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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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pronase 4 ]38k 7R3 *2l= Yamada 5 (1990)2]
e oAt AAlEth & 2o EE (AMA-0) 50 mg
o 25mM NalOygF g% 50 mM acetate buffer (pH 4.5)
somt & FHristar A, 4TolA 96AZF wRkalth. 2
periodateE | 43171 #1380 ethylene glycols 718l F41&
gPslo] Ao HjFEM M| NaBH4S ZH7I5le] SYAF|L 2AH
o7 F3 F FA, 54 Axsle] AMA-02] Nalo, AbshE
(periodate-oxidized AMA-0, F&; 562%)S ZA|3t3d
Pronase E4x°l 9ot 7183 AEle 2H3 & (AMA-0)

sgick. Hekae)

o ox Rl 2

20mgS 10mg CaCl7t ¥ 50mM Tris-HCI buffer (pH
7.9) 20mL ol E3MAIZ] & 4,000 units/ml &) pronase (30 mg,
Actinase E, Kaken Pharmaceutical Co., Tokyo, Japan)E 7}
ate] 37ColA 48A1F 7hiall AlFTh &ANkE 0.1 N
HCIZ SAX7IL 74 F &2 Axste] AMA-09] &
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1) 27| KA J1 Tl &2 Mx Y =50l
g7 AH 209 g7 (AMA-0, 100gS TFF

500 mé o] z-8-3] & F, QAE-Sepharose FF (HCOs) column
(5.6 x 38 cmyel] H7Fete] ST, SR/ 1.5 L& A3
o AAEA PIE2 HES AASITE 2 2L 0.068 M,
0115 M, 0159 M % 0.582 M2] Ammonium bicarbonate
(NH,HCO;) €02 AH =2 &EAIA 7 g8 74
(Spectra/por4 with MWCO 3500, 12000-14000 Da), 5= 2
T4 Axsted e E F, AMA-1-a 588 20 4
NH,HCO;, 4.8%), AMA-1-b £Z&%3 (1.8 £ NHHCO;,
32%), AMA-1-c &3 (2.0 { NH,CO;, 3.3%), AMA-
1-d 85538 (8.0 { NH,CO; 33.4%)S 53

a0e] F8 T AMA-1-a°l thste] 02 M NaCl 8o
8 3lE Sepharose CL-6B column (2.5 x 94 cm)ol| A gel
filtration chromatographys Ad3ted 17]2] EE-S Ao
(AMA-1-a-PS1, 0.54%), AMA-1-b #3& 02 M NaCl &
Aoz B3 Sephacryl S-200 (1.7 x 82 cm)oll A gel
filtration chromatographyS aJ3te] 2709] &% (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 FE
(AMA-1-c-PS4, 0.04%)2 AATE AMA-1-dIX= 02 M
NaClZ 33 3}¥ Sephacryl S-300 column (2.6 x 90 cm)3}
Sepharose CL-6B column (2.6 x 85 cm)S AR £33}l



2| KMFEFE Fa

AMA-1-d-PS5, (HF3EEo2 & 24%) 2 AMA-1-d-PS6,
CI3EESZ 8 2.9%)2 AUk

I=d ddA (AMA-1-a-PS1 ~ AMA-1-d-PS6)2]
3}ol5}7] 913te] Shodex OHpak SB-805 (8 x 300 mm, Showa
Denko, Tokyo, Japan) column®] “&2Fel Waters 2690 HPLC
(Waters, Miliford, MA, USA)S 02 M NaCl &9jog &=

2= =
TEE

AlZ1HA (0.5 ml/min) RI (refractive index) detectorE ©]-&
sto] Aefstion, BA thde] A 58S 98 FETE

AZ dextran T-2000 (2 x 106), T-500, T-70 ¥ FEEP-S A}
gajo] P BERAT Kavike vlzale] 2439
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S IFEZHZ 319 phenol-sulfuric acid¥, m-hydroxybiphenyl
., Lowry o= JaFsiSitt.

