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 E. BAREEEE S (Astragalus membranaceus polysaccharides, APS) 44 B IRV IGE WA Hrh., K
P ARRBEIL R R 4 °CH= 120 °CAEAMF T H& T H K S48 APS4 A= APS120, #RIEHF|H 1.09%F= 4.84%, ABST 4
FIREN A H 2.17x10° 4= 1.82%108. LM 5Hr &8 APSA Z VA (1—6)-a-D-Glop h 449 F s, @ APSI20 & 4 %
A, RRIAITE LR = WA S 45 APSA F= APS120 34 4L B F4R I H22 8 R ABE BT . BRI @B -FKFH#
FrhI I A K, A9 E 5K 46.79%70 37.87%., A /KIRIR 4G APSA R I BB IAATIEE N, RAIRIRIR EAH)F
RGE LM . RBFR A E RS M0 T 6 5] & BALIY TG 5L R 3R A% T 2R IR

KR BN SMRIE: RABUIRIE T

FESES: R284 YRR : A NERE: 1672-6510 (0000)00-0000-00

Structural Characteristics and Anti-Tumor Activity of Astragalus

membranaceus Polysaccharides Extracted at Different Temperatures

MU Lan, WANG Ruohan, CAO Shengyu, WANG Zhen, DAI Keyao, LI1U Anjun
(College of Food Science and Engineering, Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: To investigate the effect of extraction temperature on the structure and antitumor activity of Astragalus
membranaceus polysaccharide (APS). APS4 and APS120 were prepared by aqueous alcoholic precipitation at 4<C and
120°C, respectively, with extraction rates of 1.09% and 4.84%, and molecular weights of 2.17x10° Da and 1.82x10° Da,
respectively. Structural analyses showed that APS4 was a glucan with (1—6)-a-D-Glcp as the main chain, whereas APS120
is a heteropolysaccharide. In vivo antitumor experiments showed that both A. membranaceus polysaccharides APS4 and
APS120 significantly protected immune organs, elevated cytokine levels, and inhibited tumor growth in H22 hormonal mice,
with tumor suppression rates of 46.79% and 37.87%, respectively.The cold-water extracted APS4 showed stronger antitumor
activity, indicating that the low-temperature extraction is more conducive to the retention of the active structure. The
conclusion provides a theoretical basis for the targeted preparation and antitumor application of A. membranaceus
polysaccharides.
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il g Bl AR B R AE VR . R, S 2 hE
WA o 2 RIBEGR 5 2508k F 45 v [) S 9% 4 FH 3
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1.1 JREAR

PRI RE M 2 . A REARAE S . 6 R
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JEVE, R FESRAS R R B R RR AR S, N
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Carbopac PA20(150 mm>3 mm) & R 5 738 ikt it
1753 Mo
1.43 ¥ HEAHT

HERIFREL 10 mg APS, JIHA 2 mL DMSO (4A 4y
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TIHEBE, BARHHEE, 242 200 H 40 8 . JER 4 4 °C.
1500 r/min B5.0» 5 min, 3% _EiEW A H PBS &40,
1) 4% ek 33 24 e BB R 0 10 L 4 BB T B A
[ 52 JE AT ARG - et (HE Yot , 7ESMEE
T EZ B R A T A
1.5.4 e’ F44n

W/ UIRRE L, 4 <T. 4000 r/min &> 10 min,
WA MK, 7E-20 °CoRMH T A#4E. F ELISA 77 &l
SE ML R IR BEIR 7 o (TNF-00) « y T3 3 (IFN-p)
MEAgifuN%-2 (IL-2) WM&, i@ ELISACalc
BAERE R 2 .
1.5.5 AV98 tm e B A A7

KH 1.5.3 FT 7 10 4% SL R MR A0 BB, 2%
MBINNTIA 2 4 °CIH) 70% L 1F, BRIEHIRS, 4°C
[ . [l 5E AP 4R PBS 2Pl 1 X,
JIN 50 mg/mL ¥ FE A% R ACRNase A), %], 37 °C
5% & 30 min, 50 mg/mL i Pl 4, 4 °CH#% & 10 min.
I S5 2 A M o i SR A 8 O A R R
M, Modfit LT AbFE 55 .
1.6 Zeitoth

Frfscia b B 3 Ik, HdEH SPSS 26.0 #475>
B, DA CSPIEMRIHEZE” R, tRIS AR R 3 5 %
43HT CANOVA) , P <0.05 £nz 5t B gt L.

