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ABSTRACT : The six polysaccharide fractions were prepared by chromatographic procedure from the hot water extracts
of the aboveground parts of Astragalus membranaceus. These six polysaccharides from aboveground parts of Astragalus
membranaceus Bunge were tested for gut-mucosal immune activity and acute toxicity. In a view of molecular weight, the six
fractions were estimated to be 75000, 88000, 129000 and 345000 Da, respectively. Component sugar analysis indicated that
these fractions were mainly consisted of galactose (46.3 ~ 11.8%) and arabinose (35.4 ~ 9.9%) in addition to glucose,
rhamnose, fucose, arabinose, xylose, mannose, glucuronic acid and galacturonic acid. Among the six major purified
polysaccharides, AMA-1-b-PS2 showed highest bone merrow cell proliferation and lymphocyte of Peyer's patch stimulating
activity. It may be concluded that intestinal immune system modulating activity of aboveground parts from Astragalus
membranaceus Bunge is caused by polysaccharides having a polygalacturonan moiety with neutral sugars such as arabinose
and galactose. In single oral dose toxicity study, no differences were observed between control and treated groups in clinical
signs. The results indicated that lethal dose 50 (LDs) of water extracts from Astragalus membranaceus-aboveground parts
was found to be higher than 5000 mg/kg/day in this experiment. From the above results, we may suggest that Astragalus
membranaceus-aboveground parts might have useful as a safe material for functional food and pharmaceutics.

Key Words : Astragalus membranaceus, Aboveground Parts, Polysaccharide, Intestinal Immune System Modulating Activity,
Single Dose Oral Toxicity
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Bl o} [gA AR 9E 23 =59 (inductive
site)2A] 715S Stal 3L (Sminia er al., 1983), L] &

ol 523 AE3LE M cell2 74%E flattered epitheliumS-

ZEe} (Trier, 1991). &4 ol U= peyer’s patche] #H3Z
TEZ M cellol] o8l H3E 37 whgste] AstE &

Y2489 germinal centerol|A 318l A=3HA =, &
S g5 w27 olFste] Ayt FZH (Mesenteric Lymph
Node, MLN)S AA AWE &34 Aot (Jang et dl,
2006). 2222 peyer’s patchol] ZH-&-3le] WA x| 7]5S

eIt AekEl WM EE BB & Sl 2R w4
Hete] AR TE FAAE  Ye Wt opfe} WA

Y= (systemic inflammation)yS ZZH3sle] AzFow dd=
7S, A7 A9AS 58 EFHoE AT F e AL
2 BI%EIT (James and Zeitz, 1994) 1] peyer’s patche]
HAFIA 2] 7S FEA A EE sl YA
o7|1FE FEE AS Aoz Azt
o}

AAA frefgt vl |
OEAEA A2 HA 2A 0] RS
UFE ALo] o]FolAAL Ut =
Z=olx]l thEAR]l WERE TR AR S4sE &

o]l
AR

L
R

EERES DR

IS 7E A oR HIHI 9L (Wasser, 2002; Ooi
and Liu, 2000) 4J&7]9] AlEHou} Gt de|2|okzi

H &2 o WEEFe TeESIEA St
FaAgES 7HA 3t} (Kataoka et al., 2002;
Ohno et al., 2001). =3t FR7IA] A== HEAA F,
FEA @) 2 SR/

AN, o] AT} 78 "M EE FEAT e B
5= Yehli=t L Z50] ARl e A v
A 7|ttt Aol SHEZ o™ (Yamada, 1999;
Borchers ef al., 2000) &=, HAtI RGN A kA 5 T3
Z (Atractylpdes lances DC.2] 273); o Eg= R gy
8ol o8 Candida albicans 3EE w2l s 24
wrojel oA Aol B ET 9T} (Inagaki er al., 2001). ©]
A HollA Aol E3FE R A Aol 7ldshke
AL TR Adate] Ao 7]ge] Astel HE Tl ¢
3 fesHe AEE A5t diel ARSEHARE F US AL
2 AztEdg.

