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Abstract: Astragalus is a traditional Chinese herbal that can be used as both medicine and therapy foods, and its most

active ingredient content is Astragalus polysaccharides. The natural extract substance, Astragalus polysaccharides, has

multiple effects including modulating blood glucose, protecting liver and kidney, adjusting immunity, preventing oxidation

and senimu. Among these functions, immunoregulation is the most outstanding one. In this paper, immunoregulation

function of Astragalus polysaccharides is studied from the aspects of immune organs, immune cells and the expression of

relevant cell factors and genes based on the synthesis of the relevant research results in this field.

Key words: Astragalus polysaccharide; immunoregulation; mechanism of action

&S5 R284.1; R284.2; R285.5
doi:10.7506/spkx1002-6630-201311069

W, XNACE, BRI, RREERGT Y,
TR, BRI AT, ARG WIS A
ot A7 o0 Ao BORIRH PR, FAT R TR FERENL A
RIS AR R APS). EWhR. 35
fid. HIRLL R O, HP iR 1oy, AT
A . SRS IR IRV 25, T Ha
R T 2k, BATS ISR SR
SR ERCDAbSR, A MBI B TR JEEEK,
RSN Al RIS RS N VS U E AP RE

1 HESEHR

P=NI= ]

TR 2 Bl B R R R
Weks HIH: 2012-03-15
FE4TIH -

((ENUPLF

ZH—F, W

SCHRbRE S A

L E T 1002-6630(2013)11-0327-06

HEERTEERS Y . NI B a2l 22 4
FER AR, o i N 10~50kDANEE, 3t H AT ¥ 43
P al KR, TFRAIEHRME. K2 hE2
FBRYE 288, I rp 48 SR SR KV PR A AR K ME P A
PRSI A 2%, I LA 23 DA Rl AR ) 2%
TN T 225 o W AT 0 BB 7R B 2 B
o, MR B S R, RO IR
B BRGNP, S RNEERRD,
ST E L T AN A A B R I 2
iR IR B GRAKIKOy: > >R, XRKE
B AL AT 20 M B ARE B %, A SURIA 5 9 b K 22 5748
FHAREAE 3 M G RASVS AR, XA T 32 R4l
JC IS 2 o BT AR Y i AORE IR 78 1B €1 i )

T AR E KR KI5 H (2011BAD34B02-4)
LRBH(1988—), Lo, WA, BRSO SRS %4 . E-mail: jzhjchl@163.com

FEEIER . BARA95T—), B, FAREEIE, L, BRSO B IR S T4 . E-mail: ilinlge@163.com



328 2013, Vol.34, No.11

E6oill=

XA EEIE

LGy DAL AR 531 Tk 1 e T 35 88 22 0 00k
gy, e EA S T RE N A s, LU
SE A AL S R X, TR AT 40 1 B R 6 3 20 4 vp R
H PR o T R R AR, Sl R, A R TR R R
WM. TomodaZe™ Fl /N hidh = ZIEIUAb i A B,
T FE AT M SE S B IR LR R R 2B . Kajimura
PN BB T SN R IR T 2 B S IR 1 2

I R BIF 0 R0 55 56 R W, 2 HE 22 B AR 0 o 0
JF B ZhAE, R IR R I s, 1 S LA G g
71, B BEAFUEMA. PR BT ENER . g
B2 B A LR g Sy, JE H R
20 W 1 Al A A 3 PR AR KRR B 0 3 T S LA
REMRATER

2 RESENREDN

TS 22 WO s D RE IR T 1 4 AN AE T e 4 o
o 4 T RGN B IC Thie, 3 REA B4 I IR 7 I RE i, 52
Wi 1 28 - N 0 A - o RGN 4%, e EAH K IR (1) 45 je R
Kik.
2.1 XA T IR

G BE 4 H o0 N TPORK S s A RO R s g e, L
R AR A RE(ERONE IR, 5 RN
IE R EE5E. BEC R B I 2 R R AR T 2 Fh i
AE, WIS E R, ARG ICRE L
IEBRIIRE o AR ARSI T R IR 78 B TE 2 BB R/
BRI R 10 T s R I HE S I X8 Bl 1 s 1 T AT 5
rh R B TS 22 W B S Bosh H G A U1 2K BRI i I 4
g Ry 22 5 PR AN T 71 1 4 1 2 ) A ATl I i Ak BER /)
B, ah SRR I L e R R P B B s BRAN S 2 B
RISV AR IR -
2.2 KRR ) S
22.1  SKFRESME G A I ) SE

