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Abstract

In a previous study, we fractionated crude polysaccharide (AME-CP) with macrophage-stimulating activity from a hot-water extract
(AME) of Astragalus membranaceus. AME-CP contained glucose (Glc) as a main component sugar, suggesting that it might be rich
in starch-like compounds (SLC). To enhance the immunostimulating activity of AME-CP by pruning SLC rarely known to contribute
to activity, hydrolysate (AME-SH) was prepared by digesting with starch-related enzymes, including a-amylase and amyloglucosidase.
AME-SH was found to contain substances with molecular weights ranging from 3.9 to 84.4 kDa. These substances were primarily
composed of galactose, galacturonic acid, Glc, arabinose, thamnose, and mannose. AME-SH significantly enhanced the production
of macrophage-stimulating factors, including nitric oxide (NO), interleukin (IL)-6, and IL-12, in RAW 264.7 cells compared to
AME-CP. Treatment of splenocytes isolated from C3H/HeN mice with AME-SH not only promoted IL-6 secretion, but also induced
mitogenic activity. In addition, AME-SH promoted the secretion of hematopoietic growth factors including IL-6 and
granulocyte-macrophage colony-stimulating factor (GM-CSF) in Peyer's patch (PP) cells and stimulated bone marrow cell proliferation
through these PP cells. In conclusion, hydrolysate (AME-SH) digested from AME-CP with starch-related enzymes could be used
as a potential immunostimulant.
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E7}91S ®&E3tH(Arango Duque & Descoteaux 2014). Ao E7}
Q12 interleukin(IL), interferon(IFN), chemokine % lymphokine |
S St A Tt AAES vifchs G ERA Al
o] /g7t EaERt ot et WY ¥ES-E At o $8% 9
32 SHCHOpdal SH 2018; Zhang 5 2018).

YW, 37|(Astragalus membranaceus; AM)= &I Legumiosae)
of 3 cha 22 45| B2l ofxlo} AT} 3¢ 2
obmelte] U Aolo] Hashe] o|ziE gorozA Hol
A8 A0z FAA UTHKim 5 2007). B719] 8 R
flavonoid, saponin & polysaccharide 5 © & (Zhang 5 2009), TF
Z(Bae & You 2017), FIAEZ(Kim & Kim 2008), FALs}H
(Shahzad 5 2016), 3FH}o] & A (Ghabeshi 5 2023) & W =%
(Song 5 1998) 59 A5°] ATt K= ek 719 =8
AE = S5l 3] thdF(4stragalus polysaccharide; APS)y=
484 heteropolysaccharide?] &0 7 Z=A]3} HZZo| H1l
W5, sl 9 YR ds 28 ofshyel a5l drkn
# A 9ItHZheng S 2020). E3Y, Li S(2022)0] T2 H APSE
HAA L7} ThFgt Afo| E7FQIT A H7FQ19] S Friestho]
o vh-3-S RASE 4 Qlrkal B EQIch o|2gt APSE HEl
9dE J99 rhamnogalacturonan®} o-1,4 ZAZoz LA
gluican® 8 F8 FAgEo] QIthal HIEI Qlth(Sheng &
2021). A=A FH e AEZ 2 (cellulose), A EZA
(hemicellulose), HE-(starch) @ B €l (pectin) 5O A= o] 9l
= o] & A& Aoz B4R A o 5 oiut
2 A 9ItHSmimova S 2015; Cho S 2018).

BERS7HZ AA o |-eE g ECY Ao 22 3
AAR AR JYDY E4& X6t o= 35hEQl
A ] WHo] vlsf gk Aol FA|HolojA T AA o R
o] AF2E| T 9ItkLee S 2010; Sung S 2013). BH=3HE 7}
2o BAL BSHES JeRdslel BeRon R 4
A AEZ amylase, cellulase, B-glucanase & hemicellulase 5

