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Abstract

In this study, we examined immuno-modulatory activities of crude polysaccharides from wild ginseng adventitious roots
(WGAR). The crude polysaccharide (WGAR-CP) was isolated from WGAR by hot water extraction, ethanol precipitation,
and dialysis. The major constituents in WGAR-CP were neutral sugar (64.77%), and uronic acid (34.32%). WGAR-CP
demonstrated anti-complementary activity dose-dependently. The immuno-modulatory effects of WGAR-CP were also analyzed
by measuring nitric oxide and cytokines in the supernatants of mouse peritoneal macrophages. Mouse peritoneal macrophages
stimulated with WGAR-CP produced nitric oxide and various cytokines such as interleukin (IL)-6 and IL-12 in a dose-
dependent manner. In conclusion, WGAR-CP may have immuno-modulatory activities by activating a complementary system
and macrophages, which produces cytokines.
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AMFE op(53] AhelN] A o2 Wolkste] g
ARE TRIT QubHO 2 o oA ebEhe Ahdatel, 4
“AbEHE Akl g A0 Aol glom, wizolt g}
o A X 2ol FEHT Yk SHAT AHES AFN T
17} olgm, 7o) 7wl Al AR S-gahlel
ofeio] whErh T APACIA] A RS Ak
7)40] Adrslol e A77E A% Folck A e A
% opAl AHEO ¥ 222 Helstel A (cellus)oh 7
e WAME fEska, o5 We) ol A 2 A
7, 2SS o] §310] 4560 71 Hjorstol Ak
s1ekSon 5 1999). ol AAPE] AHAF TORES ofA) AR
TS AR RS TS, A Qineh AEY @

A

Bl

2004) 2 i JRA E3KKim 5 2012), gHAESE S 3KKim
5 2010) Fo| BarE vf Qo At widoll A e o
Ao &4 avto] gt A= vk Aok

AEA25E e o Al(polysaccharidesy= W57
ARtz Z dHA o, QitollA FAE thFAl= tumor
necrosis factor(TNF)- @, interleukin(IL)-1, IL-2, IL-6, IL-12,
interferon(IFN)- y 2 granulocyte-macrophage colony-stimulating
factor(GM-CSF) 9} 22 thefet cytokine 59| At H2A| Al
27} FABIES A=dte ZEd iEgxd Ve 7L
AthLee 5 1997; Kim 5 1998; Shin 5 2002; Song 5 2003).
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A B} axpajoln] frojsirkal A|¢kstarl {ltk(Shin KS 2012).
A QA9 HHAE B3 A1 & Qe A2 "ES
A9 A2 71ES] Bl aE oz A 4 U=
oz F8A Ha ok

AiollA 22 E thgA7E e HIR=24o] lvk=
ol AFES BTl HkS wl, Ak v thAl 94 |d
QA=ZA] A& AR FEHUT: w2hA 2 dFelxe
AR S HRAIE EEist, AR | A4S HeAS
24 53 AAUGAE A5k e EAIA 3 macrophage
o tigt ¥Fe F7IA22ZHN, HAXSBGAZAL Abat
i HeAe] 7 ARt

1.
2 Aol A AREE AM vl Gto] @8R (Jeju, Korea)
oA ABEE AL AAFIHATE. A4 HIOFES | cn o]5}
F27]0 10812] D.W.¢F A ¥ 7 90Cof
A 3AIZE FE 7FESt] U2 2E5HE 4T 2 HE AHE
2] 7](Mega 17R, Hanil Science Industrial Co. Ltd., Inchun,
Korea)oll 4| B2jalsich. Bagh e 25 wr} 80%7}
=2 ethanol & W7}ele] s15u WS ¥, WA AAE
= Itk JAAES 239 SFol &3iste] Spectra/
Por £42HMWCO; 6,000~8,000, Spectrrum Medical Industries
Inc., Laguna Hills, CA, USA)S o] &35} 2~3U7F £42 3}

