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ABSTRACT

Background: In recent years, adjuvants have received increasing attention owing to the development of purified subunit and syn-
thetic vaccines which are poor immunogens and require additional adjuvants to evoke an immune response. Therefore, immuno-
logic adjuvants have been developed and tested. Plant polysaccharides have been recognized as effective biological response
modifiers with low toxicity.

Methods and Results: In this study, the polysaccharide from the aboveground part of Astragalus membranaceus Bunge containing
immunomodulating arabino-3,6-galactan was evaluated for its hemolytic activity and adjuvant potential in the specific cellular and
humoral immune responses to ovalbumin. The polysaccharide from the aboveground part of Astragalus membranaceus Bunge was
co-immunized with the purified Vi capsular polysaccharide of Salmonella typhi vaccine in mice. The polysaccharide from the
aboveground part of Astragalus membranaceus Bunge did not induce any hemolytic activity or side effects at doses up to 500 zg/me.
The concanavalin A-, lipopolysaccharide-, and ovalbumin-induced splenocyte proliferation and serum ovalbumin-specific IgG, IgG1
and IgG2b antibody titers in immunized mice were significantly enhanced by AMA. Pharmacological data revealed that the polysac-
charide from the aboveground part of Astragalus membranaceus Bunge increased antigen-specific antibody levels in immunized mice.
The polysaccharide from the aboveground part of Astragalus membranaceus Bunge-adjuvanted purified Vi capsular polysaccharide of
Salmonella typhi vaccine improved the proliferation of splenocytes and macrophages as well as stimulated cytokine production.
Conclusions: These results suggest that the polysaccharide from the aboveground part of Astragalus membranaceus Bunge-adju-
vanted vaccines enhanced humoral and cellular immunity and that the polysaccharide from the aboveground part of Astragalus
membranaceus Bunge is a safe and efficacious adjuvant candidate suitable for use in prophylactic and therapeutic vaccines.
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[eJe]

AE HE&FAFewA MAl gele] HgNRE-S
7REsRetaL 4717 fAIAAT] AEER] WY
4= AT} (Storni et al., 2005). WAIEZA] (adjuvant)
28 WAl HE Al BERAE EF Al w9y
T3 4P RS0k b e, WAl Fof tiE,
2, 289 7FsAS Akl AF717ke] il QPgstn A
AL 7F 7Fsstes stodof st ALTE AHah A
B HANRS-S H 48} sV sk L Ae-S £X
&|oF 3t} (Edelman, 1980).

TES WARZA L WA AFHOR AMEENOY A
of T AA7E ©R] FANHERS FHA )= G
EABAY AT B8-S vERlo] AAl ddele ARg-st
A E3lal Yk (Aucouturier et al, 2001). WARZA] F

FIA]

o
Llas

=
Freund's complete adjuvant= 7Fg 7388 A2 wial Bz
BHE /AL o MEAR WY AAA WY BiFA
A&HHow HARZS fFEste 202 o4 Jou
(Freund et al., 1937) JA7FNA AR )0l AUAA =2
=93 B8-S UERITE A HEAR ARSE oA 3L
UE Quillaja saponaria®l A EFZ QuiA}t o7]olA]
45 EeE ARl QS-212 IL-2¢} IFNwE f%=3sla
1gG2a o}@ ] A AAES st s Alx54 T™H =
(cytolytic T lymphocyte, CTL) f=5S A'HoZM HIV-1,
cytomegalovirus®} Toxoplasma gondii®] 3212l WAl B Z
A2 AREEA L 9t} (Kensil and Kammer, 1998; Skene
and Sutton, 2006). AT QS-21S F-Hdhs WAIS HEw
< FEA ARSI B Astadrt @Iz dof
u Bk SEA] ¢ hemolytic effectZ| UERZl] wel HIV
viruse} 4 > S sk AW ol9ld] 7S i
o7 sk WAEZEAS ARgo] AEL Ut (Janeway,
1992). W|= FDA®] °J3l| FdatAl 17ke] MAHZA R 37}
ol S YFHEHES T2 AlOH); AIPO, FEIZ
AREE = dubd o2 whild 3r S S3bste] HRs] WE
Fo A HAFAaHNE Yeplle AR AZtE defR]
AREAE e AR FAHEL Jon &
vz A dd HYRES2 TFEA s AlEA
79 F5=3A] 31 (HogenEsch, 2002), Al EZ5
THIX (cytolytic T lymphocyte, CTL)] #3}9} &4
sl Aslistar 5 ol et dFNkeS frieske TR
o] T} (Schirmbeck et al., 1994).
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AA W EHAl, AEA 9 el 2 9 ddshe
biological response modifier (BRM)ZA] 288 = 2t}

(Schepetkin and Quinn, 2006).
A2 e ATl AQA BAske AL AT |

T W
o33} Aoy Wl mFo gz Ao thet Wl uxEz

= vehfo] WAlol] tigr BxAe] Aol Qo] 7]Ee] YT
HEES A F de A7 2 5 o] IR Aok
(Kong et al., 2004; da Silva et al., 2009). 53] 2% %
el e WARZARA A2 | Bk ozt
Ad AL s F= 7 dom Wopd 2 Az

[
A

golio] grxo] Hw A Z71e] Q825 35 7
sto] okt Zhstel] thak wialel] sFHSIEkA ARgo] Thssith
7HAIZL AT} (Petrovsky, 2006).

3] (Astragalus membranaceus Bungeq= F-I ol &3l=
A ZEo® Bl AJofo R o|8efaL 9lom o]59] of
24 AE-S saponin} polysaccharide$! o2 deiA]
. o]5¢] Helole HYxH EA4S 71X astragalosides 1-
V, isoastragalosides -V % soyasaponin®} 72 B2 <
triterpene saponin®] EFTF 1A U= FHOZ BHIFI O

|
1—11
ot

AR PA—

(Yesilada et al., 2005) ©1E& 7)o Z3=AZ Alxzdo]
micell A ovalbumin®] FE%+ IgGl3} 1gG2b HIWHS-S
A7l BARZEAE IRISIIAL (Yang er al., 2005)
gollA &Y (newcastle disease) WA12] A UFS-S A}
AN7E Aol ®BiE nl Ut} (Kong et al, 2004). E3k
Yoshida & (1997)2 #7]¢] & FZEo°] C3H/HeN mice2]
)M EZA] IL-69F TNF A2ke Z7HAIZITAL HATsky] om
Sun 5 (1996) 7ol E3}=]oix] AlZde] ConAZ E4d3}

E T lymphocytesoll A Ca?*o] o] ZF7MA1Z 4= Utk B

gomK 97] Ashel 4Rl WelHE Py Bad
cytokine A4 %71 412 4 Sl 2L A3,

7] AeF-25E Ee]=oX polysaccharide astragalactan
© 2 macrophage?] 715 €443} (Lee and Jeon, 2005), tumor
necrosis factor®] 2§k lymphokine activated killerS =91 <]
3l 3t8H (Cho and Leung, 2007a), WYz 2 HAH
3l &0 thet THE R =)z F3 fraction®] S
ZAgIY §%& UEPES RIS (Cho and Leung,
2007b).