AIAANEL 41A19] /A (homeostasis)yS
AA W HA, AEA 9 =g 24 9
biological response modifier (BRM)Z4] 2H&-g+
o] F79 MEEY receptor 7152 FHETOZH X7}
€ vehdth 28ede E8tal olelst AAAIES] AR
o E HeHH YF glo] AFA R AW AREI glorg
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oo AlES] dTrEoof
g ol2|gh AYeAAIE0]

AIZFERE A o2 A8
A oL SHEEA alo] TR o Hd9] wiio]
Hoj vlwa =4e) BAE % 9 &t 9
A= Ut shEete A2 7 o] A& E A &8 F-
A7 SRl 75, el o gHE=
o= Fesitha & ¢ ok

3}7] (Astragali Radixy= &3} (Fabaceae)oll &35k thd
22 F2 Astragalus membranaceus®] BES IHAE=TH
719] Bl v, Ak, SefEieols, opniedlka) nlEke]
A 59 eSS Theget Aol s o] MYE
73g viFsi] g Ve AR 24 318 flaEl Al
A $850o] ¢t} (He and Findlay, 1991; Kitagawa et al.,
1983; Toda and Shirataki, 1999; Jeon et al., 2010). 53] &
7] o= glucans H]5E3H o] TH3 (heteropolysaccharide)
o} astrogaloside 1~1Ve] AL Fo] FH3H EAlstH o5

fsig
=

oot o

hgR-o} AT AR Haxd 75 71¢lstke] 2ol oF
B Hopo|A wWe FHAS Wy Y} (Zhong et al.,

p
.

o

2012). B7)= AEHCE FEOR AREHO R AsHT B

ofUe} A} om PARE ARNOlE AZA U oA

a0l e Ao AARIE WYl o] 7H4EH miceolA
3] A3 Z7)o) 2gHoIR ZERol= AlRo] LAK

(lymphokine activated killer) A|229] &8 FUIAIZIZZ T
cell& EA43slsle] MASS S7HITITAL s3I (Jiao ef al,
1999). gt 2 Aol ¢JelH g7l AGRE A B
oo = 7Y e sRES 2k e dsd

33HE FolA = phenolic acid (chlorogenic, caffeic, ferulic,

)

p-coumaric) T} flavonoids (formononetin % quercetin,
rutin, quercitrin, isorhamnetin, kaempferol, luteolin)7} © =
2 &R E3H A IS B (Jun ef al, 2012) AL,
7] APE-eF AsHEolA  astrogaloside 1~1V 59 Al2Ed
dS HlaLgh A3t Aol dH- astrogaloside®] 3RS
JsHi-el fAksEAY Aot Bot B & 5o® YERdth
HIE3 Aot (Kim ef al, 2012).

e oA 79 s ZITE A= o= A}
He g7le] Ashite] e sl Auliste &<t 7H1A17]
Sl AAE ] gom opR o] LS AT A F
=24 HEAILL e Aol &7)oh 2 2F Z2
Argehe oF&AES S FITPRAITE 22 dEE
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B7he oJokE ol S AFo ok
EotdA A A 7]F (Ministry of Food and Drug
Safety, 2013)2} OECD #7715 (Organization for Eeconomic

Co-operation and Development, 2001)9] =3} AA|5F ).
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2. | NAR2RH O 22 (AMA-0)2] M=
7] Age] g ] AxdMe EuskE &7
A& 1kgell dis] 208 3] SHFE HrlstaL
+ H7HE SR ARle] H= 7k 7rEERit
YT Y] FTRTE o183l 28] Ny FEIlAL
gete] 591 AR & oAl s Fato] 3tk
%Fe] sHje]l EtOHS H7bste] A7)
7,000 pm o2 LAt ste] s ALE
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o 93+ 2k5} A2} pronased] &3 7lRa A2 S35t
3 A Ao Ay S24s dAsn Ay &
AL s7) Vlwshe EElE Ay 249 odA 244
Ao TUs PHE AEs190H NalOool o) Ak} Azje)
pronase &4 &8k 7R3 *2]= Yamada 5 (1990)2]
WhHoll ejAste] AAJslSlth & ZThd & (AMA-0) 50 mg
o 25mM NalO/7} 3-8 50mM acetate buffer (pH 4.5)
s0me 5 H7FetaL bA, 4ToA 96A1ZF wykalsith. zhod
periodateE | A3}7] #1380 ethylene glycols 718l FA41&
gPate] A& H|EX o] NaBH4ZS 715te] A7 Z24F
o7 $3 F 54, T4 7Ax3 AMA-09] Nalo, AtshE
(periodate-oxidized AMA-0, T&; 562%)= ZA|3ttt.
Pronase E4x°l 9ot 7183 gle U9 & (AMA-0)