A glom, ol olgatel AE HUE HET S5%
2

it

o)
fll.
& for

]
(Cho 5 2018), Q14HKim 5 2007b) 2 X7} A (Kim 5 2022)
5 AE A 2259 AYBAY ST B A7t AS
Ho=g HyE Qoh thAA HZ] tgRel AES 4T

oz Mg o AR BAY R «-14Z2FE ddsi=
endo-type?] 7IEfAAQl a-amylases ©|-&35lo] HAEHS
st dAER v dolA 9 2 IFES
A AdH= exo-typeQ] FAQ] amyloglucosidaseE ©]-8-5}0] Z&E

29 8hgo] o]Rolt Ao LA UrhLi 5 2019)
3, Kim 520242 o4 A70IH 712 HE A A3
FHL Vel 7] 2ohg Su5t §l-RAEH ] 0 g AT

T g&o] o RE0] Jouy Bos 2A 71osHA
U= Ao=E Il AE A SRbE(starch-like compound;

SLOE AABH] ¢dto], a-amylase®@} amyloglucosidase®} 2+
AE I 54 AYS ] 2ud 29 adAHE
(AME-SH)Z A x50 thoket WY A= &3 3184 E4Z
Al H gk}

W o by

1. 87| 84 JlR6lE2 Mx

H Lo A o] &= Z7|(4 membranceus, AMy= 2023 St
oA A" AL ol8stion, Goflo] X3 (Pochen,
Republic of Korea)oll A Fuistitt. 7] 25 9 203 g2
< Kim 5(2024)2] ®Hio] wtzh 2A|skitt. foFstd, Az
B71 T 208(wiv) 2 71 F @552 AP o,
o|% =84 JHEZ AASH Al A= (9,588 g 4T, 20
min, Daejeon, Republic of Korea)S F3J5}1l 5Z(Eyela, Tokyo,
Japan) 2 527X (lIshin Biobase, Seoul, Republic of Korea)o}o]
7] G43EE(AM extract, AMEYS ZA|5H9t}. 0] 3 AMEY]
95% F4& 5l 7ksto] wHkgt F AHE(9,588 g 4T, 20
min)5te] AAES FEA(MW cut off: 12-14 kDa, Spectra/PorTM,
Sectrum Lab, Rancho Domiguez, CA, USA), 5= % 5Z2AX3s}
of 2t &E(crude polysaccharide, AME-CP)O. 2 E3I5}¢t}
g20 7 2t 3E9 a-amylase(Sigma-Aldrich, St. Louis, MO,
USA) 1,000 unit & amyloglucosidase(Sigma Aldrich) 100 unitZ ¢
of, A FAfll M AlFet 22 2SOl 47 WESSHRATE BhA]
Ho g, ang BB f8 1583 7Hde st
AHE2(9,588 g, 4T, 20 min), £4, 55 9 32X &
7] 2ob 289 HE B 4 714EE(AME-SHS XA
SFATH(Fig. 1).

B B3 AA%E 522 A A|ZE polyvinylidene
fluoride membrane filter(0.45 pm, Jaema Trade, Gangwon, Republic
of Korea)Z o]3}5}0] Table 13} -2 ZZA O Z high performance
size exclusion chromatography(HPSEC, Agilent Technologies, Palo
Alto, CA, USA) AAELE o]gsto] £A51 . REEd2
galactose(Gal; Sigma Aldrich) % t}Fst EA5FQ] pullulan
(Shodex, Tokyo, Japan)& ©]-85}% 1L, retention time(RT)S 53|
BE BHL AT F AR 219 RTS ¥ Ts}o] KDao2 A

sheict.

3. THE 9 FdE Ex

F7] a4 7teEeEe] AR BEE 245 Adl 54
, AP, ald Z8]8E 2 keto-3-deoxy-D-manno-octulo-
sonic acid (KDO)-FAREAS dFE SHsIAT 4T
glucose(Gle; Sigma Aldrich) s EFE2E 0]-83|| phenol-sulfuric
acid H(DuBois 5 1956) 0.2 EA43} 11, AT galacturonic
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Astragalus membr (A. b AM)
- Addition of DIW and boiling to the half volume (decoction)
- Centrifugation (9,588 g, 20 min)
- Filtration
| |
Supernatant Precipitate
- Concentration
- Lyopilization
Hot-water extract (AME)
(24.5% of raw material)
- 80% ethanol precipitation
- Centrifugation (9,588 g, 20 min)