ATHORE oFgOoR ARGH | 97]¢] A Rk op
2t AP ofg]d J5e] e Aol YFEA e ¥
o] o] 7448k micedl|A] 7] Aol EFE o7 Zabe
o]= A¥o] LAK (lymphokine activated killer) 322 &
AE FHAZIAL T celts &43l8te] WosS S7RAIThaL
3190 (Jiao et al., 1999). FE=3F 87]2] A= A3
Hr} flavonoid’l B & 7502 YeRdthy HaE Qith
(Kim et al., 2012).
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Fig. 1. Polysaccharide fraction purified from the aboveground parts of Astragalus membranaceus
(AMA) containing gut mucosal immune active arabino 3,6-galactans molecule, AMA-1-b-PS2

(Lim et al., 2016).

T ATolA 7] NG oA
(AMA) Azl oJet 3 Peyer’s patchEs W72 sl 24
AE F2] ofE} o]E°] #H|sk= cytokineo] %
FEgths A2 (Choi er al., 2014) &
7] APFE- ThgAelA EElgk g 24 oAl AMA-1-
b-PS27} 345,000 Da®] ¥A}S 7EAIM 3-linked galactose
729} 3,6 branch galactose®] T T+27F wEH o7 EX|
3} galactose’} &3t oligosaccharide”’t A =00l U&=
arabino-3,6-galactan Y2 A% ¥} At} (Lim et al., 2016).
H WAle] &% g ggo] A Ashlrt Az ow
AREEE Zlo] o} ¢k A d st ke x| Aet
o2 WAL Qo] WAl sEe] FaAdo] EolR|AL AL o]
o we}l adjuvant®] 7Hgel] gk Yo% Eopx|iL Qith w
A & Aox] HYFTIEY w3 AGEREA|R Bkgo] =
& 7] A oA A RAEA 9 AR Z g S e
Es AOR o 5Eo] ovalumindl €34 HYF=E
ICR miceollA] 871¢] AgH-e] G FE2=27E 3 o
A o] AR EaAE AL ICR mices HEC=
FE]Z 2o 3t typhoid vaccine (purified Vi capsular
polysaccharide of Salmonella typhiyS 2-83}3 7] A5
gAE HE Ao E MARzaAE FA I
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1. 2SS
6% 47 ICR AFE o who]2 = (Dachan

Biolink Co., Ltd., Eumseong, Korea)ollA] 2013d 6¥ 49
Arotel SPF Adlg=du ARl 25 23£37C, 3
FE 50+20%5 FAIst] AHs W AlolE AlZHollA] AL

S35 Ao AT, FRAPE AREE BATEL
Faglon diEddsn S2Aganslasel $91e

Hhol 285t (5213 13-CRO-001).

2. Aot
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide
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(MTT), Griess reagent, RBC lysing buffer, concanavalin A
(ConA), lipopolysaccharide (LPS), RPMI1640 H]X], Hank’s
(HBSS), rabbit IeG
peroxidase conjugate= A]ZLP}A} (Sigma-Aldrich Co., St
Louis, MO, USA)ollA FY3te] ALE-31 2™ goat anti-
mouse IgG1, 1gG2a, 1gG2b peroxidase conjugates= Southern
Biotechnology AssociatesA} (Birmingham, AL, USA)°llA],
cytokine (IL-4, IFN-y, TNF-a, total IgG) detecting ELISA
kits= R&D Systems (Minneapolis, MN, USA)A -3}
ARSI AL fetal bovine serum (FBS), phophate buffer salin
(PBS), penicillin, streptomycin, Dulbecco’s modified Eagle's
medium (DMEM)< Gibco BRLA} (Grand Island, NY,
USAYIA 45t ARS8t QuilA (Superfos Biosector,
Vedbaek, Denmark), alhydrogel adjuvant 2% (Alum,
InvivoGen, San Diego, CA, USAYS #ialnz &4 ozt
2 38 FEE2 oAl typhoid vaccine (purified Vi
capsular polysaccharide of Salmonella typhi, Zerotyph in;.,
Boryung biopharma Co., Ltd., Seoul, Koreay& AR&-sto] ul
AR ZEINE A

balanced salt solution anti-mouse

3. | ANS$F=2E UZAQ Hx
971 (dstragalus membranaceus Bunge) A5
A71EAE 227300 Aul =] o] 394 T8
= AF sl ARgSIROe™ (2012, 7. 23) tHE
ato] A kgl thall 200 919 S/FE
FESL FEAE Fele] oA B 2R
59 ollee-S Hrate] A7

ol
AT

al

FYE3IUT (AMA, 1942 g, T8 1.942%).

A thdAloll= QAE-Sepharose FF (HCO;, Pharma-
cia, Uppsala, Sweden) column®] ammonium bicarbonate
(NHHCO;) 898 s §3AA 4 iy o] g
S THA] Sephacryl S-200 (1.7 x 82 cm, Pharmacia, Uppsala,
Sweden)ell] gel filtration chromatographyS 3j3to] A&
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A 24 ohdd AMA-1-b-PS27F 0.13% 02 g0
A Q2™ (Choi et al., 2014) AMA-1-b-PS2:= arabino-3,6-
galactan¥} oligosaccharide”} E-¢4 02 4% thgA= &
1=t} (Lim er al., 2016).