il

20mg-S 10mg CaCl7t ¥ 50mM Tris-HCI buffer (pH
7.9) 20mL o] E3MAIZI & 4,000 units/ml &) pronase (30 mg,
Actinase E, Kaken Pharmaceutical Co., Tokyo, Japan)E 7}
st} 37CoA 48A17F 7HRal] AlZiTh 402 0.1 N
HCIZ SAAZIAL 74 F &2 dxsle] AMA-02] &
A E3E (pronase-digested AMA-0, 5; 64.3%)= ZA|5}k
k.

4. | NP2 U 22 2 ZA

1) 2| K& T2 OZAie] 22 M Y ===l
F71 ARE 2ud & (AMA-0, 1009S FTHT

500 mé o] z-8-3l & &, QAE-Sepharose FF (HCOs) column
(5.6 x 38 cmyel] H7tste] ST, SF7F 1.5 L & ALest

of AsiM wIEE E2ls AT 32 28-S 0.068 M,

0.115 M, 0159 M % 0.582 M2] Ammonium bicarbonate
(NH,HCO;) €02 AH =2 &EAIA 7 gEe 74
(Spectra/pord with MWCO 3500, 12000-14000 Da), 5= &
T4 Axste] e g &, AMA-1-a £&58 (20 ¢
NH,HCO;, 4.8%), AMA-1-b §&%3 (1.8 £ NHHCO;,
32%), AMA-1-c %3 (2.0 £ NH,COs, 3.3%), AMA-
1-d #5353 (8.0 { NH,CO;, 33.4%)2 & 5319t

el £ F AMA-1-20] thsle] 02 M NaCl &o=
3 s}El Sepharose CL-6B column (2.5 x 94 cm)ol| A gel
filtration chromatographys Ad3ted 17]¢] EE-S Ao
(AMA-1-a-PS1, 0.54%), AMA-1-b £22 02 M NaCl &
Aoz HyPslE Sephacryl S-200 (1.7 x 82 cm)oll A gel
filtration chromatographyE @ 3ste] 2719 & (AMA-1-b-
PS2, 0.13%; AMA-1-b-PS3, 0.52%)2 AU AMA-1-col|A
% Sephacryl S-300 (2.6 x 85cm)S o] &&to] (7)o F&E
(AMA-1-¢-PS4, 0.04%)S BAY. AMA-1-do|A= 02 M
NaClZ 3 3¥3}® Sephacryl S-300 column (2.6 x 90 cm)}
Sepharose CL-6B column (2.6 x 85 cm)2 A3 £33}l
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AMA-1-d-PS5, (G ESZ 8 24%) 2 AMA-1-d-PS6,
CI3EESZ 8 2.9%)2 AAUth

I=d A (AMA-1-a-PS1 ~ AMA-1-d-PS6)2]
3lol5}7] 913ke] Shodex OHpak SB-805 (8 x 300 mm, Showa
Denko, Tokyo, Japan) column®] "2l Waters 2690 HPLC
(Waters, Miliford, MA, USA)Z 02 M NaCl &do7 &=
AlZ1HA] (0.5 mé/min) RI (refractive index) detectorS ©|
ste] Ao, AA thde] ExE S-S S8l £
AZ dextran T-2000 (2 x 106), T-500, T-70 2 E=FS A}
g3t 7ot EFFAT Kavite Hlwste] 43k

2= =
TEE

&
=

2) | N2 J14 U2 (AMA-1-a-PS1 ~ AMA-1-d-
PSEI0] PAIEH 241

2 @) YE oAl 29, 499 9 ey gee 27t
galactose, galacturonic acid 2! bovine serum albumin (BSA)