Discard

Supernatant Precipitate
- Dialysis (cut off 14,000 Da)
- Concentration
- Lyopilization

Crude polysaccharide (AME-CP)
Rich in starch like compound (SLC)

(11.0% of AME)

- a-amylase treatment (1,000 unit)
- amyloglucosidase treatment (100 unit)
- Centrifugation (9,588 g, 20 min)

Discard

Supernatant Precipitate
- Dialysis (cut off 14,000 Da)
- Lyopilization
SLC enzymatic hydrolysate (AME-SH)
(15.0% of AME-CP)

Discard

Fig. 1. Preparation scheme for enzymatic hydrolysates
(AME-SH) derived from crude polysaccharides (AME-CP)
of Astragalus membranaceus.

acid(Gal A; Sigma AldrichyE FSFE3 2 510 m-hydroxydiphenyl
A (Blumenkrantz & Asboe-Hansen 1973)°0. 2 HA15}¢ ). thaf 2l
L bovine serum albumin(BSA)—o— 0]4‘16]—0% Bradford MM(1976)2]
o g BASI o, & E s T2 gllic acidE EFE
242 stol Kim 509 HES AYel] BAsis
3k, KDO-SAFEAE e KDOE HFZEZ=R 0|83l
thiobarbituric acid®(Karkhanis 5 1978)0.2 BA35}¢i 00, 7} L

AAG - e - 9B FFAEGIHLA
3 GRS Www)E ek ek, T Honda S(1989) 2
Shin 50209 WHE Fuste] Bt Azl 2 M

trifluoroacetic acid(TFA; Sigma AldrichyE *]2]3}| aldose T2
% 0.3 M NaOH2} 1-phenyl-3-methyl-5-pyrazoline(PMP;
Sigma AldrichyE 7}sto] @37t PMPE AYS FrA=
ALAIZH. ©o]F 03 M HClZ 7} $3HA]7]1L
chloroform(2%} -GuiA) o2 Z2] B F&3to] & ST —E—ﬂ?}
%] PVDF membrane filter2 oJ31}5}%th o35t A|&= HPLCE
o510l Table 19] 27102 BHFIACH, B4 AT Gl
71& 02 2 molar ratio2 UERHTEH

Bt

4. DIRA S2 CIAME X2 2

Ao A AFRE TheA a8 RAW 264.7 Al E 3= SHEA| T
Z=-2-3Y(Korea Cell Line Bank, KCLB, Seoul, Repubhc of Korea)o]|
A dgeotgi o vieke] AME-E HiA|= Dulbecco’s Modified
Eagle Medium(DMEM; Hyclone, San Angelo, TX, USA)°| 10%
fetal bovine serum(FBS; Gibco, Waltman, MA, USA)Y} 1%
penicillin/streptomycin(GenDEPOT, Katy, TX, USA)& A 7}s}o]
37C 4 5%2] CO, 27004 viFsHATh thAAE A= S4S
=457 918 RAW 264.7 A|EEZ 2.0x10° cells/mLZ 96 well
plate®] Z}F wello]] 180 uL& E25ko] AA A|7F vjFsl & YA
B2 S4s ARE 2220 LA Heet H 24817 Aulers
gtk A2 42 = AAE AsH Amitric oxide; NO)©] BHEe
A & 5} griess assay(Tursun 5 2016)5
2 4% ¥ M2 ek AR A2 <)
Z]-?_] 1nter1euk1n(IL)- 9 TL-12%= BD Bioscience(San Diego, CA,
USA)O|A] -3t enzyme-linked immunosorbent assay(ELISA) kit
Z BA5I9 1, ZF A ZAM A AlFE recombinant proteing &
o #EIAS AT & IS UERTh

sodium nitrateS _-E—é

Table 1. HPLC analysis conditions for average molecular weight and component sugar analysis

Analysis Molecular weight distribution Component sugar
HPLC system Agilent 1260 Infinity series Dionet Ultimate 3000
(Agilent Technologies, Palo Alto, CA, USA) (Dionex, Idstein, Germany)
Column Superdex 75 Increase 10/300 GL YMC-Triart C18

(Cytiva, Marlborough, MA, USA)