747k ] B BAGA AN A2 ARl tisle] FAEE]
739~ Jones®} Albersheim®] W (1972)2.2 2.0 M TFA
(trifluoroacetic acid)@ 121CollA 1547} BSt A 8E 7R
A F NaBHE ©]-83le] $4TS alditol2 S]],
(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 Al o=
0.IM TFAZE 100CeA 1A1ZF FF 7heial A7l &
NaBD,E °]&-slo] 53¢ %2 fARE 2 C2 alditol
acetate A2 AAIA GLCE AT 7ATE9] H4
S 9%k GLCY 2%=FAL injector 250C, detector 250Co]
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7] AFFEFE Y535 tEA (AMA-1-a-PS1 ~ AMA-
1-d-PS6)%] J4HH &4 A2 Hong 5 (1998)2] ol
o Aste] E3IATE =, CH3/MHe PF-29] &7 Aol &
A= peyer’ patchE Z42HA] ZEhflo] Hank’s balanced
salt solution (HBSS)°l HAX petri dishol %713 &<
st peyer’s patch25-E A|E2E HEAIZITH A3
< F5A No. 20002 oJ2g & RPMI 1640-FBS (5%
fetal bovine serum F-F-E RPMI-1640)Z A3}l THA|
RPMI 1640-FBSZ A EFEE 2 x 10°cel/ml 0] HESE ZH
3 & 96-well platecll 180 /% EF3}3L AL =Asaxt
ke AIRE FREE M8 20 A kst 37C, 5%
CO, ¥iF71eA 5U7F weFst § 5s Fdte] =54
Z 32 24 S ARSIt FAEE FEE R
o] R WollA FFletl, S FAPIE ol&ste] W &
S 2 HBSSE FYste] Aol w2 T A7]9} Zo] o3,
AZ3le] 2.5 x 10°cell/mé RPMI 1640-FBSZ A ZTEEE =
A3l 96-well plated]] 100 £ 2 EF3IATH tho 2 $of

A e ZAE A S48 FeAak RPMI 1640-
FBSE 7z} 50 (0% H7V8lal 37C, 5% CO, wg71olA
647k v

Falgich. A2 g

= AFE 9 peyer’s
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A ZFAETT A AE2A e, $2s S8
Alamar Blue™¢] 3gA|¢fo] 4o} = ZpAl2e] Mg
AlelA WEEs ARt sl Slslo] WE= SAUES AL
B3I (Pag et al., 1993). =, ZFAIEL} Hollx] G2 H)
F FeATe] W= 1247F Al Alamar Blue™ 20 /4E
H7Fe th& ¥ =5 SpectroFluor Plus (Tecan, Durham,
NC, USAYE ©|&3) excitation 544 nm &} emission 590 nm o]
A Fsl, AEAETE AR Al ARSSE tixTet FF
Ao A EE vlawste] Aeskaiict.
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ZTAE T2 FAAE dHA e IL-69
=742 sandwich ELISAHS ©]83l5c} 4 35 &
ELISA& Maxisorp, NUNC, Basel,
Switzerland)®l 50 mM<2]  carbonate-bicarbonate buffer (pH
9.6)o14 1 pgml 2 323 n$-2 [L-6 antibody (100 £/
well, pharmingen, Sandiego, CA, USA)S 3}, 4TCoA
3L Fok WhSAIA well EH FHAIH T O plateS
0.05% Tween 202 &3t PBST (Phosphate Buffer Saline-
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Tween 20)2 33 Al2$t §, assay diluent (PBS-10% FBS)

£ 200 10 A EFsaL A2olA] A7 W] ste] A17F 24
22 well®] EWS blockingslSith. ©] ¥ plates PBST=
7} wellS 33] Alsla EFEHQ IL-68 5 343 &9
= 5Y7F wFSt peyer’s patch WHS- A5l Al52} assay
diluentE 50 £ EF310] well AL 307 59 blocking

AZ1 Fol] PBSE 53] M3t} o]ZA] 2= oA platedl]
biotinylate anti-IL-62} avidin-horseradish peroxidase (Pierce,
Rockford, IL, USA)2| conjugationS assay diluentol] 3]s}
of BFSRL 1M7E Rt WA ©o] F 7} wello] EAst
£ A5dS AASSL PBSE 73] AlFE 3 TMB (3,3',5,5-
Tetramethylbenzidine) substrate (Pierce, Rockford, IL, USA)
£ F7lste] 302 wiFatl o™ 50 o] 2N H.SO.5 FH7Fst
o] W32 FA|SFAL 405 nm oA microplate reader (Vmax