2 HRSWE

21 REEAESESI—MS

TR 2 PRI 22 o WK 1. APS120
FEECR B S T APS4, PRI Z AL LT A A
D HE B 0T 3 SRR AR R o Jd e v SO i vk
(HPLC) llsE B Z AN 7 it (B 1) .
APSA AR (i 7 B — SRR, $IR A —
oo DL SRR AR 22 ) A v it 26 o &l 2 fr
7N, y=-0.5764x+10.721, R?=0.9967. ¥ APS4 1 ik
B fEARN, TS A 4> T & 2.1710°, APS120
R Pt S B B — o AR, {E I ) B SR AR,
FHXT 0 TR BN 1.82108, %45 B B mrilf R SR HUT)
WS T K.

ARHE LTS R

= 1 APS4 F1 APS120 (b F AL 4ERK
Tab. 1 Chemical composition of APS4 and APS120

2.2

ER7 APS4 APS120
SRE G /% 53.90+2.14 51.60+3.09
FEEUCR % 1.0940.23 4.8440.35
BB i) 1% 92.96+2.39 89.2844.18
EE % 0.9640.17 1.1340.13
FERE R 1% 0.5440.11 1.6840.12
I JEHEI% 0.1640.09 0.2640.12
(a) APS4
(b) APS120

1 APS4 §1 APS120 S3AME &L E
Fig.1 HPLC spectra of APS4 and APS120

B 2 #rfErhs
Fig. 2 Standard curve
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APS4 I APS120 & Lt AR 321 43l a3
Fi~. APS4 F1 APS120 (W g KBUHIR . 7E 3420
emt AR KR O—H ZEIRS); 2922 cm™
AR IR IS IR IR C—H I 4R 2 ; 1418 cm™ AL 1R
W R C—H MRS, X 3 MRS AL
S AT AN AU o 1630 om Ak R AL I 2R T 45 K )
f71E, 1000~1200 cm™ & A 1) =AMy 1 JE T C
—O—H Ml C—0—C H{H4EHRzh; 1000~1050 cm g
L PAY (1A PR A e 3 A ML MR AR PR 477220, 860 et A
Wi 22 B APS4 F1 APS120 545 o F4L fr i 4 261,
T 3% A BE R B RFAE R S e, IR S H o v 2

[27]

(a) REIRERYE

(b) APS4

3 APS4 F APS120 8 BT HaLT JhHe ik E

Fig. 3 Fourier transform infrared spectrometer of APS4 and
APS120

2.3 EBEAMSHT

TR EhRERE . APSA Al APS120 BT i/ #fr
SR 4 PR o SR G PRE SR B T iy b T
A1, APSA HREHFIENE, B APS4 & —FhE b
1M APS120 - % iR ZEhE . FhrfAhE. L3U0E. #4
PERIAREAL S, Y&y 013 :0.16 : 0.14 : 1
0 0.1, 4R SIER-HEMS CGRAG HPEBS RS ) A1 R
LLAMGIE AT (SR Z R AE VG ) &5 FAHENIIE, iIE
5 APS4 5 APS120 #5514 2 bk . DAAE I 7R B,
APS JE &R 2R S o KT (VR TR BEL, AR
WL RS AT . 4 CCHREUGRTFH APS4 5 120 °C
TURIEBUGRIS ) APS120 1E BUBELL R b AT AE B
S, ZRBPEIER B I 2 R R 2 W (1) 2 4 REAE

(c) APS120

4 SEAtRERPE, APSA 1 APS120 BT &L
Fig. 4 IC spectra of standards monosaccharides APS4 and APS120

24 BRESH

APS4 FIEAL JE £ sl il 5 B . dEid
LA S50 T DUSH RS HEWT S i 2 MR s i L. 5
REEAFE AL, SRS TE 3400 cm?
A1b P R AT s B S 90 5%, 2900 em Ak g HR AR AE IR iz e
PR, APSA HILMLBEFREEEE LR 2. 5T
TRy o 3 I O-20T L, APSA AT 2 Pk R4
A, N—6)-Glep-(1—F1 D-Glep-(1—, 525N
83.9%7F1 16.1%, 4 LA E AR A7 HilbRid e A F1 B.