B 20 B0 R S P G 05 A0 R 1 5 ) 1 SRR I A R
JrB AR B 40 AR R 9k E 20 R 1 384 5 2 A0 . B s R A B 1 43
W BN BUAHREE T TR 40 PR ST A 1R~ 10 45
. A%F i BTSRRI, Rl iR 2% 40
PURHTHT A S N3k, PR RIS 2 . BEFAET LSRRG
WS, RIS K+ —FR RS kA4
FPHPE R Al R £, JF B HIBUAXY . CD3 HISIgA
(& B ] v T AL A, KRS, B RAL S
I AR A BN 5, BRI i i 2 M b 2,
SIIHLAR N 1 RE BR R (I R4 0. Shao Baomei %5 fff
FRINGZ HE R M EI R 20 SBA MM &, S5
B HA TSSO, HYC 2R RSB
21 R PO S5 HELRE 40 L R FRORE B, TR T4 M e R

RIS S BRTT T BB 2 W e JE N 1 B3 T
WVER,  SEO0 4 R M 3 B8 2 05 )5 7R P T4h Bhan
JEAITHHI 4 M (CD3. CD4/CD3) bl 8w, T 40 i
(CD3*. CD8")/K T Ff. 1 2 Wi AR AR A8 15 0 4fE xS 14 Py
CD3"M 40 %, 42 mCD4Y/CDS Al . b4k, #HiK%
B 34 REA TE 41 B R T &G P 2 73Rk, AT 743 3k 2 4
J 55 P R 0 AR B, SRR AR ER A0 B ) TG AT
22.2 NP ARAE Sk S A B 1) 5

NKAH H R 005 20 LA AT A R e 1 s o i) i 2
Jflo NKAH M /-3 . IL-258 K 15 iz Dhfg,
W0 R BB 16 22 0 R 8 IO K 40 () 34 5, (] B s e 34
SRILRAG )0 SRR R AT S B /N B B
KB, 4f RN SRR I INNKA R g . 1M
BTG 22 X G A0 L 1 R A P 3 R LA 38 4 B
W, WASRAWETAE, (TR AN e o DA R T R e n
J 43 AT -2 55 7 THT - AN & w5 e 40 PR % KRN i B i
ffrfie 71,

240 M FIA SN L (DC) R AT Pl 3 I E ], RE%
XPHUBREAT VRO RN 1o 21 22 W mI 3 5 1 9 o 4 P (1)
Thag, MM EE MU AERE Sk e Thfig . Ty 51
DAEE B2 AR N S e, BeMh TAExe ik Py, 38R
XS C o B2 KA R 2 E-C, RRAMIE I A 13 1 8 35 4 v
1M 5928 5 4 W) 4 31 2 B-TICRROF il DR 3 7k A1, S
HP AR 4T A0 R e % Th g . Jiang Junbing MAERIL
Hongquan "*'Z [{RFF 53R & I 35 6 22 B X IBDV ISR (1)
S0 AT I FH o IR 42 A5 o e N B A A
S MR SR I, PR T AR EDCs e, I
FEILVEPE . Shao Peng %YM 5 (B /8 3 16 2 B I m] 4 K
DCs[IM S 45 o

BRUbZ A, 3 20 0 I BE AR kA 0 2 if 40 P 184
VERS Do D i S S R v TR AL 11 ONEERE B
B AN R B AR RT A4 2 S ok R
PR Z A T BRI G IZ MR LA B R TR T, KA
)

2.3 YNRER T AN S A R R

TR 2 BN 0 MDA AR AR T LA B 2 R A R
AR, AR AS [R5 AL A0 R 5 4 A B AN T
I 5 20 e g 7 A AR DR 3 (NOD) /N BRUBE AL T
TS 2 B NOD /I BT 4 i SV J0 1) f 8 R LT, 3 e
LR R SIL-1p. IL-2. IL-6. TNF-a. MINF-y/KT- &
N, AIE W T M AR S A I 4 IR T I A R TR
Ao Yin XiaolinZ P I 1 4 ffu % 9% R3S A S 5 R o
TEZHEBE S S B 4 e TP TLRARI R I, M R4y
SR N . Zhao Luhang5 W77 Kk DL HE 16 2 0 ] 155
S BG4 TNF-0. GM-CSFIF 4 mNOE il . 14
7 SO R DL R 2 B RE AL PS 5 3 1) e 4 i 7 A=



XA SRR

E6mill =

2013, Vol.34, No.11 ~ 329

TNF-a.. IL-1BFINO, AT RAE RN . Kok I
BRSBTS I R A I Th L/ Th2 (R P4, % ki
R Ry ER.