=

Kinetic Microplate Reader, Molecular Devices, Sunnyvale,
CA, USA)E °l&slo] 355 S3sI3tt
6. HEE 0|88t 2| KT =0 =2 (AMA-0)9] tHl

74; _|_01 SAMAIE
l% I

o] &2 th7HEEteha %@ﬁ%ﬂ-ﬂ%ﬁm
(&ECIHF ATACUC-2011-0073)8}] o] Foixith. A&
u]= Taconic AFfA] A4k B AlFslaL A= E"é‘%%xﬂ
(specific pathogen-free, SPF) Sprague-Dawley AlE2] &
ARESFRALL @3] AT Fo] SAANES -4?511"1 2y
HMrRE dightol e HARRE Yt U 2
7d7ve] Adx &3} AL Ax A3 =5 c%}
207 E s }04 e 4] 2 7 suEE AR
83l5ATh AREE 2 AlFe] AA| 717 B 2% 23+37T,
50+£20%, 71314 10 ~208)/A17F, =1 12/\]7J
(08:00 A5 ~20:00 &%), = 150~300 Lux, &5 60 dB
o]a}, RoksE 20 ppm ©skE G =AUt -‘-:Eﬂr, Fo
#2717k Z Polysulfone AF524AF (260W x 420L x 150H mm)
o 2~3 v FE&aNe™ AR B g 5 13
wesglon, BE ARG7AAlE 1%‘%71“*&71 (1217,
20 min)2 Fetaste] ARSSIATH APETES LPAEE A
A HFAMRE (Zeigler Bros., Inc., Gardners PA, USAE =}
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FEET TR AT TS VISR 10m/kg ] &

== ZAse] 18]/1d= Fofsiglon] dre] Fuly 8-S
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g% 149 TS AEsG.
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wusle 97] AR ARRYE Qe 2o 2L o
o® o] Apwel P& AHF AT AMAO HERL

10 g/l & A2k 749 F. 1. 3ol 786.5+28.85 LIERY o]
)& [F. 1. (Fluorescence intensity): 602.0 + 12.4]H.C} =&
A4S JeERIYS™ 100 rgml & AH7s A9 F L 3kl
1145.8 + 62.65 YERHo] tztel Hlste] 1.98) o) S7He
e L}qumq (Table 1). elefa Aohz ebale] 948
el 2458 AEA 2289 F2 FEFHE MeOHL
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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(i;ride Pe.riod.a 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.

T2 EARE YA o'
At B3 (Yang et al., 2004)2}
o] =2 HPAE 47] SsliM= 4
WA g EARe] 3=
of Aget Z7lo|aL o] A macrophage®] E4S A=
sl A EFolgls B (Ministry of Agriculture, Food
and Rural Affairs, 2002)¢}= FASINCH 37] A4HE o
For deFEH dus IHE Bl oAl 2 g7
¢l AMA-0 ol 4 248 7THe =20] E3EA
e Ao T =AY
27) AFE e R Id5FE des

AR = 2o FE AMA-0o] 231 SRS HESY
$5le] AMA-0Z periodate (NalO,) AHs} 2 whad

4?1 pronaseZ 7HEENE o]F 1 HESAHEE|
THE FA5S 58 AAY A4S va AES
Table 1914 R.oli= ¥ periodate 2F3} 2 pronaseol] 2|3k
TRHEE R AHEolA BE TR AMA-09] gl 24
o] Zrastloyt 7] A 2ud & 100 xg/ml o
pronaseE A2t Agolle] FoHS &4 The SAFSE
fo]3t ==0] ot} periodate 4F8} 2 pronased] <]3k
7ol ogh 7] AR 2obe gie] el &4y

=
o

ol

=

2 W& F 53] periodatel] o3 A7t 71 @ €4
2 ¥ES JeERiIT AEF%E 100 zg/ml, AMA-0 49

47.4% 7¥22). Periodates= 3] 720X 15 eH hydroxylZ | &

Zhe Bhao} ' Al ATl 5AS Zhetal By
3L AOEF (Goldstein ef al., 1965) &7] A5 Zrhd &
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75,000 Da®® FEFE 96.2%S VFERIUAL T
arabinose, mannnose, galactose, glucose®] mol
7F 14:13:26:1.0 (Ara:Man:Gal:Glc=14:13:26:
1.0ye VRN om AR 1.3% whllEe 0.3%, $-24F
e 3.5%2 TEE ORIE F LR el