4. 2| X2 Tr2AIQ] hemolytic activity 5

7] AdE tFAl2] hemolytic activity 82 E7]
(Newzealand rabbit, Daehan Biolink Co., Ltd., Eumseong,
Korea)>. ZF-E| BD Vacutainer™ (NH 143 1. U., Belliver
Industrial Estate, Plymouth, England)E ©|-&3le] S x|
F3ted ARgslltt. € 7ml S saline solution (0.89% w/v
NaCl, pyrogen free)> 2 A&]3}2 ¥41E2] (180 x g, 5min)
3] saline solution®] 0.5%7} EI=%- cell suspension pellet
< AZSIAL cell suspension pellet 0.5 mé ol 37] X745 o}
A solution Z} 0.5mé (5, 10, 25, 50, 100, 250, 500,
1,000 g/mlys 7F8al 37CelA] 3087+ WHe- & 5 ThA] 4
2] (70 x g, 10 min)3}al 35BS 33} free hemoglobulin
o] %S UV-VIS spectrophotometer (412 nm, UV-1650,
Shimadzu, Kyoto, Japan)E ©]-&3le] AASIAH. =12
saline solution # 4> hemolytic control® ARSI HdES
Z| hemolytic controlZ AFE-3}] saline controlel] thgh z}
Z2]2] hemolytic ¥l &S AlXFSIATH
5. 2| Xl Tl o AHA

D AYEkS =

Ak 6782 ICR miceE 8-O.F PFil 7}
2 sukE]l2 skt 7 £ OVA  (ovalbumin)
100 pg/ml =, OVA 100 wg/mé + aluminum hydroxide gel
(Alum, 200/g), OVA 100ugml +QuilA (10, 20 xg),
100 pg/ml 2] OVA} 37] A2 o}dAl] solution (50, 100,
200 pg/mb)e] &AM E o] AR 193k} 159}
28] HIIHS-S {3 Saline THE T A% AdF
B8 xTE ARSIlen ZF AEFox dnke e
25 %o WEstA L 25 %9 splenocyte proliferation 2

ovalbumin £3] 3A|S =43}

0§OI=T}
oo

O -1
.

2) HIZAE S HXe a3

7} Aol Xe] WY F=¥ miceE UPFSZ splenocyte
proliferation 742 Jeloll A HBSSE H71sled Helf=
H mice] AL HEI|AL steel meshE FHA|AH o2 3sHE
AZ suspensions AL o719 TRA] ammonium chloride
(0.8%, wV)E *2]3l4] erythrocyteS H3IAIZTE Aozl Al
HHES Y45 (380x g 4C, 10 min)3tdaZ FAE pellet
S PBSZ 33] MZ 3} complete medium {RPMI1640 Blj#]

o 12mM HEPES (pH 7.1), 0.05mM 2-mercaptoethanol,

=]
T

41

al
=

TNEES

ot

100 IU/mf penicillin, 100 g/mé streptomycin, 10% FBS}ol Al
Agsisit.
HE

T ARE
hemocytometer® =7 5}$1 3L splenocyte proliferation

2 o] g-5to]
=qe

trypan blue dye exclusion'<

splenocyteS 96 well flat bottom microtiter plate2] 4-5 71<]
wellol] Z718]%F31aL THA] 100 4 complete mediumellA] Al 25~
7F 5% 10° cell/wel7FA] 8]t} ConA (final concentration
5pgml), LPS (final concentration 10 xg/ml), OVA (final
concentration 10 xg/ml)S viR|ol 718t #HF H3]7F 200 L
7} H=5 ZASIAh Plaes T 37CHIAM 5% CO, 272
2 gL 68A17F Foll 50 42] MTT solutionS (2 mg/m)
2719] welll A7F51e A3 ] 7 wellel 200 4]
DMSO working solution (192 4 DMSO+8 1 1N HCI)
2 H7}sta. ELISA reader (VICTOR™X3, PerkinElmer,

=
ST E =X
v o= 5 éol'

Waltham, MA, USA)E ©]-8-3}4 570 nm of|A]

G dojR FFEE 0|83l stimulation idex (SHE AHE
Bl

I = Absorbance of mitogen culture
Absorbance of non-stimulated culture

3) OVA-specific antibody ¥H3-0] ®]X|= &3}

OVA-specific serum antibody response 7 (IgG IgGl,
IgG2b antibody levelsy> FHl|A]2] rabbit anti-mouse IgG
peroxidase conjugate®} goat anti-mouse IgGl and IgG2b
peroxidase conjugates ©]-8-3tal 7H42] ELISA #41S 3
ste] A8

Wellell 100 £ 2] OVA solution (50 pg/mé IgG 25 rg/md
IgG1, 50 wg/ml 1gG2b antibodies, 50 mM carbonate-bicarbonate
buffer, pH 9.6)°] ZEE microtiter plateS 4CollA 2447k
B3 & 7} well2 0.05% (v/v) Tween 20°] H7Fe PBS
2 33] AIF3IAL 5% FBS/PBSZE o]g-3led 37CoIA 147}
&<t blocking AlFATE A& 3o 100 £ 2] 3]4E serum
sample == controll 0.5% FBS/PBSE wellol] 713 &
plates THA] 37CollA] 1A7F S widstar ohA] 33] A3t
Atk 1gG IgGl H 1gG2bell thgk horseradish peroxidase-
conjugated antibodyZ wellol] 715kl 37ColA 1417 B0t
w3l MA o) peroxidase activityS =79 3153t}

Peroxidase activityx= 100 1L 2] substrate solution (25 m{
9] 0.1M citrate-phosphate buffer, pH 5.0°] 10mg O-
phenylenediamine} 37.5 14 2] 30% H,0,& H7HS ZF well
H7V8IAL plateE THAl 37ColA 1087 widsia oA 2
well B 2N H,S0.5 5045 78l whe-& 83 &
ELISA reader (VICTOR™X3, PerkinElmer, Waltham, MA,
USAYS ©l&ate] 490 nmollA FF =8 FAsto] A=l
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6. “;él’jl II’&"‘?— EI'I(:)I-i'“-QI U_l'!/d —%—I“-s—l' (adJuVant) ial-g ju:-jlgl 01]}\‘1 5% COz’ 37°Ci HH 001:81'1 48/\12_]_' ‘:I'ET‘oﬂ %g%
1) 943} 7] AFR OFA ] WEAE T AN (1,000 x g, 10min)3}al FFNE ThOZ ELISA kits o€

free Slo] 1PNy 2 1L49] 558 293200,

FE]Z 20 ek typhoid vaccine (purified Vi capsular
polysaccharide of Salmonella typhiye « AA|7} obd &
Fgo| AAst= Vi LS ATER GA|Ete] A==
polysaccharide BAI© 2 F2Rgo] 23 G 13]¢] HFO2 3}
A7F A&8] A= FA7E A7NH o2 A&E e FEEZA
of i 4lo] T,