A8 A5 ST ) 2 3 S S 2 B VR IR 2
W FIG R & B RE &, BRRE R . A
BT B BRI AT . W R AR AP R AN BLEAT T
90, RN 2 R RE MR IR BN INO IR A B,
AR S BTN M AR (TR C S I R IR EL0 i Py Ca® K
T KR SR TAZN O e iy | ESE 2 SR KT S
AT SR, T4 B AR A R P IR VR I . Ak B R
ity . ok AUk AN B S R AN, B il
R e AR A A SR RN A K 2% B 0 R A xet
TRA AT YD, T AR KA 2 R 25— P 23 - B 5 1Y 454 1)
FEA, B A2 I
2.4 KAHICHEE R R IE

BT 20 100 S 38 R T 1 P 3 A B A 16 {1 3 40 i v
RNA. DNAFIE A B A, JF I8 17 55 ) i
Fik. Li Jiefeng VAR HR ST #1220 M el 1 B 3 v
W OIVE I A, 3T 2 AN e 2 2 1 S R e A
(s 1%, R HEINF-y RITIL-6mRNA K IA . Yuan
Chuntao 52 Hh i i 51 56 & I 34 16 22 Wl B 08 1 42 i s Sk VB
HRT O A s R R ek o RIS R Y T BT R I
F B 2 0 (RS R RS L, 4% SRR S 3 16 %2 Wit 4
SR FT-bet & Th 1 B 41 Jia R 7~ 35 R (1) 2 35 Pk AE
AERETh2 B4l Hu DA 7L A [ 3R IE, AP Th 170 s B 300 4% 5
I Th2 Y . 534 95 k3R W 0 2 4l BEFIHliNOSmRN A
(Rik, AT B O 4T N O A il P,
2.5 HAdfEH

BRUA B ZEHLHIAh, 2 2 P A Be 1 M WL I #MA
KOV, HESEBUEACFIPURRAE ST o 15 W 25D O R E B i
(KR 2B, WAC3. CArMANKCE B8t m, 17
FE—SE IR K TR o 4% ERAECTIE 5T R B B 1S 2 i
] AN, (1) G P FQ B AT — s IR TR 25 L o B S 2
AT — 52 PR R R I 1 L A 8 o i 37 A
JE BF PR B E T, BRI A A KT, AT
48 308 G 28 T A WS AR R BRI A, Cho% R
TS 22 A B D R I /N BRLAAR P D L 0 8 A N
T L HE G2 e A FH

3 RESENSHSAE

WP E - MIRGY), HEMEBNERR, RE
P H GO A R 228K Li Shigang 55l 1
UM ARHAT A REREIER DURUFIP I A5 R0 B
ZRENEHRGHAT T 00T, AR B R S Blo-(1-4).
o-(1-6) B HF IR T AR ZEME, Li RuidS ™ a4

ERERILT MRS TR 2] T RN S5 . 252 2%l
T A BB IR AR N S R Ay B3R AR T IR 2
W, 2L FIAR RESLAR o T i 2 0 LU 48 0 £, &
o-RUREFFBEE RN R,  HPLC /Mt 4L i ol Bl 2 L 7
ZpE. CEFUBERIBT A4 . Jiang Junbing 5" T 1B (1) 3
L BT A AT, 45 R SR LR 4L R i
FEMEL CEIURE. AUBE. RRERNESERE, 240 b 1
2 SR G5 A o R B- 2R B B 4 2% 1T B Y an: Hui 26l 105,
1 0 (R FEL I A 8 21 A1 ' 1 3 AT 1) 3 1 2 B RE AR LA
FE bR ANy, A AR PSRRI R
Wi REANFFENE RS A %=, H
SR A ORILAL A B R R AR L BT R AR . L
Bl R S OARBE. HPE SRR R UM IR AE
XL AR F T I a-(1-4) s a-(1-6) 2% a- RO T Btk AT 3%
¥, BHNEAa-(1-2). a-(1-3)s a-(1-5)PETreE, p-AUpETT
D,