5 APS4 RELFHILIINIEE
Fig. 5 FT-IR spectrums of APS4 after methylation
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& 2 APS4 RELHEFRE
Tab. 2 Methylation analysis of APS4 by GC-MS

IR PEH SR ELfI/%

FLERE R miz

A 2,3,4-Me3-Glcp
B 2,3,4,6-Me4-Glcp

—6)-Glcp-(1— 83.9
D-Glcp-(1— 16.1

58, 71, 87, 101, 117, 129, 145, 161, 173, 189, 217, 233

43, 57, 71, 88, 101, 129, 145, 161, 205

25 FHHBEFREMBENE

APS4 il APS120 34 Hi 7 2 4se Bl an ] 6 Fio .
APS4 Bk | B FIREEH, RIMAIH, fEHLUR,
TERAA LI, SEHB0%, WG, APS120 #1424
BUELTC T 220K

(a) APS4 (b) APS120
B 6 APS4 #0 APS120 FA3#E F B HIEE
Fig. 6 Microscopic morphology of APS4 and APS120
2.6 HEEKLSHENKRRTUMEEME
261 PERAT. LEBERITEFOLTA

APS RN FUMRTE LSS R 7 B, *Forh
FHAMEAE BEZER (P<0.05) , ##RR5BAY
A EEZER (P<0.05) .

I 7 Ca) AT R, BN RATAG R I 22
SIS R G, 52 AR, BRI 44
B BEAE RGN, BT R B AR A
MR A A 5 R % (P<0.05) , HEUE Rz 4.

(a) BENRFELWL

(b) MERESIER

HE 7 (b vk, SHAEME, &Seid
R EE BRI (P<0.05) , HFEREEAR.
Hp, DL CTX dAMyg &), SitsE, HMgi
]k 59.17%; L-APS4 ZH A1 L-APS120 ZH iy 4111
ROy 33.04%F1 22.91%; AHEL TR, &=
s 21 1 R P06 2R BT 7, H-APS120 2L Al H-APS4
H TR 253 7 N 37.87%F1 46.79% .

I R R0 PP A AR P S e 4 1, R AT LR
WAL e Dhae . ALk s 2 24, 2 BB
ARG AT R IBLREY, hE 7 (o) "5, 5
T EHAA L, BN R AR AR SR 2 TR, R
FRBH TR (P<0.05) 5 SHAIZAMLLE:, APS %
bale=e AN i) TS A G R =T Vi R SR A

(P<0.05) . CTX i 8 FAE R I Med i ALy 7 254 Al
G N, B CTX ZESTRT 14 5] It 30 AL A B
FEINREEA, CTX 4LISERsh 0t AR ke . i g
FRBFRARAN RN FEHOE KIS (P<0.05)

Zi L RTIA , APS 7 2 IR 6 BLAR AN e CTX
4, (HR U 2, H-APS4 438 Kk 5] 46.79%,
T E IR i S AR, BiRgERE
B, APS TEAI AT ()[R, G2 3% 5 10 0 245 21 2
%, Mk APS X feds B B AR YEM, fE—Eilt
FEl N, APS B RIS, SRIE G,

(o) REFREEK

B 7 APS AR AEE M
Fig. 7 Antitumor effects of APS in vivo
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£, S AN[EIR R R G A B o) B AL