TERDS ol&slo] 7] A tEAIE WAl e A
glate] MANkES Festal 7] AT ohAe] HAE
S5= Brhlth 6789 2l ICR AFE 157 &8
AR TR B )9 o2 Lol PBSHE Fold AR
T (saling), WAITE TEO0 2 Fofsl OIZ2T (Vac), WAl 3

@AS] FERE 7] AT HAE T T g+ (Vac
+AMA) B Al WA R A FA T
hydroxide gelS ¥ Fogh
Aol AR
WAL whe-t g wlEG 5z 08, 7] A ORAl=
Z}z} 50, 100, 200 /g, Alume 200 gS 19 (A
), 159 (FHA Tl 23] 57 Fofste] A A
o thEwE FUFe] PBSE Fosisitt. A
1547 8717+ A%l & booster &=
Ytk F WA T 27 Fol] w29
°F 3ml & AF 3t SSTHREC] 2o 15

3
to S 4 F -70Col HaAspHA Al

ZE3 aluminium

= (Vac+ Alum)©. 2 Ea]3le]

U

%

4o 4y I
1 9 o

K
o
=8

o

o
T

2 o X
N
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dr X
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=
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2) 945 B2 AR gAY FeA A AT 3
Aol HlxE 9

WA 7] A Ao BeAlgE Fal Huksol

FEE miceE 3Aste] HIAAEE #E2]SFaL RBC lysing
buffer® HB7E #|A 3139t} LPSY ConAS A2|sHA] &L

complete medium T+ 7tk FA 2] (RPMI1640)2} ConA
(final concentration 5 ug/ml) 2 LPS (final concentration
10 pg/mlys Agete] HPAIE 218 FEatieh. Al 29
g 2 A SAE AR 7] A ohdAle] Aes
D AAAM 9} FLe e R Xgeiiom 7 Aeet
o} MTT assay ©]% ELISA readers ©]-8-3l] 570 nm oj|A]
TEEE ST 4HE vlasiith

3) YA 7] AP AL BT Al HIFAI XA €]
IFN-y 2 L4 &34
AAREgo] Fr® 22 HE #EE splenocyte

(5 x 10%cell/well)S ConA (4 pg/mb)7F H71E 24 well plate

412

4) WA 7] AR A ¥-EAe el e antigen
specific antibody &%

23] (199 15¢) 57 Fofste] A S F=sh vk
5 ez dAe AFsF L ANA] antigen specific
IgG antibody response 73°d-2 enzyme linked immunosorbent
assay (ELISAYE ©]-&-3}3ith.

Well F 02 g (2.0 zg/ml, 0.1 ml/well in 50mM carbonate-
bicarbonate buffer, pH 9.6)¢] antigen®] ZE=Ho] &
microtiter plateS 4CollA 2427+ B8 3 7} well 0.1%
(v/v) Tween 20°] H7}9 PBSE 33 M &3 3L 5% FBS/
PBSZ ©]&-3lo 37Ce|A 1A} 3T blocking AIZATE. A&
Sl 5% FBS/PBS 100 42 3]AE FAAFE welll] F7}
3 & plates THA] 37CelA 1AZF E9F wget $ thA] 3
3] M3 1710002 8]A41E peroxidase conjugate®} goat
anti-mouse I1gG 100 L & 71l 1A1ZF Zofl ZF well G
100 /£ 9] tetramethyl benzidine (TMB) substrate solution
(02mg/mé TMB, 50 14 30% H,O,, 10mé 0.1mol/ £ citrate,
0.2mol/ £ phosphate buffer, pH=52y2 Z7I3t2L THA] A
oA oF 1027k wigstal 50 1 2mol/ £ 2] H,SO& F7Fsted
k-2 43Tt S8 (optical density)S ELISA reader
(VICTOR™X3, PerkinElmer, Waltham, MA, USA)S ©]|-&-3}

o] 450 nm oA 48T
7. 2| A1k O X2t tHAMIZZ B4, nitric oxide
U TNF-o 20| OIXl= At

Murine macrophage cell (RAW 264.7)°l tigt 37] x4
F OAE ATl MTT assays AAJste] A2 &3}
=5 Y|3}aL cytokininel! TNF-o A3A4tel] wX= P
ZAYald ek, thA] M £ mouse macrophage 72| W A E
RAW 26474125 AH&sIlem, 2-39 vt AltiE AAs)

901 5% dimethylsulfoxide (DMSO)S E&3F o] 3]
A AR AZE 5§ vl ol AAF Lo Basiith
HJ9kS RAW 264.7 A|EZ 10% FBS, 100 U/md penicillin,
100 1g/ml streptomycing $H-frsk= DMEMO A 5% CO,,
37CE wjoksisioh.

HE F2E 23S RAW 264.7 AlIEZ 96 well platecl A
2¥2F 2 x 107 cells/well2 B8} 317 AR oA E ok

7}
3 B (50, 100, 200 pg/m)Z saline & 3]A3le] H7} &}
3L 5% CO,, 37CE vt AlFHER Hz2] 24A7F o] F

MTT assays AAIet] 570 m oA FF=E S7g3te] T2

AE SHES ARSI Wi S S slo] Griess
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=
F= TEE

reagent= nitric oxide2] =439 TNF-0.2]

ELISAH S 2 24315

8. SAIx2
RE ARAAEL FaA ¢
o 7F AdL 7k EA|5HE

<)

EFHA} (means = SD)E UE}
2] EAL statistical analysis
Inc.,, Cary, NC, USA)<
analysis of variance (ANOVA)<}
F24S p<0.05 p< 001, p

3
system (SAS v9.2, SAS Institute
o] &3ty One-way
Student's rtestg AAITH F

< 0.0019] FEoll A ZHz AF3dT
Zo o oz

1. 20| K tiZAIC] hemolytic acitivity 52
E7] AT Ao et 87| (dstragalus membranaceus
Bunge) Ad5F2] tfda] (AMA)2] hemolytic activityS =4

(_.Js-l H X-I)

3 A3, Bw 500 ugml HZ)OA S 0.01%2] 9S LERY
JIL 2 o8k FE (25-250 zgml)ol M hemolytic

activityS LFERNA] 24T} (Table 1). WP U3 Z7olM A
Hbxo = Al BeAE ARSIl 1= QuilA®] -5 HDs®l
el oF 18.56+0.26 ug/ml & YER} #=& hemolytic activity
£ UERIITH (& PIAIA)).