B 5 4% 1S 2 i 25 AL ITE 5 1190 SR N R 22 0 e e A 11 s
Bk, K2 B R TT T ORI O SR
AR R AL LW RS, STk R TR
0 22 B R R m AN [R], L OB R A S U e AT R
ZHH GG T H TR 2 B ot 3 R
IR RS & i B P2 o /N RSO o 1E AT IR
Al T 3 2 BB IR B I 4 AF, 19 0 U IR 5 e
R A 1:6, 95°CF M 1hi 41k, JEA ARk
B B 22 W R P 195 1 S R IR AL U A G . Huang
XiaoyanZ5 " 2L G R A AS 15 ARG 1 (1) 35 1E 2 B EAT LL
B, 85 R W R B R A R 2 W AR AR v AR R R
IR 0 488 T PR S o it R R 3RO [T
B 8 A B TE 2 R B 2 14 TS PR A0S, I B0 A ek (1 f
HRA, &5 R SRR IR AL 1 3 1 22 B 70 (2 JEThR 2 40 it 44
R 5 LT O AR R 585 0 Th W e Ty ek L, JF R
H e RN KR HoA U LLsAPS o I HUAR 5 552 15
CH1.545), PSR, o6, FELEREEYE R H 4L 7]
SeOCLX 3 B 2 BT Ttk ek, DARE i (o) A4k
FImL)ZE IR, RNASh A AL, e s 2 B
RN 16820ug/g, WUHRIESS.8%. ML L MOk A
BEJCHLAHE AR A JC B AT LA, T8 T G B 1) A6 1R 1 1)
GER o T TS 22 0 [V BT S 25 G R 1 22 W 1) AR RN 24
HAER, JCAEDEE S T ARG 2R, AR T
HUAR BRI R T, /N B2 3 SE B0 B E W Tl i %
B B i e A E R R E R DY, Bhah, SR PSR
10948 £ 3 T 186 5 L Al A SR

4 WESERERATIRNEMER

PR B RAT A I B AR, AESE B



330 2013, Vol.34, No.11

E6oill=

XA EEIE

RINVEZ R 22 B ) Bex JoAE I ROR = Ak g, EZEER I
NIRRT 1

EE 2N PN Ee s AR (Ve i
& T HS A FE 1 NN 3 A B A R T TR,
WM T IR . E2RE N e T
TR MR SRR S R A 22 0, b 3R WA AR 1
e H . R ICHEFR B LA R EPRCIE R 1M 5 F) 7 H%
FER TS 1A O R B R 2 B B S A
T F 9 A A FE AN SR T RE s S i 42 . J3 4, FlE K/l
SR LB . Zhang Nuowei 25 & BILR 771
(3 2 BN LI CD40. CDS6A B i il 1, 1y
R A R SEE . 2 B R S 2 R
PR BCRAETE S A 20— B R RN E R 23
B2 BE S oAl rh 2 o JE RS B, R RIE T, A
AR AL B EE 2 B I e B R 1 . 9K R T
WEZH S5 NS B2 N R TER, 45 81%
LA AL o 5 0 B s TR R 2 B A 41 . Yan
Fei %R ¢ B i 5 B 2 Bl S5 LFS (HLWAR 1) 43 W [/ 4
Fl . Fan Yunpeng' ) I JIg Jo /0 2 s TE 2 0, 4k
PR, AR BRI 2RI SR AT rde T thAb,
Kiyohara %5 M3 g Hp /3 85 ORI AT sk 2 oy, R IRAS
[ O 6T 5 £ K EEL 45 110 G 28 VYT TR ), ) 2 L
S50 £ A A0S 4 AR G R T AT 28R o 5 I P 20 4%
T EAE21 ~41kDI B 2 M 5 LK@ =W (0 1 A
10~21kD)HH T ELES, 45 3 BoR/K i (IR 4 1 i (1 %2
W= ) A 5 HR A /0 B VB £ 400 o 8 R i v 1 3%
3 TH 255 SR 0 S, M AR P A ) TS SRR (4
PR R TR, mukal i, gk b zERd
S AR AN