DEAE-Sepharose FF2] 0.115 M NaCl 598 Salo] g
2 FE2l AMA-1-b #-Zof|A] gel filtration chromatogrphay
= P3lo] AL 2] FE (AMA-1-b-PS2, AMA-1-b-PS3) 5
AMA-1-b-PS29] F-A}2 345000 Da, a2 92.1%, THT
4 IRFEZQ arabinose, mannnose, galactose, gucose2]
mol M7} 0.5: 1.1: 1.1 : 1.02 YEPEAL A3 2.9%, Td
S 47%, S22t FFe 32%2 FAE ORI F 84
Bl gRroz IRIFAUTE AMA-1-b-PS3 Fi-2 HREQ
AMA-1-b% 78 PS25 A= 7 T 2&ste] 24
87000 Da®] thA &S F53ISith, AMA-1-b-PS3=
FHEFEZ] arabinose, galactose mol H]7} 1.3: 12 YeRst
G 3.0%, AL 4.6%, FEA FEFE 3.6%E T
e OER7E F RS E UehsTh

AMA-1-c-PS49] FAFERE 345000 Da, FEFEZ arabinose,
mannnose, galactose, glucose mol H|7} 0.9:1.6:14:1%2 YE+
WL A 4.9%, DAL 52%, EA R 33%E
TE ORI F RS E SRIEI

DEAE-Sepharose FF2] 0.582 M NaCl £Z9S& 53}o]
AL A FHA AMA-I-d IO ZFE gel filtration

chromatogrphayE a3t 42 271¢] F& (AMA-1-d-PS5,
AMA-1-d-PS6) & AMA-1-d-PS52] EA %S 129000 Da,

%]—T.L‘ZUX1

#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).

1.0:1.0: 1.02 VERGT AT 28.4%, THlE L 249, &
4 G2 25.0%2 E TERIE F AR R

2 UERITH AMA-1-d-PS6 2 REE0] AMA-1-b& F-E|
PS-55 e A A AEslo] LA 88000 Dall
PS-65 EE3AUTE AMA-1-d-PS62] galactose, galacturonic
acid mol ¥]= 5.0:1.00.% vebgt AAIR-E 61.7%, Thze

2.6%, T SRS 432%% E TERIE F R
o s vehsth
2. 2| K|[eFR JI1IA TZAe] SFHIEEA 29t Sot ™
A=A gl HA

7o TR AgAlEE0] frEistal dsshe Aol
WA o] MYPLE x3e AP, 4y F Y o iR
o] AXEL FFHor F4 W ZERAE (hematopoietic
stem cell) 2h= FYTH AA oA A= 3148 =gha}

]
o

o 2t AANSS
AIA wl$ 88tk
G7) ARRERE B

A EAE & WYy

Z2e e

ZTA3E9]
™ (Charles ef al., 1994)
A hete] FFAE
Agsted 2 A3 oA
oAl FFME SHEHE
ERlf2lom E3] DEAE-Sepharose FFS] 0.115 M NaCl 8%
AE F3te] 2 & FERQ AMA-1-b #Fof|A] Sephacryl
S-200 (1.7 x 82 cm)2] gel filtration chromatogrphayS &3

o

\
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28 AMA-1-b-PS2 (100 zg/ml 2] A], thztol] 2.424)
9} DEAE-Sepharose FF2] 0.582 M NaCl £&9S %3}
Ao & FEQ AMA-1-d ¥ S ZHE Sepharose CL-6B
column chromatography} Sephacryl S-300 (2.6 x 90 cm)E
©]-8-3F gel filtration chromatogrphayS 3Jste] HE2|E 271<]
2, AMA-1-d-PS5 (100 zg/ml 2] A], thz2o] 1.985))=}
AMA-1-d-PS6 (100 rg/ml 2] Al, thz=tell 226480)elA =
< A2 Ul (Fig. 1).