300%10 mm, 8.6 pm

Column temperature Ambient
Flow rate 0.5 mL/min
Eluent 50 mM ammonium format

Injection volume 20 puL

Detector Refractive Index Detector (RID)
(Agilent Technologies, Palo Alto, CA, USA)
Integrator Agilent chemstation

€

(YMC, Kyoto, Japan)
250x4.6 mm, 5 pm
30C
1.0 mL/min

0.1 M sodium phosphate buffer (pH 6.7) : Acetonitrile
83:17

20 pL

UV detector at 254 nm
(Dionex, Idstein, Germany)

Chromeleon 7
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=

5 dHSE
TEATES U= SEATERY Y] A9 KNUT
IACUC 2024-01)E AA APF o, AT 657 C3H/HeN 113
2 (female)S FEHo] 2 E(Seoul, Republic of Korea)oi—,—ﬂ o
Uoistch WUEES A% % BE AGEA GHT > A
RALE 22£17T, 40~50%)S x]ﬂlgui
Y 19 AR fASHGT A8
2 1397 A3 717k A & A¥of o] &F U

6. HIZMIZOAMS| O0|EH X AOIEFIR! dMdsS
1FY7ko] FL 7|7He 7-]73_ C3H/HeN U225 CO, gasZ
BANA RREoR e HET § a3 NG I40
(100 mesh)o]l ofZtsf A5 FEAIF Tt o]F 0.2% NaClkZ A
gloto] HP1E AAT F 35T AEE 2.5410° cells/mLE
96 well plateo] 160 LA EF3 F FA 27 4 mitogen A 2]
1FOR o] BAT T E74E AT mitogen A
2]of|+= concanavalin A(Con A) T+ lipopolysaccharide(LPS)S
20 uLA A5kt o] 3]A4%E Al S ZF wellof] 20 uLA] A
Slstel A 5t HeFsteln. ol Wik A5 AL st
Ez-cytox(DoGenBio, Seoul, Republic of Korea)S 30 uLA &5}
of A& A2 tfy] upo]EA %*é(rrﬁtogenic activity; %)
BAWC T35t BN E w9k 19] IL-6= BD Bioscienceo]|
Al FQJSF ELISA kit® 24319 21, recombinant proteing =
o T EERAE 59 pyml2 WS EASA

7. Peyer's patch 45t AIO|E7IQ1 MM 2 DM|E SA

Peyer’s patchs 7473t AT HA &/d2 Yang 5(2004)9] v
Hol| wet SHskleh 1597 48 717k A%l C3H/HeN v
$AE CO, gasE o]&ste] ARl & Ao EAsk=
Peyer’s patchs &0} 24 G550 ojste] AxE
25HAT}. A2 ALE 2.0x10° cells/mLE 96 well plateo] 180
ULA 7} wello] B261T 3143 A2 2 xqao}oq 5917} HioFat

5 i 45 AL B5stech AW, BHAAE B BA

AME-CP
20000 1
15000 -
0.2 kDa
= 10000 -
= 0.4 kDa\‘
=
5000 - 106.6 kDa N
N
0 T : T \
10 20 30 ’ fm
-5000 -

Time (min)

Fs-rafzo] we B4 285

EEESLE PEINCEEEREESVEREE)
serum free-RPMIE F5l0] ZTAZE AF & oIst ZA
Eoﬂ 0.2% NaClx A E|sto] D5 A Ao 4 AlZH

2 2.0x10° cells/mLE 96 well plateo] £33+ 5] Peyer’s patch H]
ot HEstel 62Ut WA H EreyionS Aelstel Az 2
A2 H] F5AM2E 545 (bone marrow cell proliferation; %)
o Baslglth B5e W 4SO 116 F granulocyte
macrophage colony-stimulating factor(GM-CSF)+= BD Bioscience©]|
A 43S ELISA kitE ©]-&5}0o] A|3-5= recombinant protein©]
et BEZHS BT § pgmle BFL hepych