5  MAIK

S 2 B R A S VRS 5 s LA S £
Al S EAT G U T SRR D R
B BT U AR SO T H -5 27
i,

SR B A AL SR A 5
ST LT LR 1, S RESE P TACR
ATOT TN IR BRI ALV B IO 524 S 7
(SIT), BRI HUSITINONS. 5362 0
J 3 1 B D BITLR-NF-BINACIK, Wik 3 2
A 50 A LG8 35 FL T (R4 1 1 1 44 1
B 0 A L 05 T B R
L A S ORI A 45 S T 0 %
WA A AL BN, 6 AR B LI R B 6
B DR 33 1 BRI VK B

97, 2R bR s 3 2 BT R T 5O S A 5
B, fEE TR TR . BRI R BIE S i R
B RE e S W TS iR T R I S e Thg . ik r AL,
BB 25 B A AT Y G B A A R 6 9 1) i B
FRZ N TIRARIGIT, Aok ER et @
YRR/ 38 T AR

B LB T3, B 2 B A D ADRHES 0 SRR 2y
J oy N TR, AMLRERE A I, REE
B, IEREA R IR R ESON . R . [
ISR R BATHUR . S 1, 0T < i €6 ] 4 Bk
B VTR KR Ay [ LR ORIE AT BERR R <5
EAMIEORT . SR 2B LU 2 A v R R RE LT M
WAL NATDR 55 2RSSR, R e 4t A, ORiIE
B i .

6 HIREH

B LG ARHEOK AT S e, SR R O O A
SRR R, XA v 2 AT S OROBR N . T
kR KA ORI, RIS NG
J7 I [ PRI R AT IR, RARIE PR S 1K) O B AR
HORAL AR T BIRTLA — B Be. i 24
B RIERE I E R . IS IRBRIO R R e 24
R BERNE RN sTCBEIE ] T SR 2 B R AR
(KI5 o A0 R A (R BT 5. HAT, 0 2 2 B K
2 AR T ARG ik, 32 S B A s A DR
IMFABATH, NG, B2 IR BETF R IE. R
KT 3 580 I e T T RIS, SR AN A e 5 i2ox) 3
SR EAT B, IFRT TR Bl SR o0 L e B ROR K 5%
Wi, GRAFAS [ bk 2= A SR AL R B AL, 5K
FFOLA I B T T RE, K SE U0 45 ) AR SE ik
RV, 3 W 1 98 0 G 2 B AE DR AR £y TR,
A Tl B 8 A2 5 T A N T RS BAT G B T RCR
(Krhs) Jr s B AE TR, sy I A ) 5 SR E A £k
fil =it LA i e M RN, PR
R BN BN AR . BRI Ah, AL G
A RIGRWETT, R 5 B 2 A o N\ A S B A 1R 9
Tk, HE] oA R T, H B8 2 (10 I AU e DA
(155 2 O 2 T 1 8 4 DR AR £l RS 28387 S5 T 1

S 3R -

(1] SMF, BREE, RFt. BRI AR BT )], T R SE06 5 725 2438,
2011, 17(1): 81-83.

[2] TOMODA M, SHIMIZU N, OHARA N, et al. A reticuloendothelial
system-activating glycan from the roots of Astragalus
membranaceus(J]. Phytochemistry, 1992, 31(1): 63-66.

[3] KAJIMURA K, TAKAGI Y, MIYANO K, et al. Polysaccharide of



XA SRR

2013, Vol.34, No.11 ~ 331

[4]

[3]

[6]

7

[8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[1e]

[17]

[18]

[19]

[20]

[21]

(22]

(23]

[24]

Astragali radix enhance IgM antibody production in aged mice[J].
Biological and Pharmaceutical Bulletin, 1997, 20(11): 1178-1182.
RS, B, Xk, 55, 5 2 MR 1627 A0 25 BRI U R (D).
IR R 25 R4, 2000, 14(3): 62-65.

FIDEtE, ARIE . B2 IR IS B e AR R R BR D). ) AR
SEREFAR, 2011, 31(1): 85-88.

TR, TR AN, AN 1A 3 R P s B M /I B S A 1
TRELRISENAN]. SE K241 2224, 2007, 30(1): 195-197.

s tge, R WY, B0, BB 2 BN B S IR T e e SRS 1) S gk
PEATAE ], v S0 5 B2 2441, 2011, 33(3): 232-235.

HKUWIRIE. 8 2 0 R G e SRR IS R [T]. SRRV A A B
2011(7): 142-144.

AL, ZR2HER, SLAETD, 45, B MR A Ko A Mk ik 2 S e itk
HERIEEM(T]. H B w4 L, 2006, 33(10): 17-19.