SRR S PR « 7

262 FARMFE M HE £ &4 R

W% 2/ SRR 2 B R AT HE et )s, 25 R
8 ffim. ARAAL/NRMRAIIL EIE S, AREER
SERE . 5 SR ZH 3 W U R B i R A e 1 TR S AR AL
L-APS4 411 L-APS120 ZH At i gett, 574l
BSR40 .t AN R R R A% [ 45, H-APS4 4 A1l

H-APS120 AR TRA EAZIE R 2, HIZ N
e, R ERB R TR CTX AMR s
et )5 LT R A, U AR EER,
LRI R, 5 SCHER i 40 i R IR S — B

331,

8 SLIAMELAE HE 3

Fig. 8 HE staining of solid tumor cells

2.6.3 ik e E FKP

MR 7 AR, RS SRR RN %
iE SN, EH A BSOS e AT B R i, PR A TAL
A& B IR . Tha 385 1L-2 A1 IFN-y A~ SR HE T 40
J 3% 5 DA R s NK 4H . 2 DhREAE 2 40 i 1R 1
TNF-a %15 32 56 RAEFI SR AG M 28 S S A2 0 75 )
B4, RERIT APS X iR /N RIS AT ER, X/
BRI IL-2. IFN-y 1 TNF-a #4758, 45 R an &
9 fion, * RS2 AAMLA BEZR (P<0.05) ,
#RoNGEMNAME A REZESR (P<0.05) .

9 MEHAMEFSE
Fig. 9 Cytokine levels in sera
HE 9 Ala, S5 AHEME, AR
FHIRK (P<0.05) ; SHRIAMEL, CTX A&k
T B FRIE K FEAR, 2% 7 5 2H 407 I /) B PR 400 i B8]
AP R 2 BT (P<0.05) , Hirb H-APS4 2 %% R #x
NEF., SRFY, APS ARG EGE Thl BGu%k
M, AZFE IL-2. IFN-y Al TNF-a [0, AT G 5%
PR G RN

2.6.4  SARATIE a0 R HA AT

Y1 A AT 438 GO/IGL AL S AN G2iM A, %
AR DNA SEAR, 4050 T YLk DNA
TR AT GL #. Bk ARE (PD 2 —Fpar L
IR AR R 45 & 1), A4 RNase A
AbFE R RNA JG, B PLYett, 9 g0 Ao &
AN[F] DNA & &g, m o4 3 A 1 el

IR iR 4 ) 43 A7 RH 5 400 B o B o [
10 flr7 . Y ZH MR 20 1Y) GO/GL #. S HAAN G2/M
IR ELA91 53 505 42.23%. 31.85%41 25.92%, T
1 2.48%, VEEIMRAEKAT RIPIRES . SR
tt, CTX iR 4n L S HiE K 2 68.57%, G2/M #
TPEAE 5.68%, MBI oA ILF] 28.63%, i
CTX iR 4 M ps BHIR /2 S B AR/ R TR
APS4 Il APS120, =y 771 & 1 i e 40 B i 72 28 53 7 ik 3
20.69%711 16.30%. AHEL T-HAYZH, APS4 4H S HA itk
FTFE 40.47%F01 46.17%, APS120 41 GO/G1 L4
23R TFE A 45.43%F1 51.83%, F B APS4 I APS120
A AT 7R S HART GO/GL #1155 H22 R4
FPET.
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ARHE LTS R

(b) EHHAEREHASEE

10 SERRVEARREEA S RIS A A S

Fig. 10 Cell cycle distribution and proportion of each cell cycle in solid tumors

EEPEE

3 & ig

APS4 JE—FLL 1, 6-0-Glep N FHERT o HIFLH
BHE, X T REN 2.17x10% APS120 & —Ff o
PR 2 0, R BTRAARE. EFLbE.
PREFIAHE L (R , LR & v = ZH 5y, PR
&Ly 013 :0.16:0.14:1:0.1, HSTHEE
N 1.82x10°8, DL LA REL Dy 2 6

RN PR SEIG R, APS4 Al APS120 HfEfR
PR N R S A L TR K, O
IS T4 DNA IR H 5 1 BE A 40 B A S B,k —
SR AN T, AR H22 fardg /0 BRI e
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