sl $AAZE WYsjol 2o AR(WGARCPIE Arh
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Z o 3L phenol-sulfuric acid(Dubois 5§ 1956) .2
Aotk 5, Aol AR oA £ 1%(WY)
FHaol el ARSAL 045 m LR ofste] o
2 Z+zF 1 A FH3ke] 5% phenol 1 meof| 2 EFAFTH
5 mlE H7FeE & 308 9h3-A]7] 31, 490 nmof| A
FHEE Zelo] PO RRE oI ghicosed] T
2 F F T AL AP 2 carbazole-sulfuric
acid®(Bitter 5 1962)0.2 2R3}tk A|ZHTL 1%wh)
Lo 2220 833 AREHNLS 045 m HUE R o7}
3t 3 NG Zkz} 0.5 meA 331, 0.125% carbazole 0.25 mé
£ 7heto] 2 EFAZT 7)ol 27 B4t 3 meE 7hstar,
85C water bathollA4] 15 minZt WAHAIZ] & 525 mmoflA| S8 =
£ 2Asto Aoz BE a2 B-Dgalacturonic acidS
REBAR S0l FAS AN, Bl B 2L
Lowry method(Lowry 5 1951)2.2 &A3lgon, RZEZ
2t BSAS AMgldch

3793 - AYe - 259 HEREERCER
3. PAlE A w
TG EA4-2 Albersheim 5-2] Hl(Thomas & Albersheim
B

1972y& Y7 WHFste] 7lEsl & ZF AT alditol acetate
2} aldonolactone 2 =33} 3}, gas chromatography(GC
ACME-6100, Young-Lin Co. Ltd. Anyang, Korea)S ©]-23}o]
243519t ot A REE 2 M trifluroacetic acid(TFA) 0| A
121C, 1.5 hr ¥FSA|A 7188 &= 1 m9 1 M NH,OH
(ammonia solution)o]] -&3[5}¢] 10 mge] NaBH,Z 4 hr T A
Hrt. Acetic acidE AT 75t XHE NaBHL.E AAT &
methanolS 7}5}H, vHE AXgto 24 3tgFo 2 715 A acetic
acidE A|Aste] Z+ /4ol A4dt alditol= HEksHGT.
FAZ AL &7 Y8 229 alditiolS 1 mee) acetic
anhydrideE 7|5} 121 CollA] 30 min E<¢F HH-2-A]# alditol
acetate=2 ATA|FH o1, o]= chloroform/H,O 24+ SujjA| 2 &
g5t &1L, FEES AR T A9 acetoneo] £33}
o GC Z4& A 22 AR & AR 4= 4
317] iete] AL aldiold F50] %< T, Seppak QUA
Cartridge(Waters, Milford, MA, USA)°|| A7), 1 M HCIZ
aldonic acidE #2|5t3ith. 223k &) 2 M TFAE 7}5}¢d
100Co A 5 minZt ¥F2-A]#A aldonolactone 2.2 ZHZA|FTh
1 % chlorofornVH,0 2/ 8 A2 Eejst] &3, 74X}
o] GC B4 |22 AR8HgTh GC columne SP-2380 capillary
column(0.25 mmx30 m, 0.2 ¢m film thickness, Supelco, Bellefonte,
PA, USA)-2, detector+= Flame ionization detector(FID, Young-Lin
Co. Ltd)E ARSI, carrier gasZA] NoE 1.5 m/minS.2
S H ) Injection 2% 250C, detector &= 270C, Y 2%
£ 60T A 220 C7FA] 30 C/min, 220°Coj|A] 250 C7}A] 8T/
min®] 2ol H AT 2 T molevo 7+ §
Z=A9] peak HA, EX}=F 9 FIDo|| o3t molecular response
factorg Z}2F AbESte] AArSHAT

4. SEARNT}

R A A2 Mayer Bl (Kabat & Mayer 1965)2 ]85}
o] AlZo] oJ3t B A A H|(complement consumption) & FHE35}
= BAl9] 9g 48+ &8 Hro| <AHE & complement
fixation test2 &3t =, 98] =250, 500, 1,000 ug/
)R FF5o] 591 ARl FArele] A GVB(gelatin
veronal buffered saline, pH 7.4, 2% gelatin, 500 « M Ca2+, 2 mM
Mg &) S-S 242 50 pl A EFste] 37Tl A 30
minZt 13} §E$-A)71 3, GVB™ & 350 plE 713t ¥ o]& 10~
16081 914 SlHatoct. o17]0] THA) 750 wle] GVB™E 7}
3 & oko] ZFAA E J(IgM-sensitization sheep erythrocyte, EA
Cell, 1x10° cells/mf) 250 plZ 7}8)) 37°CollA] 60 minZF 23} Bt
SA17]13L, PBS 2.5 mE go] RhE-S BAAF vhEAS
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2,500 pmell 4] oF 10 minZt ALt Aol AHAE
412 molN FHEE Sl 1E 88 BHS 245