O =z

S IFEZAZ 319 phenol-sulfuric acid¥, m-hydroxybiphenyl
H, Lowry' &2 A kit

747k ] 9 BAGA A A& A5l tisle] S
739~ Jones®} Albersheim®] W (1972)22 2.0 M TFA
(trifluoroacetic acid)® 121CollA 1547} BSt A 8BS 7R
3XZ § NaBH,E ©l83ld SATE alditol= X714,
(CH;CO),0Z ©]&3}o] alditol acetate A2 HEAA
SP-2380 column (0.2 gm film, 0.25mm idx30m, Supelco,
Bellefontem PA, USA)°] “&#% gas-liquid chromatography
(HP-6890 11 GLC, Hewlett-Packard, Palo Alto, CA, USA)
2 PGS BT g A A o=
0.IM TFAZ 100CeA 1A1ZF FF 7heial A7l &
NaBD,E ©]&-slo] 53¢ %2 fARE 2 C2 alditol
acetate A2 AFAIA GLCE AT +AE9] H4
S 93 GLCY 2%=2AE injector 250, detector 250°C o]
R columne 60ColA 10| Zshd 30CA2Y] &2
220C7HA] 45AIZlL & 1287 fA18kL A 8TAR9]
B 250CTHA] HSAIA 158S fAske 2o,
FF9] retention timed} HlwEl] Alg T TS
AX FAAFY mol%e= 7 peakEe] WAM| L}
alditol acetate +=A¢] EXFOZHE ALtk &
ratioZ 7|3kt

<y

2=
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-
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o o A 1

2=
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/KC-)] 1‘61—,

molar

5. 2| X5 J1A TiEAl (AMA-1-a-PST ~ AMA-1-d-PS6)2]
g2y 2y 44
1) dEs=

A 5RO PR 53 C3HMHed] YA vhe-E
GO R =AE 2R E FRdsle] ARSIl AlEe A9
TEE RS, 22 AATE AREA AFEES ssler
a2 e, FF 2 RE 2+05C, FHFEE 55+£5%)
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Ciel 221 2 SHA
% QgEeeld Wekwn) 19 124714 (4 94 ~ 959A))
& AT

2) BI AIAR JI2 Tl BRHIZSA 22t 48

F7] ASHEHE H5T YUBA (AMA-1-a-PS1 ~ AMA-
1-d-PS6)e] “dAHS &4 742 Hong 5 (1998)°] *Hell
o|Asle] 2431t} =, CH3/He vhg-20] &2 Ao &
A= peyer’ patchE Z42~HA Z2hlo] Hank’s balanced
salt solution (HBSS)°l HAX petri dishol #7132 =&&
38k peyer’s patch2 5B HZE HEAIIT A2
< FHA No. 20002 2§ & RPMI 1640-FBS (5%
fetal bovine serum ¥ RPMI-1640)Z A &3} ThA]
RPMI 1640-FBSZ Al ¥FEE 2 x 10°cel/ml 0] HESE ZH
3 5 96-well plateol] 180 /X% EF&l BAS =AslaA}
ke AERE TRERE st 20 ¥ H7sla 37C, 5%
CO, viF7IelA 5L7F wjFet § 5 S lste] =54
Z 34 & Sl ARt EAEE $YE RS
o] thEF- wollA 3G, & FAPIE ol8ste] W &
S 2 HBSSE FHYst] Aol wkd & 7)o} o] ofs,
AZ3le] 2.5 x 10°cell/mé RPMI 1640-FBSZ A ZTEHEE =
A3FaL 96-well plateol] 100 1 A B3I thro 2 9o
A de ZFAE A S48 35U RPMI 1640-
FBSZE z}z} 50 L& A7}l 37C, 5% CO, HiSE7]olA
67t wksisith. g9l AAH BEE AES peyer’s
patch A|3Z2te] W3- & 3|53t J5S ZTAIESH vhEA
A ZFAIE7 A AE2A e, $2s S8
Alamar Blue™2] &gA|eFo] Mo} Ql= FFMEe] HAg
AlelA WEEs ARt sl Sslo] WAE= SAYES A
B3I} (Pag er al, 1993). =, FFAIEL} floA] L2 )l
F FeATe] WS 1247F Al Alamar Blue™ 20 /4E
H7Fe th& ¥ =5 SpectroFluor Plus (Tecan, Durham,
NC, USAYE ©]&3l| excitation 544 nm &} emission 590 nm o]
A F7sle, A ETE AR Al ARSSE tixTet FF
Azo] FAEE vlawste] Aeskatict.