F7] A A S AAs] fls) S 55779
C3HMHe?] &4#A w25 oz 15 13 25714
5,000 mg/kg/days == H7F U} A AT s & 144 5
& B At DI T AL AEEE A
Aston) 7] AR F2E Folol og =44 5ol
QAT JepR] it @& mlAlA). o3 A 3
AR ERE FaE e 84 gl welaT F

E RPN PR

o] EAAIE (Choi et al., 2014), GAA| o)A
HAE EFEARe] 54 AE 59 54 AE (Park e
al., 2014), 90 WHEATRS 54 AlgelA 54 VERA
At Bl FALSISITE (Park ef al., 2013).

A ES T fgste] ZleAoR ZlHo| o3|
71zl 3kl disf Aeks] gkle 4= Stk siteks i
WAL A5 AGEE-S A5 7 e BEAY] 9T
He® 3 (Bar e al, 2006) THA AR ZA =
sl A A\l 2 A EZA He wheS A
of slAME ek ot E FER =4
Sithal gk} (Marciani, 2003).

Quil21& qullaic acidell &+ 7]2] A& trisaccharide?} 3t
7Nl B]EAE tetrasaccharide’t F-2H=o] UL dimer FENS]
fatty acyl group®] tetrasaccharide®] 3 WA ol ester A%
S 3L e Fejolw of7]e) EA|SH= fatty acids”} saponin

I+ ABAE] cholesterol Atole] BRe/3E wolal Atabe] &4

H, 71 5
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Table 1. Hemolytic activities of polysaccharides from aboveground
parts of Astragalus membranaceus.

Group Absorbance Hemolytoic percent
value (%)
Distilled water 1.747 £ 0.036 100.00 + 2.35%*
Saline 0.094 + 0.002 0.00 £ 0.11
500 0.099 £ 0.005 0.01 £ 0.02*
250 0.087 £ 0.004 -0.06 £0.20
125 0.086 + 0.001 -0.13 £0.10
AMA 50 0.083 + 0.003 -0.13 £ 0.09
(1g/me) 25 0.086 = 0.005 -0.19 £ 0.10
12.5 0.083 £ 0.006 -0.30 £0.10
5 0.084 £ 0.002 -0.25 £0.08
2.5 0.079 £ 0.004 -0.58 +£0.22

Hemolytic percents of saline and distilled water were included as
minimal and maximal hemolytic controls. Mean values + SD from
triplicate separated experiments are shown. Significant differences
with saline group were designated as *p < 0.05 and **p < 0.001.

[e]

=

o} (

1H5lod hemolysisE Yo7 5445 ettt B33
acobsen et al., 1996).

Ll 5"7] ZPFie] hdAle HARZAR AME F US
Axe] 22 hemolytic activitys YEM Y= o2 ©
7] Z]/EH‘? A 7T galactosyl residue®} arabinosyl residue
7} F58H EAISH= arabinogalactan Alge] thFAIZ 43
Ho] Atk B3§ A (Choi ef al, 2014)Sh TEA
(Tinospora cordifolia) 258 2] ¥ arabinogalactan®] %]

23k
s

(rat) HZZ A HE iR ke @ISt diste] YA
9ke- Hosh 4= QJtfal B3 (Subramanian et al., 2002)%+
AFE Tt 7] AT oA e AAEA AE

st R 4 S AW A B
o AL WMol 5 glo] H4ol gle] s AL

i O
89 5 9 WAREAR A2},

1

2. 2| K% TiEAe] HAsy ad HA
37] A opgAle] AlEA HukE (cellular immune
respone) ARE Hr1sl7] $18] OVA (ovalbumin)® 2 M -f-
=% miceE O E 3} mitogen (ConA; concanavalin A,
LPS; lipopolysaccharide)} OVA®l 2|3l A}=%]= splenocyte®]
Z=2o] Jeke H)H= 7] AAE T gake A4 4
I} OVA/AMA (50 1002)2 WS F5=3 Az OVA/QuilA
(10, 20 )2 WS F=3F o] mitogen (ConALt LPS)Z
OVAd 2J3)] A== oJR]= splenocyte 52 A7 OVA &5
© 2 HAFESIAL mitogenst OVAZE A=H splenocyte 52
ArEth =4 JERNT (Fig. 2).
OVAZ WY FE3F micedl|A] OVAS )3l A== oiA]=
37] AR oA OVA/AMA 100 1,

splenocyte®] 42
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Simulation index (SI)

Saline OVA Alum QuilA (10#9) QuilA (20#9) AMA(50#9) AMA(10029) AMA (20029)

Fig. 2. Effect of polysaccharides from abovelground parts of Astragalus membranaceus (AMA)
on mitogen- and OVA-stimulated splenocyte proliferation in vivo. Groups of five male
ICR mice were immunized with OVA 100 g alone or with OVA 100 yg dissolved in saline
containing Alum (200 ¢g), QuilA (10 and 20 ug) or AMA (10, 20, 50, 100 or 200 £g) on daz
1 and 15. Splenocytes were prepared 2 weeks after the last immunization and cultured wit|
ConA, LPS, or OVA or RPMI1640 for 72 h. Splenocyte proliferation was measured by the
MTT method as described in the text, and shown as a stimulation index. Mean values + SD
from triplicate separated experiments are shown. Significant differences with OVA groups
were designated as *p < 0.05, **p < 0.01 and ***p < 0.001.

mlgG wIgGl mIgG2b

OVA-specific antibody titiers (log2)

ovA Alum QuilA (10#2)  QuilA (20pg)  AMA(S0#g)  AMA(100#g)  AMA (2004a)

X
ae
w

. Effect of polysaccharides from aboveground parts of Astragalus membranaceus (AMA)
on OVA-specific IgG, 1gG1 and 1gG2b antibody. Groups of five male ICR mice were
immunized with OVA 100 g alone or with OVA 100 yg dissolved in saline containing
Alum (200 £g), QuilA (10 and 20 zg) or AMS (50, 100 or 200 xg) on day 1 and 15. Sera
were collected 2 weeks after the last immunization. OVA-specific 1gG, 1gG1 and 1gG2b
antibodies in the sera were measured by an indirect ELISA as described in the text. Mean
values = SD from triplicate separated experiments are shown. Significant differences with
OVA groups were designated as +p <0.05,**p <0.01 and ***p <0.001; those with OVA/
Alum groups as *p <0.05 and #**p <0.01.