8. SHAzZ

BE A 39 HHESIR Y AT At RS HAL
(standard deviation; SD)Z UERHCE B4 A= SPSS V26
(SPSS Inc., Chicago, IL, USA)S ©0]-8-5}0] Student’s t-test= AHJAt
3 2} p<0.05, p<0.01 & p<0.001 o)A F-2l/d= HASHAT
E3 A8 7 Y8 HUksr] A B4R (analysis of
variance; ANOVA)S AA8) ZF =47k 7+ 82142 Duncan’s
multiple range testZ p<0.05 &0 &2 AHZdITt

Zat o oF

1. 87| 84 JI-EslEe 2AE B
AME-SHO| #4135 2ls}7] 9ls] HPSECE ]850
B4 3= Fig 20 Yl o] Kim 5(2024)9] &A7]
A 7] 2ohd FE(AME-CP)Q] BAeS 420 106.6 kDaol
E43} o1l 0.4 kDao] BAo| EAE 0] O th(Fig. 2), A
2 o9 847 SLCE 7HEdE AME-SHO| B2 B
3.9-84.4 kDa®] E3o] EA1H ] AUt ol k= 7] &
o 2l2o] e SLC7F A AP E T3 23E L Al
& #t ohz}, SLC ZEAS] F2A Q1 54 wie] virof
Y AF ARAF Edo] SLC Eafiet TA R v
Ho] Aol WEo] fid Aes AT & Al oI,

AME-SH
£0000° 9 84.4 kDa
15000 4 3.9 kDa
=}
= /
=
10000
5000 T T T [.
0 10 20 30 40

Time (min)

Fig. 2. Average molecular weight distribution of AME-CP and AME-SH.
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£ oA AMESHO| Stebe 48 Slsly] gis) AR
2 PG EHE S,

2. 87| 54 JSEsEe] THE U TANY £

AMESHO] 742 9 FAT AT Table 20] Lersych
AME-SHE 32 Z49(554%) 2 AGA28%).0.2 T4 o]
QAL T (04%), ET|(1.0%) D KDO-FAHZH(0.4%)
2 4% P9l AT Y AT e T4 A
o RN AMESHE thds7l E3e A2 Yehing, o
T4 BAL AAsterh. T4 BE A3, elucose(Gle; 1.00)
o} vl Y-S uf galactose(Gal; 1.76)7} 7 W2 H|SS *}A|5}
31, 0] Qo= galacturonic acid(GalA; 1.10), arabinose(Ara; 0.78),
rhamnose(Rha; 0.65), mannose(Man; 0.62) 2 glucuronic acid(GlcA;
0.34)= =] US= AT 4= ASUH o] Kim 5(2024)
o] AFolA 7] Zrhg FEL Glevt 83.1%2} Gal € GalA:
77} 32 9 7.1%S RHH Ao] W] AMESHE %8 TG
E Gal 9 GalAE F& FFste= 2S5 o glucan-typeo] AH
%8 thgRt 2a Ao o8 A TP BE 62
o] WstEglee & 4 etk Eak Li 5009)0] 2w, 7]
e oo A 94} SR ol dgucand] ALHQ] 7
Z5 7T BAsHgl=T, & Aol ma Ao o8 =

2 Glc o] A H HLS Ko}, g-amylase 2 amyloglucosidase

Table 2. Chemical properties and component sugar of
AME-SH

Chemical properties AME-SH
Neutral sugar (%) 55.4+3.5%)
Uronic acid (%) 42.8+1.8°

Protein (%) 0.440.1°
Polyphenol (%) 1.0+£0.0°
KDO-like materials (%) 0.4+0.1°
Monosaccharide Molar ratio
Mannose 0.62
Rhamnose 0.65
Glucuronic acid 0.34
Galacturonic acid 1.10
Glucose 1.00
Galactose 1.76
Xylose 0.12
Arabinose 0.78
Fucose 0.17

The results are presented as the meantstandard deviation (S.D.)

from three independent tests.

