«xB i #, Ti TNF-o. IL-1B. IL-
6 SR R TREIN, ARSI RIE RS [, Se-
APS i REHDH I EARAML (hepatic stellate cells,
HSCs) &k, FEIC o-~FIENUILEIEE (a-smooth
muscle actin, a-SMAD. I R b4 KET-B1
(transforming growth factor-B1, TGF-B1) S{g&f-4E
EF3Rik, FEESFHMET, A REDUA 410
ER . BtAh, AT gead i 8 B WA IR R 7
(autophagy-related gene 7, ATG7) A1 LC3-II [FJ5RIA
Z 5 R, IXLRINKH Se-APS £ —MudEid %
B RS R A [F) DR IFE RUSE R AE ORI, ARy
BORER AR AR I AR I PR B FH B T AT 1 5 22 4
PEVENY, SRR T EIRANRE T
35 TR B%A

B AR R RGUE W, HRES (CaOx)
pn Mg R, JUH—IKEERE (calcium
oxalate monohydrate, COM ) It /K & &R 45
(calcium oxalate dihydrate, COD) i 5 [} &5 T 5 /)
B bR HK-2 20 3 10 7 2 A 5 5 1 B0F 10400,
APS TJIEISHE Keapl/Nrf2 822 iR IR 2h 15 S
) HK-2 400154, 1 Se-APS % T-4H i fz
2. SR S PR 2 P F N R AR
ST 1. TR, Se-APS BEA MEE =
R 175 31 HK-2 4R sA i, 235 PR i Py v
MUK, IEZRARERA, (AYmD, FE AN
k22 %1% (phosphatidylserine, PS) #Mil A& #r 85
(osteopontin, OPN) ZEZhFft7r 131k, Mib
COD @ AfEA IR I HIRE MY o A, Se-APS nJHY
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SERZH PR B 1, Rk O RN BT A A ) A A R
Wi A B2 il A RSB BT LE A D542, I 4h, Se-APS
REE 4TI CaOx Sidnid 2, #IH] COM [Tk
FHAZHE COD HIARL, FFida bt T SRR i &
¢ Mg a4 A R AN, AT L, Se-
APS 3 2 @A b [F 4V R AE TR MG T 5 45 A 07
TS HY R 0 S 5o
3.6 HmE

WHFE 7R, Se-APS BEE ] H,0, F T
AR R B R A E 2 A (porcine
circovirus type 2, PCV2) & ffil. HALHIET, H.0;
I 3 B PKLS 40 B R 2 PCV2 Eiil, 1M
Se-APS W] i@ i W E W NG BE UL mE -3- B
(phosphatidylinositol 3-kinase, PI3K) /& [ B
(protein kinase B, Akt) /W FLzh4) A8 2= ¥ 5
(mammalian target of rapamycin, mTOR) i 1]
H W, TS 9 25 2 )43 X — R A Se-APS H
TIp ] PCV2 ARt TIkHE, RRFidE—
12 Se-APS Hl APS-SeNPs [0 25 1 S /Bl
AT .
3.7 HREIRIF

APS-SeNPs T H R U (I AEMIFHA M . KIEPE
AR, BN IR YT A R (0 = R 29 E P o)
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Fig. 5 Biological activities and potential mechanism of selenium-containing Astragalus polysaccharides
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