OVA/QuilA 10 /2] Hzlellx HaslA S71e v OVA & 2} OVAR WY F53 mice2] A IM2] 1gG & 1gGl &
Holtb OVA/AlumS 2 HY fE3 Aox= HEg zpolE Al 52 Alum, QuilAE 10 g 7} 20 g TT02 AElete
g AFE St 7] A A SRR 7] AR TS 100 g 7 200 12 S

&
5 o= OVAR WY F¥ miceollH FAFoz THE  AHZeke A$ Ul (OVA ©5) Hu 52

2 BAlEe] 4SS
MicedllA] OVAol th
oA o] A W

J

oo ol

¢

specific 1gG, 1gG1, IgG2b AA|e] <75 ELISAZ 7RS4 AE HARZEWt I5HE F des 2RI
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TTOE F
3| SUAZ F USRI 7hetdth 1gG % 1gGl 28 A 0] Alum, QuilA
ARRe] fEell o] 7] A (10 g, 20 2)E AISE 7392 7] A oFAl (100 1,
b = (humoral immune response) 200 #g)E 2|t Ao FARE FEoE WHHonZ &
TS AAsP] 8] AE HAWks 2F T Ao OVA 7] A ThA2] Aol QsiAE Alum, QuilAd] Aol
1519t} (Fig. 3).
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IgG2b FAe] FEAME 7] AZF v=—A (50 1,
100 gyt QuilAZ WY F=3F mice HE]do] iz Hu}
FS FEoE AAEARE g FRIsHeH olgjg Ax
= Alumg AT LR =22 FES e T3
IgG2b Ao & B7] AFHF oA = A9t
QullA A2l 7kl ztol7h UL Alums A3 37 OVA
SEA P Afoldl] & ApolE YERA] 9kt ofl’t Azt

Sl M-S fol o} 1gG 2 1gGl 2 | =
5017] AR oA QuilA°ﬂ o3l FdiEold 4
1% whA Alum®] 739 A THS
& o U (Fig. 3)

3 As Bl 7] AR OPAlE OVAR WY
F=E miceollX 9] A FAS HE3] F7RL
S WMo nxasbl Ak 2eskel W71 AP

FEOAA IgGl, 1gG2b FA 0] 5

o4 3l& Thl ¥ Th2 HA £
Ho ey,

) Sk 5 Tl Nz The
RHEAZA ZAEQAL BREARM ] 84 =5
oAU Mol B, Az o+, B¢,
e}/gol ofsf A °“W—E SUAEAAY H&HA
(Aguilar and Rodrlguez 2007).

ol Aol HFE (Achyranthes bidentata) Y], EAIZ
(Bupleurum chinense), 7J % (Glycyrrhiza uralensis), =4 {14t

)

[e)
=
o
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N

J

olo.
AT

s7Hle 23E

_1

2 Aol o

=

B 12

l

XE
ﬂ 4y 2>

2319

(Panax notoginseng), = (Gynostemma pentaphyllum), =2}
A] (Platycodon grandiflorum) - 1A 2] AlEdo] wpg-2
oA OVAel thgh Al 2 Alog Heuhgol o] 73]
ol MAHZEHNE /e Ao BIHAT (Sun, 2006a, b;
Sun and Pan, 2006; Sun et al, 2004; Xie et al., 2008;
Sun and Zheng, 2005). 3}A| T H|E o] 3Tt Alxdo]
hemolytic activity2} 5/30] QuilART} StiEx|gle tjF-Ee]
AP ARLS oJ73] o= A2 hemolytic activityS LFE}
Wtk AREHS FAR} 2 WA A FAE sk Y =2
WARZZHE Hepu A7 Folshs 9ol Wilrxs
7t OE?SHX]H‘/]' AREAIA Aok BAL sid=t (Sun er al,

2000) THY-E THRAE WRTA Fol Ei B7A Folo] 4
Bgio] AR o8 S eharh

B ATE Bl 7] AT Al WAL $43)
9 Sola A AL F) AR 5 U Rl Selgew
A A ] SES Aol Ao s BN 4 e

3. WAl0l Of5h D10} REE micedlM BI| KIS CHA
WRxIED} HIZHZ S0 0ixls w0t
ejsno) et o

[o 2 IR

(purified Vi capsular polysaccharide
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Table 2. Effect of polysaccharides from aboveground parts of
Astragalus membranaceus (AMA) on splenocyte proliferation
in typhoid vaccine-immunised mice.
Dose OD570 nm
Group
(8)  RPMIT640 ConA LPS
Saline - 0485+0014 0.814+0.084 0.798 £0.036
Vac 5 0500+0.027 0928 +0.043** 0.801 +0.057
Vac/ 5/50  0.625 +0.044%* 0,947 +0.052%% 0.902 + 0.044*
Arill\A 5/100 0.675+0.015** 0.992 + 0.065*** 0.954 + 0.057**
5/200 0.694 £0.052%** 1.158 £ 0.041*** 0.985 + 0.057***
/A\\/El(r:'{] 5/200 0468 +0.068* 0.795+0.088  0.775+0.012%

Mean values £ SD from triplicate separated experiments are shown.
Significant differences with saline groups were designated as *p <
0.05, **p < 0.01 and ***p < 0.001; those with vaccine only groups
(Vac) as *p < 0.05.

of Salmonella typhiy=}t 715 WARZAC Alum = 37] A
AR OGS FEE (50, 100, 200 pg/mouse)S ETFFALE
Hax)g)sk FAg] (RPMI640) 2 ConA H& LPSE A
G u]x},q]4 ZAL 8T Ely ZAES ;.Juj ZA R 4
I AT gEow Fog R (Vao)® %% RPMI,

ConA, LPS A7 EFolA A2 (saline) R} @2 4
TOE HPAE FAEo] Folxl AS gRlsiint. Egk 9
A3 7] QAR g E seEE @A Fos &
(Vac+AMAH 735 HIPGAIE ] %—]EO TR gEHeR

gl S7vehe s vEkd i Al WA R A
HEHEE aluminium hydroxide gel& &7 F3 & (Vac

+Alum)®] 7§ WAIRE o2 FoJdt 2t (Vac) Hrt
23y BAAEe] FAEo] WolAle A YERHATH
(Table 2).