o 1=

2|

Al JIA T SFHIEZESA

St g0t 48

Z=AI0IX})
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FXRIAZ A e IL-69]
42 sandwich ELISAYS o]&3Iit). &4 sl A
ELISA§ plate (Immunoplate, NUNC, Basel,
Switzerland)®l 50 mM<2]  carbonate-bicarbonate buffer (pH
9.6)o14 1 pgml 2 323 n}$-2 [L-6 antibody (100 4/
well, pharmingen, Sandiego, CA, USA)S 3}, 4TColA
SHE Fok WhSAIA well EH FHAIHT R plateS
0.05% Tween 202 &3t PBST (Phosphate Buffer Saline-

W oE ZAE F2
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O[XIM - HES -

Tween 20)2 3% Al2st §, assay diluent (PBS-10% FBS)
5 200 40 A Bl ALolA] 1A WSl g7t 2]
&2 well?] EHE blockingdt3ith. ©] plateS PBSTZ
7t welle 33] Al&sla ZEE49 IL & AT &
E= 5Y7F vlYet peyer’s patch WH8- 35l AlE9} assay
diluentE 50 LA EF31] well THS 307 59 blocking
AIZ1L S0l PBSE 53] A& 8I5iTh o EA A2l E]elZl plateel]
biotinylate anti-IL-62} avidin-horseradish peroxidase (Pierce,
Rockford, IL, USA)2| conjugation assay diluentol] 3]2]s}
of EFIL 1A7E Rt WA o] F 7} wello] EA st
= A5dS AASIAL PBSE 73] M & TMB (3,3'5,5-
Tetramethylbenzidine) substrate (Pierce, Rockford, IL, USA)
H7vste] 308 wigElsiem 50 9] 2N H.S0,.5 H7ts)
o W32 FA|SIAL 405 nm A microplate reader (Vmax
Kinetic Microplate Reader, Molecular Devices, Sunnyvale,

CA, USA)E o|&3dle &35 =439t

=5}
o
A

e
T

=
U=

[e>
R

=

=

6. HES 0I5 V| KM =
27 50| SHAE

| =]
=

(AMA-0)9| Hal

1) HEsSE U Alguy
AREES] o]g2 tiEgdsia sEAAEE 293¢
%9l &QIHSE ATACUC-2011-0075 )81l o] FoiFth Ads
52 "= Taconic Aol AAF 2 A F51L e EAHUA

o

A

==
—_—=

(specific pathogen-free, SPF) Sprague-Dawley Al'&-2]
ARESFRALL @3] AT Fol SANES -?43}1*1 o
B 44kl E dighte] S ARTE QJaislth Y %
T 797 A9 =3t HBE AX AW 55 -
Z- 207k E Adslte] . g 4ol F I SPkEE Al
]*9‘3}09\‘:} ARFEES Al el AA 717F B9t 2% 23 43T,
&S 50+£20%, 7134 10~208)/A17F, =1 IZA]Z}
(08:00 %5 ~20:00 &%), = 150~300 Lux, &5 60 dB
olé}, YR HoksE 20 ppm ©skE G =AU 1‘5}, Fol g
#2717 F Polysulfone AFAAF (260W x 420L x 150H mm)
of 2~3 wE FEaem AR 9 g 5 13
w3Eg o, RE ARSI A= 1%%71“&‘&71 (121C,
20 min)2 Yiate] ALl APEEL TPAEE WAL
A HHFAR (Zeigler Bros., Inc., Gardners PA, USA)E A}
=2 AFANFHH A3t BAGTE AAF AFTH

e o

ﬁ —{

2) Az 24 ¢

w8 F 7F o] HaAlFo] #eshs
2w, w9 SRR s TS F 2
sttt @3] AT Fol SHAF oA &
%1: 1:11: olu]-x—]L]_ qo:]_,JH %% ZJB_,] 6}7q]o%kgj
o] 5,000 mgkg/days FoIgh A3 Abdg A A7 gl
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|- Ol - Rl -

day—i *‘-i;‘élﬂ?iﬁ} ‘91
FEES TG S ATS V2= 10 mﬂ/kg«l &
T2 2AlEl 13197 To:]o Rom HA=e] et AFrE
IS FEA HTFAE SHE ol&st] Al ATFA
g & 149 3 AESIST