AMA-1-b-PS2 A= T 92.1%} 2T 3.9%, T
A 47%% TR e =ATO FE= grabinose, mannnose,
galactose, glucose mol H]7} 0.5:1.1:1.1:1.08 X3=AT,
glucuronic acid®} galacturonic acid2 dE AHdEe] 2.9%
2 e F4%el F FAEE] W AMA-1-d-PS53%
AMA-1-d-PS6= F3°] 717t 72.6%, 54.1%, ©HHo] 24,
2.6%, 24k FHeFo] 253, 4322 FAE U3 4T
284, 61.7%% TAHo] F2 2JFo] Bl Befsk= 24
24 FHrEoxl dAIQl Ao FA

AMA-1-b-PS2 TF3AI7} 28 RE2E AMA-1-b9] 7§
arabinose®} galactose®] S0 F FHTOE A= A
AL A5 HAA]) ZFAE STl 7P =0T AMA-1-
b-PS29} FUd mEZo2 EelE AMA-1-b-PS39 3%
backbone %! framework®l| galactosyl residue$} arabinosyl
residue”} ZH-31A EAIS= 54 polysaccharided A= A

1=}
o

-
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e}, AAAldl= ol2lg galactosyl residue®} arabinosyl
residue”t -6 EAh= THEAI=A] arabinogalactan¥} T
o] B9k 7} EA)SH=t] (Bacic ef al, 1996) 2]EolA]
o5& ME FAA (cell identity) oL} AES} AE AT
A (cell-to-cell signaling), AI3E2] 52 (cell proliferation),
A A EZu] A (somatic embryogenesis) = SHEFE AY A
(pollen tube growth) 52 A2 715& Fdste Aoz &
4 o} (Kreuger and Holst, 1996). 37t oz} A7 9]
rEE5Y IAH A=
(classical pathway) 2 F74=Z (alternative pathway) F-ol|A]
HAAES ST REI9™ (Yamada ef al., 1985)
lack woodo|4] 2|3} arabinogalactan®] 74-%- NK (natural
killer) M2ZE E4s} Al71AHY} macrophagedll Xl M 2] s}
cytokinie?! TNF-08] A4S FXIA7]= 7I5°] Avkal B
(Kelly, 1999) 3}aL 1o 7] AGF2HE 22EH AMA-1-
b-PS2 A

#2]¥  arabino-3-6-galactan©]

= 2]E9] arabinogalactan backboneS 77X AL

LR |
G WelE B TRARY B8 S A Ao A7
A},

AMA-1-d E2oziy Ze2d i thdAl, AMA-1-d-
PS59} AMA-1-d-PS62] 7d-%- galacturonic acid’} Z}z} 24.9,
58.6%°] T E FHrE] U 2MIe] B9 HERE R
ol A 4 92 arbinose®} galactose®] HlE°] TR F4
the] HlgRTE =4 YER galactosyl residue$} arabinosyl
residue’} HlwA FHsH| EAshs AR =2 ZTAE
FHET 9 WY 2945 Uelle AoE AZE K
olggt Axt= AlFuTe] o 7Rl AA] (kER)eIA 2]
gk BAA &3t A7 AMdRe] S4lo] | AW Eeith
Foz H|EAT] galctopyranose@} glucopyranose”} 2ol
HAZ FAHA BAA S HYs Sl old 23
Bl thgad o] Zg3tk 3 WA (Ra ef al., 1997)2F
AletR o WE (Centella asiatica)ZHFE ¥ 4849
Ak Baltigo] TH 9 BAEES B43) AA HY5S

7N ¢ o= 23 (Wang et al., 20059 AT
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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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gro] ok 7 BEFA 5,000 mgkg S A3 e 3] A
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[e)
=

2) Mz Yis}

G7) A FEE T3] AT Fool gk 1497 b
P=9] AF W3} (body weight changes)2} AT (weight
gains)E A5t & A o AlF=E FolwolA tixs
¥ vlaste] o4 e Alswshes fllth S5 (weight
gain)®] 79 7 2w 7| AR FEE FoAES 7
7} 132.1+11.97 g 13724696 g2 FAHS Yeh) 7]

AR FEE Tl thxml Vs FeI% Aol gt

OT Tae
(p<0.05). 283 A 2T AlDES 2H2F 4944679 ¢
2 51.0+7.80 g0 = 7 SRl AojA Folgtk Zpol7t ¢l

AH (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 ot 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+7.38

"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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FAE L, dH] 79 NOAEL (no observed adverse effect
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