TE3F ConAE A 2]ate] HAA| 29 = = o
AR HEo 2 Fojd tiE (Vac) B 37] AP OEAlE
FTEEE A Fod o+ (Vac+ AMA) 257 g3t
(saling)o]u} ¥ A1y} WA R ZA FAHNZEZD aluminium
hydroxide gels 7 53 &+ (Vac+ Alum) Xt} HE3]
2 SAES HERAUAIRE LPSE At A5 Az
(saline)® WAz WANHZA] SFHHZEZ  aluminium
hydroxide gel& ¥ Fog &+ (Vac+ Alum), WA T
o2 Tt tiRat (Vac)roldls & zpolE YeRiA]
t} (Table 2).
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4. YLlol ool Y REE OFRL0M 20| KA T
WEX2} antigen specific antibody 2ES0ll O|Xl= §2

AAJNZ (saline), WA G502 RS Ol (Vac),
WA F7] A A FEHE A TS 2 (Vac
+AMA), WA WAE A g

Z B 7]

Z=%2 aluminium
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Total specific IgG reponse OD value (450 nm)

Saline

Saline 200ug  Alum 200 ug

50 ug

100 ug
AMA

Vac 5ug

Fig. 4. Polysaccharides from aboveground parts of Astragalus
membranaceus (AMA) enhances the humoral responses
on Vi capsular polysaccharide of Salmonella typhi
antigen. Female ICR mice were immunised twice
intramuscularly at a 15 days interval with 5 zg vaccine
alone or plus AMA (50, 100 or 200 gg) or Alum (200 rg)
each mouse. Blood samples were collected 2 weeks after
the second immunisation. The antibody total IgG against
Vi capsular polysaccharide of Salmonella typhi antigen of
the second immunisation. The values are presented as
means + SD (n = 3). Significant differences with saline
g}:oups were designated as *p < 0.05 and **p < 0.01;
those with vaccine only groups (Vac) as *p < 0.05 and
##p < 0.01; those vaccine plus aluminium hydroxide gel
group (Vac + Alum), *p < 0.05 and **p < 0.01.

hydroxide gels Tl FoAgh <
3ol AX B A Fske
oz F WA 9 25 Fol] dolls
MO ZEE] Vi capsular polysaccharide of Salmonella typhi
antigen®ll °J3ll F=¥= A WS total 1gGe] FHFOE
Ast A3 AdHZTE (saline)el] H|ste] Wil gdEo g =
o8k thZF (Vac)ol Bt} %2 1gG 52 YeRII
g 7] A OFAE R A T + (Vac
+AMA)°] 735 ExolA total 1gGe] ol WAINE &
Fo72 FoAg Tt (Vao)ith Bes] soA e 24345 o
ERfiRlom widlel &7] APFH- trdAle] FEEE A A
G PR ' 7] A A 200 g WA A
T Aol TP we TR ST olE7 A

+Alum)e. 2 Yo 2

(Vac
Mojurgo] g vhsg

ek A2

=
2=

o
AL WA R ZA] N ZEZ aluminium hydroxide gel
200 g T2 A Fodgk F (Vac+Alum)®| total IgG
shakat fAREE 25 (p <0.01)°100 (Fig. 4).

WA R Z2A 0] ga= wialTte] WHE HE A WAS
2 FFske AF Bk 1gGo o] HWEs] S7lshe
2 Z9EEd Udani 5 (20100 e H@7+H#S o)
2 AT} arabinogalactang W83t JEFe B9 HE F
5193 729 733}, BFolx 2709 A A EER] (18C, 23F)
of that 1gGe] A wkgo] Pkt B} FAACRE fost
Al S7Fetal Barskic,
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(purified Vi capsular polysaccharide of Salmonella typhi)=}
F7] AP H-AE BeAeshe 7 DAl Salmonella
typhi antigen specific antibody®] I1gG W& =& Z7MA]7]
I AN WA I T USS Ee T

Sk wialo] HiIAI R ZA| 2 aluminium hydroxide gel2- 200 /g

FFoF AT o AAAY WY WEge] 5 3] A
AR OGRS 200 g £ 2 Ao A §AKSE e
AE F IS ERIFe 2N VAR ZEE B2 o

A7} @O F aluminium hydroxide gelS SHAIE 4 )

rr

5. SHAI0) 2ol MO T 010N 2] KT THEH|
WKt BIZMIZOIM IFN-+2L -4 280l OIXl= &2
HE|az 2o tgh oAl (purified Vi capsular polysaccharide
of Salmonella typhiyZ} 71& W2 RZAR] Alum E= 7] X4
5 oZAlE = (50, 100, 200 #g/mouse)s BFALE B
22)7} BIAI A 9] cytokine?] TEN-y2} IL-4 4|50l )]
= FES Ay 2 A BAERT (saline)Tt BlaLste] WAl
T B0 2 Bogh gz (Vaco)llAe IFNwe] 3% Y

o -1

¢

o BlsSs Vel ey WAl 3] 2 o
AS F=EE A Tt & (Vac+ AMA)2] 73-¢ AAH=E

= (saline)o]ut WA WA R ZA] FHHZEF aluminium
hydroxide gelS &7 T8 & (Vac+ Alum) Bt} o &2
IFN-y #9152 Yeplle Ag ERIsIh IL-49] 739+ 9
ARE @02 Folgl vt (Vacrelld Bt Wizt 7] ]
- OEAE FEER 3 Fog o (Vac+ AMA)R 94l
WA R A SFJUlZEZ aluminium hydroxide gelS 7
FoJd o (Vac+Alum)ellA o &2 84 HERH AT
(Table 3).