o} oA o FEA S 2T T EAEE(50% total
complement hemolysis, TCHso, %)°]| TH&t #] X|L(inhibition of
50% total complement hemolysis, ITCHso, %)2A] WEFY $iTt.

5. mioj T MEO| CfE S 58

C57BL/6 mouse(-34J, 558, 31)2] B30l 5% thioglycollate
Bl %)(Sigma, St Louis, MO, USA)% 1 ml 295+, 72~96 hrdf
o S-=% macrophageS PBSZ 0]43to] BaiTh 1 &
RPMI 1640 medium(GibcoTM Grand Island, NY, USA)S.& 2~3
3] N|Fata, AESE 2.5%10° cells/mlE 23+ 96-well plate
of vjeFstith v R]= RPMI 16409 10%(v/v) fetal bovine serum
(FBS, Gibco™)T} 1%(v/v) penicillin-streptomycin 7}8+ 2]
£ ARESHGITE CS7BL/6 mouseo| Al v 2 &sto] mhaf 9
ANE AR HIZAZE FS3HFTE o] F 0.2% A FTE ©
a3l HEp1E 11]7-]5}% RPMI 1640(with 10% FBS)Z 2~3
3] AlHste] HZSE 25410° cellyml7} HES 27 o}‘i"iEP o]
o FoiZl A|Z F-HH-2 96 well plateo]] 100 0] F55FF T
gt T2 INE ARE 100 ulH @7}&@1 37C, 5%
CO; incubatorof|A] 72 hr vjFSIGTE. ZF Ao thgt 542
MIT assay ol ot 243 96 well-plate 2] AlSH

& 2AAHA AAS Z MIT 0.5 mg/ml [3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-tetrazolium bromide(MTT, Sigma)] 242 200
4 7ok 4 e 2k Wikl fomaan e AT 2
3 <= AASEAL DMSO 200 pbE 7+ wellol| 47}t

—?_’ /%)}-‘g 52
= 540 molN FFEE 24

formazang %91

6. Nitric oxide M2k A
A 3}HE macrophage”} B8]5k= Ao 2 U423 nitric oxide
(NO)9] YARS 2A35tgth NOQ) AA-L v o= A
S oo ZAEIE nititeFS ZYSHATE 100 10e] Ao
F A0S F5lo] F2F2] Griess reagent(Sigma)S 715}
2ol A 15 min ¥HEAJFTH NOQJ &4 J=+= ELISA #=
7](Infinite M200 Pro, TECAN, Miénnedorf, Switzerland)S A&

3to] 540 nmojlA =743} et

O

7. Cytokine Azl =X

HiR 2 S AA7] 18 BYES T HE A2 A
8ko] 37°C, 5% CO, #7104 24 hr Bzt &, AR
2u)g IL-6, 1L-129] 92 ELISA kit(BD Biosciences, San
Diego, CA, USA)S o]&3te] =A3|I%ch =, anti-cytokine
capture antibodyE coating buffer(0.2 M sodium phosphate, pH
6.5)0] 3)435}o] 96 well plate(NUNC Co., Roskilde, Denmark)