Y A superscript of the content value means a significant difference
at p<0.05.

rlo
2]
N
of,
2]

o)
)

o B3 {28 B9 SLCS] Hohrt AREOE WY Ao
Holth E3h GalA, Ara, Rha 2 GlcAQ] Z71= dHE A g9
rhamnogalacturonan(RG)-I, RG-II -2 homogalacturonan®] ZX]]
£ 4T 5 o H(Sheng 5 2021; Shin 5 2024), o}&-2] Gle}
Man+= hemicelluloseS] A& 24T 4= YA thH(Wang 5 2024).
5 Ao A= ion-exchange I size-exclusion chromatography
S0 AVESHZ 8 B4 BAE 225k o 24714
59 724 54 FHLA B,

o mfu

3. &Y 8 Jl-EdiEel EXlE AME X= &4

AME-SHO| ¥ 7|54 £ 2A 9] 7Hs/dS gelstart o]
Aol et 7] Zohg €& AME-CPS} AME-SHO| T A4 32
AT BE BluFo 2 B9 S o RE Felsiqich A
HA R, &5 AIAR 24E Froto] WY ¥He-S 28T
o AL & NO /52 B7Fet Z2HFig. 3A)(Tripathi &
2007), FANZFOE o8 LPSE | ug/mLo] oA NC
2108 uM) HH] 90.0 uM(eF 8.38 F7hHe] NO A4 5<
UERH o1, AME-CP7} 0.5~5 ng/mL9] %% W QloA 57.3~77.6
uM(eF 53~72d F7He ABAES EeQl ¥HH, AME-SH=
74.2~95.5 uM(F 6.9~8.88] Z7}9] AME-CPELH S-o]Hog =
ZE NO AB5S Uehilet E3L B Al 32o] 24-g-sto] |2
£ AEE frche 202 49l 169 -(Fig. 3B)
(Hirano T 2021), AME-SH: 0.5~5 ng/mL9] =% #9]o] 4 NC
R ] 24.9~28.4 ng/mL(%F 8.1~9.2H] Z7H9] IL-6 BA5
< Yeton, o3t Axt= AME-CPo|| ]3] =3t IL-6 A
e Hol= Ao F Yyerytth thA| 2O 2 natural killer A E
o] 715 T AlIZ Egd 9FS VA= IL-12 BP9 4+
(Fig. 3C)(Watford 5 2003), NC th£(7.0 pg/mL) ThH] 0.5~5 pg/
mLo] E% H Qo)A 262.9~1,184.3 pg/mL(F 20.1~90.78) Z7H
& AME-CPo|| H|3}| 55t IL-12 Fd5& Hol= 2= Us
Wt ol2|gt AatE FEotH, AME-CPo| §f-0] &2 SLC

AE B 848 AW AME-SHO| tiAAZ 2= &4 £71
M2 /dstol| 2A 7]ofstal QA b= SLCE A& &
A AR LA O BN AMECP 45 aftdos &
A52 FASFAT Lee & Jeon(2005)0f W= 237]
Z APS7} NF-kB/Rel2 &/d3}sto] A A| oA NO B45
FEST Y B E =, ol o] At 7] 2ud &
AME-CP 4} ofy2}, o] 5 a4 X2|§t AME-SH %3 G714
A Y A= 754 AAE B8 7 Aor wdEnh

g
> F

o o 4 @ lo
)
4
0,
‘o

)

4. 87| B4 JE5H20) Dj0|EH U ALIS7I0! MMs
o, B ATAE FRENE HeE AL olgdt
of AME-CPOIA §aEl T 14 RohEo] 27hA9l el 2
o ol 2.2 WHSIIA Soick UGS WO RN FUL
Ao T 9 B AIXS] 447 £ Jeln Bolt o] RolA]
%9 71O v AEL T B AR 5L AL} 2

fo rir 4>
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3
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=
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Fig. 3. Effects of AME-CP and AME-SH on macrophage-stimulating factors production. RAW 264.7 cells were treated
with AME-SH for 24 h, and then the production of nitric oxide (A), IL-6 (B), and IL-12 (C) was assessed. The results
are presented as the meantstandard deviation (S.D.) from three independent tests. Asterisks on the bars indicate significant

differences between the negative controls (NC) and each group, as determined by the Student’s #-test. Crosshatch patterns

indicate significant differences between samples at the same concentration.