AR A A WA H A 2] g2
tiste] Th1 2 Th2 A
™ Thl % Th2 |
cytokineol] oJ3l 5=¢]
I A#=o] = Thi IL-2, TNF-a, IFN-y<]
ko] olal) EAA ORI 1gG2a, IgGb 2] 3L [1gG32] AAH
o] =X = HHH B cell®] F2413 #3l5 Fxlste] Al
4 MRS ffeske Th2 ¥he-2 IL-2, IL-5, IL-109] A
kol EA3) E3 1gGl, IgA2] A4S SgAIRIT

WA 7] AP gAE A Foshs A9 IFN+2F
7+ Thl HRES: cytokine®] AHS FEEE S7MAZ oM
olgfgl A& wiATES: =0 2 HTlslAut WAl aluminium
hydroxide gels ¥ Foddhe 7% Hoh &2 HAWRS
FEstnh. Bgh WAls} 7] AR gAE 3 Fois)
73F IL-49F 72 Th2 HWHS- cytokine®] AJ4ko] &%=

-

o
o=

G919] A=

]
=

fu
T
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Table 3. Effect of polysaccharides from aboveground parts of
Astragalus membranaceus (AMA) on cyokine secretion of
splenocyte in typhoid vaccine-immunised mice.

of 9 Wl FIf

Table 4. Effect of polysaccharides from aboveground parts of
Astragalus membranaceus (AMA) on proliferation and
TNF-a. in macrophage.

Grou Dose IFN-y IL-4
P () (pg/ml) (pg/ml)
Saline -V 965.5 + 57.3 112.6 £3.8
Vac 5 897.8 +45.9 84.3 + 9.3%*
vac/ 5/50 1258.4 + 43.8+* 1156+ 3.4
AK‘XA 5/100 1635.9 + 33.5%+## 154.6 + 9.3**
5/200 1965.6 + 58.6%**### 1743 + g 3%+
/:/lﬂ 5200 10023 +52.8 241.3 + 9 prkxtt#

Mean values + SD from triplicate separated experiments are shown.
Significant differences with saline groups were designated as *p <
0.05, **p < 0.01 and ***p < 0.001; those with vaccine only groups
(Vac) as #p < 0.05, ##*p < 0.01 and #*##p < 0.001. V' —; no treatment.

2 =7)s HA]

Al YRt

olZgt A#E E3to typhoid MAIOE HAE
$-20A #7] A A= Thl 2 Th2 cytokine®] 1)
A7) ¥PE aluminium hydroxide gelS Th2

s WS AT S & A8l

e}
qkS-

dEoR Folshs AHTRE ¥
4e fug v

o =
o= -]—‘j—"r

cytokine?|

T =AMl
= o

6. | N7 Tl X2DE A
Ll 0IXl= At

9! TNF-o 2H
Murine macrophage cell, RAW 264.7 2 x 10° cells/well ]|
P AT GPAE FEEE AR YR F MIT
assays AAIste] 2] Al2F2] =g Hwstar tj2 A2
Al BH)El= cytokinine?! TNF-a] $HS ELISA #4185 &
S sl At o AES] FHel geiM LPSTF EA5HA
B2 AHeldE 7] AFE ohFAle] =4 (50, 100,
200 pg/ml) Aol wet zHzk 124, 212, 283%2] S H&
o] S Yehfo] AANET (saline)ol] the]ale] mlefax]
T oAl FAE TS VERAI

A A 7] A A e F=" (50, 100,
200 pg/mb) 2] %, nitric oxide BAHFS S Axt H

= (saline)2] nitric oxide Aol 0.25+0.05 uMZE L}
Ehdt v 8] AR oA 50, 100, 200 cg/ml 2] Al
nitric oxide A4 o] Z+zt 526+0.54, 7.75+0.84, 9.83 +
2.13 uME YeRfo] 87] PR oA Aol <fs)] Al
¥o| Z27} s &3} A EQ nitric oxide TH= A5}
Al 57t H= A& RIS (Table 4).

TNF-a0] ol o= gzt (saline)e] 745 206.3
1£33.8 pg/ml QIHl] whete] 337] AP thdA|E FEEE A
& ¢ 50 pgml & A2 F 7 429.6+22.4 pg/ml O 2
v Z71819emM, 100 ngméa 200 g/mbE x2] sk 3¢ Zkz)
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AMA  Proliferation itric oxide TNF-o
Sample (ug/md) rate (%) concentration  concentration
(UM) (pg/me)
Saline - - 0.25 £ 0.05 206.3 + 33.8
50 12.4 5.26 + 0.54*  429.6 + 22.4*
AMA 100 21.2 7.75 £0.84**  566.2 £ 29.3**
200 28.3 9.83 £ 2.13*%*  654.3 £ 28.3%**

Mean values + SD from triplicate separated experiments are shown.
Significant differences with saline groups were designated as *p <
0.05, **p <0.01 and ***p <0.001.

-

5662+293, 6543+283 pg/nl ©F TNF-o 50| Z7
31T} (Table 4).

Sudrez 5 (2006)° 2J5PH FIA B
pyrenoidosa®ll¥] 2]% arabinogalactan®]
9] Expel 71Qlsh =& b v
Jol EAsht} W Ak thdAlE WY
A ESL SN, Tao 5 (2007)2 arabinogalactan®]
& 259 shebd R ot Ak ol o) ket
A RISAT E Xie 5 (2007) & =3} (Tanacetum
vulgare) 258 E2|¥ 151kDa A4S 713 Type 11€]
arabinogalactan®] Ak (reactive oxygen species, ROS)2}
nitric oxide (NO), TNF-o AT S SWAIA J1774.A1
murine macrophagess Z/43MA|71Thal B s3]t

upebx] 87) AR ohgAle] A 345 kDaol® 3-
linked galactose 3%} 3,6 branch galactose®] T4l-1+Z7}
wsH o= EX3 galactose’t -3t oligosaccharide’} A
ZA%]o] & arabino-3,6-galactan?] AMA-1-b-PS2E ¥335l1L
ATH=E B (Lim ef al., 2016)8} oo Ax=E Ealo] 3
7] A TBATE 2 2RSS 7L 254 AR

ofgl] FrEoEH R hAAE] T4, nitric oxide T T

=
=272

=

), T AlE¢] AR %2 TNF-a 452 SN2 & I
AR W PeS

R E LIES ELREEE
epdcha sk
o|4 o] A= 5314 arabino-3,6-galactan?! AMA-1-b-PS2
TPshe ) AR TRl ARz asen ohe)
Vi capsular polysaccharide of Salmonella typhi antigen®l]
gt gehet MAEzERE EFSFL YL Vi capsular
EREE L EEREE
[e]

=

=

polysaccharide of Salmonella typhi
% AES AR she We wheg
Atk &7] A oA

1w
g o8 Bolal
"y A]
38 2 e X e

=1 = o
= 4 3

=

p
L

WA HEREIHE e AT F
3 JE 712 WAl HZEA aluminium

hydroxide gels &4 =04 axHo® tiAd + Se
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