o "eEA 757

of 100 wliwell 2] W& 3, 4Toflx] 124 W81 coatingdF5L
t}. Tween 20(Sigma)< phosphate buffered saline(PBS)®l| 0.05%
(vv)7} E| =& 713t PBS/Tween 2990 2 plateE 33 A& gt
th Assay diluent(PBS with 10% FBS)E plate®] 200 1b/well 2
e 5 AL 1A HAI3HeTh PBS/Tween© 2 33] A
3, Wi TS 2 wello]l 100 A WoiE F 2A7F A2
of| A =]}t PBS/Tween 22 53] Al& ., detection antibody
2] biotinylated antibody®?} enzyme reagent@l stretavidin-horseradish
peroxidase conjugateE- assay diluent(PBS with 10% FBS)ef 3]
A15}1o] plateo]] 100 pb/well ] - T 4204 1 hr W25}
t}. PBS/Tween O 2 73] A|& &, substrate solution(TMB substrate
reagent Set, BD Biosciences)& 100 wl/well X Y2 & QF4o
Al 30 min %X SFH T Stop solutionq] 2 M ZFAR-H-L- well
250 pul A do] Hk-g- FZ]AW]_:_ 96 well plate readerS
o]gsto] 450 mmol A FFE=E SHsHh

8. SAHAzZ|
Ao A A& ZE datal= SAS(Statistical Analysis System
1996) 8.0 T2 IWE o] -L5Fo] ANOVA EAHELA T} Duncan
o tguel ARHeE Ageiich
Za 3 ng
CiShrol| Baks £

1
A RO 2R E 4S9 cthanol FAe] I3 &

Table 1. Chemical properties of WGAR-CP

WGAR-CP

Chemical composition (%)

Neutral sugar 64.77+0.49"

Uronic acid 34.3240.42

Protein 0.9140.17
Component of neutral sugar (Mole%)

Rhamnose 2.940.85

Fucose 0.1+0.09

Arabinose 5.4+40.92

Xylose 0.0+0.05

Mannose 0.2+0.23

Galactose 5.940.81

Glucose 85.5£2.36
Component of uronic acid (Mole%)

Galacturonic acid 71.540.13

Glucuronic acid 28.5+0.14

Y MeanS.D. (n=3).
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23 Ab w2 ThAI(WGAR-CP) S| At S18h54S 4
HE ATH= Table 17} 20}, WGAR-CPE 24T 64.77%, A
AT 3432%2 A= llen, dAL 091%E v
ZA15tgth 3FE, WGAR-CPE 7}45=8-3|5}o alditol acetate
FEA 2 Aesta AT AT 23, glucose?} 85.5%
2 7P =9ko ], 1 9] rhamnose 2.9%, arabinose 5.4%, galac-
tose 5.9%% 85t UAth E uronic acid= galacturonic
acid7} 71.5%, glucuronic acid”} 28.5%= Tj4-& galacturonic
acid2 BH& Al o]&= Min 5(1984)0] 214H9] pecting T4
3} Q= AJE-S galacturonic acid, glucose, galactose, arabinose,
thamnose 2 xylose2 B9l 3} |53t T3 $4t9] Ak
AEA & 25 543 A7HLee & Okuda 1990; Okuda
H 1992)0)| A FFAAAIE-S galacturonic acid, arabinose, rhamnose,
glucose, galactoseZ 13l AT -FARIATH

2. ARpH HHQFE el CHEAIQl EXA 2M3Es

B 2| Al (complement system)= C1~C99] EAhl A1} =
YIRS Zele] of 200] $9| BF <8 HUASZ T4
Hof glow, 2% 79 HUA 5 AYAAE FA 27

L w24 stol Mol ez AATHE AAe] F2 ol
7)ol ehKwon & Sung 1997). 4k ok $2) cheo] ofh
BAA BHEE 2T ATk WGARCPE 1,000 ue/nto]
A TTCHg gto] oF #4%o] ol2& MAA BasksS ngle
o, 3% ofealen go] ke AL BISIATiFe 1)
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Fig. 1. Anti-complementary activities of WGAR-CP. The
anti-complementary activity was expressed as the inhibition
of 50% total complement hemolysis by Mayer's method.
PSK, a known immuno-active polysaccharide from Coriolus
versicolor was used as a positive control. The data were
expressed as mean+S.D. of three separate experiments. Diffe-
rent corresponding letters indicate significant differences at
p<0.05 by Duncan's multiple range test.
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S