3) &z U HARS
SN TS 2 FoFEHA 5AAFEHE] 7] (Ministry

of Food and Drug Safety, 2013)3 OECD #HA7|=
(Organization for Eeconomic Co-operation and Development,
2001) 2 GLPAIE] #7349 %A me} Aaw 54 240
A e BBe 2E 4RER vslel £ Hge %
of & IAHE A7 BEEIAL,
2 AR Fot mjd 23] RE FE EH'SH
Zrol] Apdod i, °“ﬂ%*obl =, 2Ed #
1= a9l we A9
o7l el AF
A, 1494 ATE S
HDI- 7(4}\1}\]7] troﬂ %
4 %"%joﬂ isofluran® 2 &<
0w A} AR T 9
o= AFs
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R
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ook ofN o Rl o =
kd

Bakd FFUAE Fr)s9eH A%
SPSS 14.0KS °|&3IL 24 o= & &7] A
2 Di“‘?‘ﬁ 54 E]":Lxﬂo] FoHe] g4
A 5 Als Aol diste]
oneway analy51s of variance (ANOVA) AAHS ARSI,
olw] p-valueZ} 0.05 |5t 7-¢- Folgh Aoz WHgsigint.
T3] AT Fo] FAAAFHAA AlgEEe] JEEA] ot vk
X (LDs)el 2HS 913 FAI= AAEHA 28ttt

Ry

al
=

(d

&1} z

K

1. 0| X|&E=28H oY &2 A

Haskd 7] AP AEENY A
o2 sl AHIHA A4S HAS 73J/]. AMA-0
10 gl & X213t 7% F. 1. 3ol 786.5+28.85 JEN]
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Table 1. Effect of chemical and enzymatic treatments of crude
polysaccharide (AMA-0) from aboveground of Astragalus
membraanaceus Bunge on intestinal immune system
modulating activity.

Sample Treatement Concentration F l_uoresc;ence
(ug/ml) intensity "

Control* - - 602.0 + 12.4*
No 10 786.5 £ 28.8%*

treatment 100 1145.8 £ 62.6*
polyscarcuc(il(;ride Periodfl e 10 4142 +31.9+¢
(AMA-0) oxidation 100 598.3 £ 61.4"
Pronase 10 654.2 +23.5%*

digestion 100 1025.5 £ 56.4*

"The proliferation of bone marrow cells was measured by a
fluorometric method, using the Alamar Blue™ reduction assay. *For
control, only saline without sample. *and #, p <0.05; Significance
between the control and treated fraction and significance between no
treatment fraction, crude polysaccharide fraction from hot-water
extract (AMA-0) and treated fraction.
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=, AT S 185 A= Table 29F 2T

7] AFFEFE 2ElE o] tdAl S AMA-1-a-PS1
o] EAFES 75,000 DaS & B3 96.2%S UERHRIAL &
REF=22l arabinose, mannnose, galactose, glucose2] mol

B 7} 14:13:26:1.0 (Ara:Man:Gal:Glc=14:13:26:
LOYS el on AT 1.3% Slde 03%, 24t
TS 35%E 78 thFRIE F RS ol

DEAE-Sepharose FF2] 0.115 M NaCl £&98 Sdlo] g
gd FEQ AMA-1-b oA gel filtration chromatogrphay
= 3slo] A& vl EE (AMA-1-b-PS2, AMA-1-b-PS3)
o}slako. 92.1%, o=

AMA-1-b-PS20] #AE 345000 Da, FHH-2 3T
arabinose, mannnose, galactose, gucose2]
ThHal &)

2R o} Z=E 3]0
1=

=3 ocxaT== o
mol B]7F 0.5:1.1:1.1: 1.02 YeRET A 2.9%,
F 744

S 47%, $-24t e 32%% PAE ORI
el Ftog ERIFUTE AMA-1-b-PS3 I
AMA-1-bZ FE PS25 A= 3} FdsiA 2831
2 87000 Da®l thdA]l gi-S FSsiTh, AMA-1-b-PS3=
FHEFEZ2] arabinose, galactose mol H]7} 1.3: 12 YER:
AR 3.0%, AL 4.6%, 24 THES 3.6%E T
A OER7E F 8RR e

AMA-1-c-PS42] 221 345000 Da, 3%+ arabinose,
mannnose, galactose, glucose mol H|7} 0.9:1.6:14:1%2 YE+
WAL AR 4.9%, WAL 52%, 24t S 33%2
TRE hdF7E F R ERIFUCH

DEAE-Sepharose FF2] 0.582 M NaCl £Z9S& 53}o]
Ao A FEA AMA-1-d EFOZHRE gel filtration
chromatogrphayS a3t 42 271¢] & (AMA-1-d-PS5,
AMA-1-d-PS6) % AMA-1-d-PS52] EALS 129000 Da,
%I—EL‘ZU;G

#5272 arabinose, galactose, glalacturonic acid mol H]7}
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Table 2. Physicochemical properties of the active polysaccharides isolated from aboveground of Astragalus membraanaceus Bunge on
DEAE-Sepharose FF, Sepharose CL-6B and Sephacryl S-200.