SHAO Baomei, XU Wen, DAI Hui, et al. A study on the immune
receptors for polysaccharides from the roots of Astragalus
membranaceus, a Chinese medicinal herb[J]. Biochemical and
Biophysical Research Communications, 2004, 320(4): 1103-1111.
RIEL, MY, TEREE, A5, B B2 B (L R PR 5 Tk L 2 T
(IR . PRI R FESE, 2005, 9(11): 130-131.

SRR, A, RBAR, AF RS AT SHE R (D], B
FHEAS H, 2011(2): 10-12.

PR, X, XNEDE, 48 B RS HR BT R BN e 23 v 40 TR
T RNKGR AT RE ST BISEIRT]. P S 2424 ), 2003, 21(9): 1522-1524.
LIU Qingyang, YAO Yongming, ZHANG Shuwen, et al. Astragalus
polysaccharides regulate T cell-mediated immunity via CD11chigh
CD45RBlow DCs in vitro[J]. Journal of Ethnopharmacology, 2011,
136(3): 457-464.

SUN Yongxin, JIN Liji, WANG Tingting, et al. Polysaccharides from
Astragalus membranaceus promote phagocytosis and superoxide anion
(0,) production by coelomocytes from sea cucumber Apostichopus
Jjaponicus in vitro[J]. Comparative Biochemistry and Physiology,
2008, 147(3): 293-298.

FIYT, 454, VAN, S Z RN HRNDIV AR Y 2140 Iy S D e
RSN AN H AR 564, 2011(4): 58-61.

JIANG Junbing, WU Caihong, GAO Hai, et al. Effects of Astragalus
polysaccharides on immunologic function of erythrocyte in chickens
infected with infectious bursa disease virus[J]. Vaccine, 2010, 28(34):
5614-5616.

LI Hongquan, LLOYD R, WANG Jundong. Effect of Astragalus
polysaccharides on erythrocyte immune adherence of chickens
inoculated with infectious Bursal Disease virus[J]. Agricultural
Sciences in China, 2007, 6(11): 1402-1408.

WREMR, 558, (R, 45, BB M0 N AL AN M P F B SRR
£ L PR G 3 D E TR SR D). PR A S A0 i L 2 A, 2009,
11(11): 879-881.

SHAO Peng, ZHAO Luhang, CHEN Zhi, et al. Regulation on
maturation and function of dendritic cells by Astragalus mongholicus
polysaccharides[J]. International Immunopharmacology, 2006, 6(7):
1161-1166.

TONYE, X 5, R, TS W e R T AR TS RE RE D). VLV
P S 2B 24, 2008, 20(4): 75-77.

ANV, SRAWIGL, XK, A8 ST 2 WIRT I B e 1A R Y A AL
[J]. Bl 51, 2011(2): 48-49.

ViR, ZFad B, e, 5. BURC BN R BTN MO A ) G e
WATFER]. T EBAR L 242, 2007, 17(1): 28-31.

YIN Xiaolin, CHEN Lei, LIU Ying, et al. Enhancement of the
innate immune response of bladder epithelial cells by Astragalus
polysaccharides through upregulation of TLR4 expression[J].

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Biochemical and Biophysical Research Communications, 2010,
397(2): 232-238.

Zhao Luhang, MA Zhixin, ZHU lJie, et al. Characterization of
polysaccharide from Astragalus radix as the macrophage stimulator[J].
Cellular Immunology, 2011, 271(2): 329-334.

IR, FIANAY, BRIE, A5 WIS RN R R e B A
TNF-o. IL-1B X NOMZM[I]. o [E e e ml e 2% 2% &, 2011,
17(5): 503-504.

KO J K S, CHIK C W S. The protective action of radix Astragalus
membranaceus against hapten-induced colitis through modulation of
cytokines[J]. Cytokine, 2009, 47(2): 85-90.

BEGE, LI, AR, . R BN RS AR St S A D e
ST, KPZ R, 2010, 29(6): 321-324.

BIBERR, PEE Mk, WRRAR, 45 SR MR/ LS 4N 5 5 4 S A0
KA T IIEEMIN]. FHCE B 24, 2005, 36(6): 616-619.

TR, ME, EAF R, A TSR B A AR R e AT
P I RE R FE ML), Zh00E 97274, 2010, 22(2): 401-409.