= gl

ol BAA Y 3t SRIARE dEA e HIEA o
A Q1 FLEH Al(Coriolus versicolor, 2-A]) -2 PSK(Satio 5
1988) k= g H o &2 w2 2o} WGAR-CP7} XA A2
BYAAL BT 4 9lodch AE 9 AN HelE
(Seo & Shin 2012), Z+el(Jung S 2002), TAFE)(Oh S 1994)
O] tFA7E FEA S 7HAE vk EuEch

ol

3. AL HQIE 2 CIZHAIC) BICIMIZEO) T MIZSA

HIA| H|Z2] mouse peritoneal macrophage®} spleen cello]]
th5t WGAR-CPO] =A< 321519 th WGAR-CPE 0.1~100
rg/mle] E=F peritoneal macrophage?} spleen cello]] = 2|t
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Fig. 2. Cell cytotoxicity of WGAR-CP on mouse peritoneal
macrophage (A), and spleen cells (B). All cells were incubated
with various concentrations of WGAR-CP for 24 hr (macrophage)
and 72 hr (spleen cells). The data were expressed as meantS.D.
of five separate experiments. Different corresponding letters
indicate significant differences at p<0.05 by Duncan's multiple
range test.
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A= 100 pgmtE AQet BE FEoA F-9AQ1 Al ZAFEO]
UEEA] ol AlZ=Ado] W32 IE 4= IS, spleen
cellof A= BE FEAA AZZAE YehfAl $3dehFig
2). £3] spleen cell®] 7%, 1 pgmle] oA F2&Q1 Al
A4S ERIE 4= Uik ARty oz AR G o9 A
% 1A Alze sl 54 UElA o= AeE dEA
Utk Fx 4 Ao rRE £ thFAE 083t ©l
A FFoA = Ea]E oA 7} mouse peritoneal macrophage
9 spleen cello] T3] AlZ5S YebR] $9ke ™, mouse
leukaemic monocyte macrophage -5-2] RAW 264.7 cellof] i3
A= 200 pg/ml o] FEolA AlEZFA BE Hel vt 9l
ThPark 5 2012).

4. Peritoneal macrophage@| nitric oxide A4AH| O|X|=
Atat HHQFZ 2 CHERNIS] S0t
2Hd3te macrophageol| A AAtEl= NO= HIEoH &5
ol 7]12HQl oA 2H-&(PhagocytosisyS SHHAIZILL, Alat R
PR Z 0] 54] oA A4S Kol AAToir| e Fasdt o
2 Stk &el A Qtk(Sorimachi 5 2001). WGAR-CP A}
ol 23 NO B2 Asrollie F941 &4 Kol
2oL, 50, 100 pg/meol| A FEHE FJ221 ZFol& HE
tHFig. 3). Hong 5(2008)-% AHi vy G F&E°] Uy
Az A 5k &EH 02 NOY AR F7HAZIthaL Bl

o ok

et o
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Fig. 3. Effect of WGAR-CP on NO synthesis in mouse
peritoneal macrophage. Peritoneal macrophage cells were treated
with various concentrations of WGAR-CP for 24 hr. Supematants
were collected and NO concentration was determined using the
Griess reagent. Lipopolysaccharide (LPS: 2 pg/ml) was used
as the positive control. The data were expressed as mean+S.D.
of five separate experiments. Different corresponding letters
indicate significant differences at p<0.05 by Duncan's multiple
range test.
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5. Peritoneal macrophage@| cytokine(IL-6, IL-12) A#At
Ol O|Xl= At HHYZ wa CHeh|el sat

Cytokine> HAN|ZA A Y= Tl FhPAGE 7
Fol tigt o7 "GN ETY S FASIEE, o]5Y
At Fuls AR o] glojA] Wi Fasith A
127}FA] ©]/449] cytokineEo] =L, 59 750 &