Fractions’ AMA-T-a-PS1 AMA-1-b-PS2 AMA-1-b-PS3 AMA-1-c-PS4 AMA-1-d-PS5 AMA-1-d-PS6
Yield (%) 0.54 0.13 0.52 0.04 2.4 2.9
Molecular weight (Da) 75000 345000 87000 345000 129000 88000
Contents (%)
Cabohydrate* 96.2 92.1 91.8 91.5 72.6 54.1
Uronic acid® 3.5 3.2 3.6 3.3 25.0 43.2
Protein' 0.3 4.7 4.6 5.2 2.4 2.6
Component sugar (molar ration)
Arabinose 19.1 12.8 35.4 15.2 25.3 9.9
Fucose 0.8 4.5 0.6 4.0 0.3 0.2
Galactose 36.0 25.6 46.3 24.1 26.2 11.8
Glucose 14.8 23.6 4.1 17.6 3.9 4.1
Mannose 17.8 24.8 4.6 28.5 4.6 5.2
Rhamnose 4.1 5.1 2.5 5.3 9.0 6.1
Xylose 6.1 0.7 3.5 0.4 2.3 1.0
Galacturonic acid 0.5 1.5 0.5 2.4 24.9 58.6
Glucuronic acid 0.8 1.4 2.5 2.5 3.5 3.1

TFractions: AMA-1-a-PS1, 0.2 M NaCl-eluted fraction fractions obtained by Sepharose CL-6B of AMA-1-a; AMA-1-b-PS2 and AMA-1-b-PS3,
fractions obtained by Sephacryl S-200 of AMA-1-b; AMA-1-c-PS4, fraction obtained by by Sephacryl S-300 of AMA-1-c; AMA-1-d-PS5 and
AMA-1-d-PS6 fractions obtained by Sephacryl S-300 and Sepharose CL-6B.

*Carbohydrate content: phenol-sulfuric acid method (as galactose).

SUronic acid content: m-hydroxydiphenyl method (as galacturonic acid).

IProtein content: Lowry method (as bovine serum albumin).
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E2® AMA-1-b-PS2 (100 pg/ml 212 A], kel 2.4240)
9} DEAE-Sepharose FF2] 0.582 M NaCl £&98 %3&}o]
Ao & FEQ AMA-1-d ¥ O ZHE Sepharose CL-6B
column chromatography 3} Sephacryl S-300 (2.6 x 90 cm)&
©]-8-3 gel filtration chromatogrphayS 35t H-2]E 271<]
2, AMA-1-d-PS5 (100 zg/ml 7] A], thze] 1.989))=}
AMA-1-d-PS6 (100 1g/ml 2] A], thzx=tell 22680)elA =
< BAS YERMISIT (Fig. 1).
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2t} AFAAIdl= olglg galactosyl residue®} arabinosyl
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Fig. 1. Direct effect of the six polysaccharide fraction
isolated from aboveground of Astragalus
membranaceus Bunge on bone marrow cell
proliferation. Control, (only saline without
samples); PS1 (AMA-1-a-PS1), 0.2 M NaCl-
eluted fraction fractions obtained by Sepharose
CL-6B of AMA-1-a; PS2 (AMA-1-b-PS2) and PS3
(AMA-1-b-PS3) fractions obtained by Sephacryl
S-200 of AMA-1-b; PS4 (AMA-1-c-PS4) #action
obtained by Sephacryl S-300 of AMA-1-c; PS5
(AMA-1-d-PS5) and PS6 (AMA-1-d-PS6) fractions
obtained by Sephacryl S-300 and Sepharose CL-
6B. TThe proliferation of bone marrow cells was
measured by a fluorometric method directly,
using the Alamar Blue™ reduction assay, and
each value was expressed as the mean +SD of
quadruplicate assays; Mean with difference letter
(a-d) within a column are significantly different at
p < 0.05; *Significance between the control and
fractions (p <0.05).
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Fig. 2. lymphocyte of peyer’s patch stimulatin
activity of six polysaccharide fraction isolate
from aboveground of Astragalus membranaceus
Bunge. Control, (only saline without samples); PS1
(AMA-1-a-PS1), 0.2 M NaCl-eluted fraction
fractions obtained by Sepharose CL-6B of AMA-1-
a; PS2 (AMA-1-b-PS2) ‘and PS3 (AMA-1-b-PS3)
fractions obtained by Sephacryl S-200 of AMA-1-
b; PS4 (AMA-1-c-PS4) fraction obtained b
Sephacryl S-300 of AMA-1-c; PS5 (AMA-1-d-
PS5) and PS6 (AMA-1-d-PS6) fractions obtained
by Sephacryl S-300 and Sepharose CL-6B. 'The
Broliferation of bone marrow cells was measured