Li Jiefeng, ZHONG Yougang, LI Huanrong, et al. Enhancement of
Astragalus polysaccharide on the immune responses in pigs inoculated
with foot-and-mouth disease virus vaccine[J]. International Journal of
Biological Macromolecules, 2011, 49(3): 362-368.

YUAN Chuntao, PAN Xuping, GONG Yi, et al. Effects of Astragalus
polysaccharides (APS) on the expression of immune response genes in
head kidney, gill and spleen of the common carp, Cyprinus carpio L.[J].
International Immunopharmacology, 2008, 8 (1): 51-58.

RFRG, B[ 2, BRI, 5. SR E DN SR % PBMC ' ThI/Th2
AN 1 s A T T-bet mRNARIERIPHAE ] | A EE 2,
2007, 28(10): 1685-1687.

LEE Youngsun, HAN Okkyung, PARK Chanwoo, et al. Pro-
inflammatory cytokine gene expression and nitric oxide regulation of
aqueous extracted Astragali radix in RAW 264.7 macrophage cells[J].
Journal of Ethnopharmacology, 2005, 100(3): 289-294.

LEE Kunyeong, JEON Youngjin. Macrophage activation by
polysaccharide isolated from Astragalus membranaceus[J].
International Immunopharmacology, 2005, 5(7/8): 1225-1233.

O, SRITAR, TLAE 0, A5 SR N R SR bR M), (2R
FHCEEE, 2009, 30(11): 3-5.

AR AL BRI AN A e 1 IS TR ROR FIBE S ). ) &R
Tk}, 2011, 20(2): 20-22.

LI Rui, CHEN Wwechang, WANG Weipeng, et al. Antioxidant
activity of Astragalus polysaccharides and antitumour activity of the
polysaccharides and siRNA[J]. Carbohydrate Polymers, 2010, 82(2):
240-244.

YAN Hui, XIE Yupeng, SUN Shiguang, et al. Chemical analysis of
Astragalus mongholicus polysaccharides and antioxidant activity of
the polysaccharides[J]. Carbohydrate Polymers, 2010, 82(3): 636-640.
ZHANG Xianjun, CHEN Gengzhen, KE Mang, et al. A study on
Astragalus mongholicus heterosaccharides affecting contractions of
isolated bladder detrusor strips[J]. Carbohydrate Polymers, 2011,
85(2): 312-317.

CHO W C S, LEUNG K N. in vitro and in vivo immunomodulating
and immunorestorative effects of Astragalus membranaceus[J].
Journal of Ethnopharmacology, 2007, 113(1): 132-141.

LI Shigang, ZHANG Yongqi. Characterization and renal protective
effect of a polysaccharide from Astragalus membranaceus[J].
Carbohydrate Polymers, 2009, 78(2): 343-348.

LI Rui, CHEN Weichang, WANG Weipeng, et al. Extraction,
characterization of Astragalus polysaccharides and its immune

modulating activities in rats with gastric cancer[J]. Carbohydrate



332 2013, Vol.34, No.11 B5REilE XLEIB IR

Polymers, 2009, 78(4): 738-742. PEHREIFFE]. £ R EE, 2007, 28(6): 317-320.

[44]  Zeorx, BT, B/NER. S S BROR R 2R A 0 [57] RS, XIS, R i ARG S0 il b NK 4 T
Sk HTT). B BEBE 2%, 2008 (5): 5-8. ST, PR B 2R, 1997, 23(1): 44-45.

[45]  YAN Hui, XIE Yupeng, SUN Shiguang, et al. Chemical analysis of [58] Tk, BRID X, BG5S, &5, B 2 0k AR A S 500K A XS S s T
Astragalus mongholicus polysaccharides and antioxidant activity of AEFI A s LU (D). A [ 265, 2007, 29(3): 21-23.
the polysaccharides[J]. Carbohydrate Polymers, 2010, 82(3): 636-640. [59] ZHANG Nuowei, LI Jiefeng, HU Yanxin, et al. Effects of astragalus

[46] MA Xia, GUO Zhenhuan, WANG Deyun, et al. Effects of sulfated polysaccharide on the immune response to foot-and-mouth disease
polysaccharides and their prescriptions on immune response of ND vaccine in mice[J]. Carbohydrate Polymers, 2010, 82(3): 680-686.
vaccine in chicken[J]. Carbohydrate Polymers, 2010, 82(1): 9-13. [60] k3% T, ANEN, HULE. WEEZ S A SRR B o