0.8 4

0.6 +

0.4 4

Concentration of IL-6 (ng/m2)
=

ol M s i (WS

T
LPS o] 0.1 1 10 50 100
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Fig. 4. Effect of WGAR-CP on induction of IL-6 (A) and
IL-12(B) from activated peritoneal macrophages. Peritoneal
macrophages were treated with the indicated concentrations
of samples for 24 hr. The level of each cytokine in the
supernatants of the cultures was determined by ELISA kits.
Lipopolysaccharide (LPS: 2 pg/ml) was used as the positive
control. The data were expressed as meantS.D. of five separate
experiments. Different corresponding letters indicate significant
differences at p<0.05 by Duncan's multiple range test.
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T B8 A A= @ Macrophage7} wH|5h= tl® 2% |
d F& Apo|EFIRIof= IL-6, IL-12, TNF- @ 5] It Wang
S 2003). 4h4t vigE e 249 ohd WGAR-CPO] A4
9J3} peritoneal macrophage?] cytokine AJAHS ELISA HIH o
2 ZH3 Ak L6, 1129 B0|S 55 9EH0 T 27
7l A& RIEUTKFig 4). IL-6= 50, 100 1gmlS] WGAR-CP
oA ZH2F 0.62, 0.94 ng/mlo] B
S HE 2128l Hols Rolx] ghgkerk, 0, 100 pe/mte] 5
ZoAE FYFQ ZpolE Eenk BHH, IL-12&= 10, 50 pg/me
oM fold Aolg BAo, T o] FEolAE S71E
Ho|x] oktrt. EAISHE macrophageZt AAdsh= IL-12= T
A 3Z9} natural killer(NK) A ZE 2AF2A| 7] =), o]RA] A=
H T A= IFN- 7 & AASEA T cell] helper T cell 1(Thl)
AZSTe] SR AL Tk b IL-120] ofat Welx
ge A L Bl oe Axol) Helel et due
G335}l 21t Sundquist 5 2003). Kwon & Chung(2004)2 At
A A|Ab olibe] W F vl m Ao A ARAL AAL Q]
4ol 2431 macrophageof| A IL-129] A4S F2I8}o Thl
AZSE B 249 NS 0l 7NDS wan 9)
Sl A AU A S 129 ) SA o1
o A YAt 27] AFTANA AE 7 15
3o SuToRA WNHge] FaF UL % }u}z
e 7 gl IL-6(Ryu HS 2011) SA] WGAR-CPo| ]3] ]
gko] @A5] Z27bE|%), Jang & Shin(2010) Raw 264.7
macrophage o]- 8¢ ALATe] HeIZ 7 E T AT IL-1
IL-13, IL-6, TNF-a &] A& F7HAZIcka 3l v glck
Macrophage 2 5-E| £H|%&= 16, 1L-12, TNF-a 9} 22
HSA cytokineE-2 NOLE &7 QlA|o] AU HUA L &
WA E gt AARAE FAATHE olHe] A7A
& 221 20 WV 5 209, 2K W2 T}
macrophage®] NO 2 H35A cytokine52] AL 7135}

il

AAY HAHE S A= AR U
2 o

42 el el AR oo el 2

T HAATRE ST A ARG 2 R
=], 80% ethanol AW Fato] 2T FBot] B4E 7
ESt A3}, ARAF ujoF 2 ZoHdA(WGAR-CP) 9] neutral sugar
SRS 64.77% 1, uronic acid 3 34.32%0] AT WGAR-CP
o AT 24 AT AT, gucosed L WS FHgo}

11 91%1© ™, rhamnose, arabinose, galactose, glucoseS =|=F gt

A3

2

=S F=AFFEIA

H>

3}a2 9121} Uronic acidof| A= galacturonic acidE &2 H|
2 et ATk EHH, WGAR-CP= Q1A 27] HYRE
o Yo T3 ALS st EAA ] st} F= 9
7 ¢l 2448 yeEth. WGAR-CPE 0.1, 1, 10, 50, 100 1g/
m{ =2 mouse peritoneal macrophage®] #2]sle] WA=
Fr=gt £, NO A4 9 cytokine 20|22 75k
A7} WGAR-CP2] NO A4S ABEol At Folxel &
9= Ole orgko Lt 50, 100 pg/mlof A =2 943«;01
Fol& Rt E31 50, 100 pg/ml EFo A IL-6 AJAAS

= %41—1 o2 F7HAZAL, 10, 50 pgmlol A F= 414 S
2 IL-129] WAL Z7IA AT ool AFE £33 £ o),
WGAR-CP= AHAHAAE 4381 = EA| A2} macrophage
o] Aotz &3 & 9leo] FHolE QT WGAR-CPY
93] &A3HE macrophage= NO ¥ IL-6, IL-129} 22 5
A cytokine®] Bu]2 GEgro 2 A W75 274
2 4 gl Fedel 9 Ao Arsy,
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