“p<0.05, " Mp<0.01, " p<0.001. NC, negative

control; LPS, lipopolysaccharide (1 pg/mL); AME-CP, crude polysaccharide; AME-SH, enzymatic hydrolysate derived from

AME-CP; IL-6, interleukin-6; IL-12, interleukin-12.

ot AN E7E EA5) | 44 TS| At AER
Z8 AFRErthKang 5 2014). 12|28 AME-SHO| HY E4<S
ghelstr] sf vl Alz2o] mlo|EAl U IL-6 /352 245t
Atk Al ek Al T A ZEE A=5H= Con A2} B Al X5 A=
Sh= LPSE 217+ Agsto] M2 RIS S7HIA Alx &
g o 5E EgotA wastarat skl WA, mitogens A 25t
A %2 7--(Fig. 4A), NC 272} H| W 5ko] 5~10 pg/mLo] =
T HYo A 236.4-253.2%% 5-2]Z Q] mitogen TS E T
Mitogen© 2 Con AS A 2|3t 7J-2(Fig. 4B), NC 2 thH] 3
9]& 9] mitogen &/Jo] HOo|Z| LFA|TE, mitogen® 2 LPSE A
IS W(Fig. 40) 10 ng/mLe] FE=oA 155.7%= {93l
mitogen E4& HUTH 02 IL-69] B2 ERAFS 1
mitogenS AF=E35}A] FL AL (Fig. 4D), NC R F(27.5 pg/mL)
gH] 0.5~10 pgmle] % WA 501.5~1,287.6 pg/mL(F
18.2~46.84) Z7H9] L Z-9]EZQ] PSS HYT Con AR
A=23F A9-(Fig. 4E), NC tHR(541.4 pg/mL) thH] 1,904.9~
2,594.5 pg/mL(°F 3.5~4.8¥] S7H2] IL-6 B/d5= AL 5 3
Atk g, LPSE A3 W IL-69] B/452 NC 2
(1,135.2 pg/mL) tH] 5~10 pg/mLo] %% oAl 1,121.8~
2,025.4 pg/mL(2F 1~1.88) Z7hH9] FAHFS EHJrH(Fig 4F).
Shao S(2004)°]] 215} APS7} B A Z9} AN =S SA5lst
11”& T A= 2/43letA] gethal BaEgl=tl, AME-SH &

2t thAAE e} v W) B M 29] &43kE fEote 2o &
ouqmq E3F, AME-SHE T B Al £3H8 §Eok: B Al
23} QIA} IL-6(Maeda 5 2010)9] 2291 e Ho,
AME-SH7} B Al 229] mitogen® 24 Z-§-5h= 20 = Q1= Tt

5. &7| 24 JI-Eall22] Peyer's patch A5 AIO|E7}
ol MM U BHHE SA

A WolA 7P 2 "JIZXZQ GALT(gut-associated
lymphoid tissues)®] 24 5 5} Peyer's patch(PP)= S~
< B Az} g A4 A2 9 T AZE X3ete IER

ESotE By MEZZA  immunoglobulin A AJARE 9ISt
1nduct1ve site® 4 A cH(Yoon 5 2010; Suh 5 2013). $HH,
4L o] A3 Fhe LASHE 2Z o7 Al 9Fo] |
AN =7 Eolqlo]l HAolA A TS S5t X
71Folgtal B 1% H¥f Qltk(Zhao 5 2012). webA, AME-SHY]
B B43LE SRIs7] fl3f PP A ZEREH Z5A|E F
A QIAE S45HL PP A2 E ARt ITAIE FA5S &4
Skt PP A ZH|FH O 2 RE] ZAE FA QAL LA
9l IL-69 GM-CSFZ 243t A7} 1L-69] ATo] A =(Fig.
5A) FATEZQ] LPS7} 10 pg/mLo) lnlzoﬂxi 719 pg/mLE
NC tJ23603 pg/mL) thy] oF 1.28) 27151911, AME-SH=
100~100 pg/mLe] FX FHPolA] NC 2+ EHH] 74.9~259.5
pg/mL(%F 2.9~20.68 Z7hH2] IL-6 B35S HAT EI, =
Al a2 o] Iy} Ad<sof] ¥oiSh= ARR]E7FQIQ] GM-CSF 45
EF AR A UERTH(Fig. 5B)(Egea 5 2010). RHH, 4
Al S459 A9(Fig. 50, NC Hizz Blafls o
AME-SHE= 100~1,000 pg/mLe] 5= HY oA 108.4~295.6%2]
SEOEHY BRAE S5 FAT 5 AU Zho 5
(2011)°]l 9J5tH 7] F APSE A FAA Aol EFHRI
of 4E FERTH BUSIGT], AMESHE A2ig PP A
Evjorolol 4l BHAE SR04 L6 U GMCSFe] A4
oYz}, o] F F3fl TTAIE SAZHA] B/dSHAIA, AU | 7]
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Fig. 4. Immunostimulatory effects of AME-SH on splenocytes isolated from C3H/HeN mice. Splenocytes were treated with