[47] WANG Junmin, HU Yuanliang, WANG Deyun, et al. Sulfated YEFIREE W), " 25553, 2005, 16(21): 1620-1622.
modification can enhance the immune-enhancing activity of Lyceum [61] YAN Fei, ZHANG Qiaoyan, JTAO Lei, et al. Synergistic
barbarum polysaccharides[J]. Cellular Immunology, 2010, 263(2): hepatoprotective effect of Schisandrae lignans with Astragalus
219-223. polysaccharides on chronic liver injury in rats[J]. Phytomedicine,

[48] ZHAO Xiaona, HU Yuanliang, WANG Deyun, et al. Optimization of 2009, 16(9): 805-813.
sulfated modification conditions of tremella polysaccharide and effects [62] FAN Yunpeng, HU Yuanliang, WANG Deyun, et al. Effects of
of modifiers on cellular infectivity of NDV[J]. International Journal of Astragalus polysaccharide liposome on lymphocyte proliferation in vitro
Biological Macromolecules, 2011, 49(1): 44-49. and adjuvanticity in vivo[J]. Carbohydrate Polymers, 2012, 88(1): 68-74.

[49] GUO Zhenhuan, HU Yuanliag, WANG Deyun, et al. Sulfated [63] KIYOHARA H, UCHIDA T, TAKAKIWA M, et al. Different
modification can enhance the adjuvanticity of lentinan and improve the contributions of side-chains in f-D-(1—3,6)-galactans on intestinal
immune effect of ND vaccine[J]. Vaccine, 2009, 27(5): 660-665. Peyer’s patch-immunomodulation by polysaccharides from Astragalus

[50] s/, BHOCSE, R, AR IEAS SZI I B R 2 MR R AL A T A 1 mongholics Bunge[J]. Phytochemistry, 2010, 71(2/3): 280-293.

S AEH D) HIBD VI LI E [T]. 24584, 2008, 31(4): 588-592. [64] GREUM, EHE, HUT AN ST 0 2 B IR N

[51] HUANG Xiaoyan, HU Yuanliang, ZHAO Xiaona, et al. Sulfated VI CEL 00 R A R L5 4 LI 35 P S (). BR G v B 27 Bt 274, 2010,
modification can enhance the adjuvant activity of Astragalus 33(3): 75-76.
polysaccharide for ND vaccine[J]. Carbohydrate Polymers, 2008, [65]  ARVEIR, MRBE, AHIZT. T 2 BTN /N VRS 7 1 S B YR T 1R 1Y
73(2): 303-308. SRAE ], I e 2# ki, 2010, 26(2): 132-135.

[52] HUANG Xiaoyan, WANG Deyun, HU Yuangliang, et al. Effect [66]  SK3EZ, WA, /NS, 5. SR 20T g I s R 2 I 000 1.
of sulfated astragalus polysaccharide on cellular infectivity of BN EANTLRS . NF-xBRIAM M. 17 K724 B2,
infectious bursal disease virus[J]. International Journal of Biological 2010, 48(12): 120-123.

Macromolecules, 2008, 42(2): 166-171. [67] HRHMSE, G8H 75, W H 5 H R, 55 52 RN A B

[53] A&, T/NHE, AR, A% BRIR AL T I 2 MR IB D T H R e NS MNEB R IR HFFE ). dhBEF, 2009, 30(15): 196-199.
GBOKFRIZID]. F S B, 2009, 41(2): 6-8. [68]  A=giff. B BE 2 MRS & AR IR W ) R A A2 TR L A S g )

[54]  ZEWeBl, WKBITEL A6 B0 B 46 A PR S LS IR 1], KR REM IR, PR BE 2R, 2010, 17(3): 243-244.
PRI S TR, 1997, 10(2): 26-32. (691 BRI, Vb5 I BT B 22 WX 5 WA TS e o7 S 3 S e D e F S

[55] SRt W16 30 6 20 B S5 A0 36 SR (K B 7T A 2 PRIE ). ¥R 1. R EE 2%, 2010, 30(5): 23-24.

YIKZ2EI], 1997, 14(14): 68-75. [70] B, S ARSI (3. b A O

[56] XWX, FIedf, BARAE, 55 S SRR A G0 O S LB RS 2011(6): 40-41.