y a fluorometric method through peyer’s patch,
using the Alamar Blue™ reduction”assay, and
each value was expressed as the mean£SD of
quadruplicate assays; Mean with difference letter
(a-e) between control and fractions are significantly
different at p <0.05; *Significance between the
column of fractions (p <0.05).
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Fig. 3. Effect of the six polysaccharide fraction

isolated from aboveground of Astragalus
membranaceus Bunge on cytokines production
(IL-6) in the culture supernatant of peyer’s
patch cell. Control, (only saline without samples);
PST (AMA-1-a-PS1), 0.2 M NaCl-eluted fraction
fractions obtained by Sepharose CL-6B of AMA-
1-a; PS2 (AMA-1-b-PS2) and PS3 (AMA-1-b-PS3)
fractions obtained by Sephacryl S-200 of AMA-
1-b; PS4 (AMA-1-c-PS4) fraction obtained b
Sephacryl S-300 of AMA-1-c; PS5 (AMA-1-d-
PS5) and PS6 (AMA-1-d-PS6) fractions obtained
by Sephacryl S-300 and Sepharose CL-6B. "The
Broliferation of bone marrow cells was measured

avfluorometric method, using the Alamar
Blue™ reduction assay, and each value was
expressed as the mean+SD of quadruplicate
assays; Mean with difference letter (a-e) between
control and fractions are significantly different at
p <0.05; *Significance between the column of
fractions (p <0.05).
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P=o] AF M3} (body weight changes)} S (weight
gains)E At & A} A AldEE FofllA oz
I Hlwste] fo4 e AFHske AT SAF (weight
gain)®] 79 T 2wt 7] AN FEE FoAES 7
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(p<0.05). L2]3 A 2Tt A2 42 494+6.79 ¢
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AT} (p <0.05) (Table 4).

Table 3. Mortality and lethal dose in SD rats treated orally with hot water extracts of Astragalus membranaceus aboveground parts for 14 days.

Hours after treatment

Days after treatment

Dose (mg/kg) Sex Final mortality
1 2 3 4 5 6 1 2 3 4 6 7-14
0 Male 0t 0 0 0 0 0 0 0 0 0 0 0 0 0/5
Female 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5
5000 Male 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5
’ Female 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5

*Number of dead animals.
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Table 4. Body weight changes in SD rats after single oral administration of hot water extracts of Astragalus membranaceus aboveground

parts for 14 days.

Body weights (g, gram)

Dose (ne/ke) Sex 0 days 1 days 3 days 7 days 14 days Gain
0 Male 235.3+7.0° 238.9+73 283.6 = 8.4 3260+ 7.7 367.5+10.7 132.1+£12.0
Female 170.2 £4.3 186.3 + 2.7 191.7 £4.9 201.2 £ 4.1 219.6 + 3.8 49.4 +6.8
5 000 Male 2343+ 7.1 2599+10.0 283.9+9.2 325.1+128 371.5+£128 1372+70
' Female 169.5 + 4.1 1859 +4.4 194.8 £ 3.7 205.1 £ 4.7 220.5+10.9 51.0+7.8

"Values are presented as mean + SD of total number of tested animals (n = 5). No significant difference observed (p < 0.05).
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