AME-SH for 3 days, and mitogenic activity (A-C) and IL-6 production (D-F) were assessed. The results are presented as
the mean+standard deviation (S.D.) from three independent tests. Asterisks on the bars indicate significant differences between
the negative controls (NC) and each group, as determined by the Student’s t-test. ‘p<0.05, “p<0.01, *"p<0.001. NC, negative
control; LPS, lipopolysaccharide (1 pg/mL); Con A, concanavalin A (1 pg/mL); AME-SH, enzymatic hydrolysate derived

from AME-CP; IL-6, interleukin-6.

>
=
G

300 250
250 -
200
150

100

IL-6 production (pg/mL)
via Peyer's patch (%)

50 -

GM-CSF production (pg/mL)

Bone marrow cell proliferation

500 | 1000
AME-SH (pg/mL)

Control

AME-SH (ug/mL)

Control Control

AME-SH (ug/mL)

Fig. 5. Effects of AME-SH on intestinal immune system-stimulation via Peyer’s patch. Peyer's patch (PP) cells were treated
with AME-SH for 6 days. IL-6 (A) and GM-CSF (B) production from PP cells, as well as bone marrow cell proliferation
via PP (C), were assessed. The results are presented as the meantstandard deviation (S.D.) from three independent tests.
Asterisks on the bars indicate significant differences between the negative controls (NC) and each group, as determined by
the Student’s r-test. "p<0.05, “p<0.01, ""p<0.001. NC, negative control; LPS, lipopolysaccharide (10 pg/mL); AME-SH,
enzymatic hydrolysate derived from AME-CP; IL-6, interleukin-6; GM-CSF, granulocyte-macrophage colony-stimulating
factor.
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o] ALoNA &7\ (Astragalus membranaceus; AM)S] B
SE(AME)ERE dAARZ A= B4S 7= 2 (AME-
CPyZ EE5H3itt. AME-CPO| 8 T4 T2 glucose (Glo)E 9t
otat Qlo], A& f-AF SkglhE(starch-like compounds; SLC)°| &
3t Ao gl webA, FEstH o= HZgEH
SLCE A7 5to] AME-CPO] WY = &5 FA1717] {Ish
a-amylase 2! amyloglucosidaseS Z g3 A& e G455 A&
ato] G4 MR E(AME-SHYS 245191t AME- SHY| &
A5 BEX = 39-84.4 kDa@ O 5= galactose, galacturonic acid,
Glc, arabinose, rhamnose 2 mannose2 A =0 919t AME-
SH= AME-CPof| H]3]] RAW 264.7 A|Zo]|A] NO, IL-6 ¥ IL-12&
Ege AR AT Qxe] AAS 2 BN E,
CIHVHEN B19- 22 2e] 223t v g4 o] AMESHE A2t
%e 1] 1L62] Hu]7} S Bk opfz, vo|=al BAE ¢
L5134t} AME-SH= Peyer’s patch(PP) A|ZojA IL-6 2 GM-
CSFE Eget 28 4% QA0 RIS Sa3 PP AES B
B BHAE 54 AFelsic 2EHOR, B B Haw
AME-CPE 715B5f5 B4 71525182 AME-SHE 2414
?l ¥ A=AE A= QAT

ZHAle| 2

BT 204dE B350 fUo AFATAG] Y
2 wo} 53 A3} I A4 AL Q] Ay
U h2021RIS-001; T2 E ).
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