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Comparative Study on Immuno-Enhancing Effects
of Red Ginseng Fractions
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ABSTRACT The objective of this study was to compare the compositions and immuno-enhancing effects of 6-year-old
red ginseng powder (RGP) with those of its fractions. RGP was subjected to extraction with 100% ethanol to obtain
an ethanol fraction (E) and residue 1 (R1). Then, R1 was subjected to extraction with distilled water to obtain water
fraction (W) and residue 2 (R2). Chemical compositions were as follows: 4.94% acidic polysaccharides and 1.56%
ginsenosides (amounts of Rgl, Re, Rf, Rg2, Rbl, Rc, Rd, and Rg3) in RGP, 0.11% acidic polysaccharides and 6.99%
ginsenosides in E, 4.93% acidic polysaccharides and 0.40% ginsenosides in R1, 0.50% acidic polysaccharides and
0.30% ginsenosides in R2, and 7.46% acidic polysaccharides and 0.61% ginsenosides in W. Immuno-enhancing effects
of fractions from RGP were examined based on suppression of immune responses by cyclophosphamide. In the first
fraction test, the antibody response to SRBCs increased significantly in the Rl-treated group, but not the E-treated
group. In the second fraction test, W showed higher immuno-enhancing effect than R1 and R2. W, which contained
the highest amount of acidic polysaccharides, restored numbers of T and B cells, macrophages, as well as CD4"
and CD8" T cells in the spleen suppressed by cyclophosphamide. These results suggest that acidic polysaccharides
from red ginseng may be more effective than saponin in enhancing immune functions and reducing immunotoxicity

of cyclophosphamide.
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makg e South Pacific Sera Ltd.(Timaru, New
Zealand)oll A F+913}3I T} Earle's Balanced Salt Solution
(EBSS), DEAE-dextran, agar, 2-mercaptoethanol, cy-
clophosphamide A]¢F2 Sigma-Aldrich Co.(St. Louis,
MO, USA)ollA F+13t3l o, RPMI 1640, fetal bovine
serum(FBS), Gibco Co.
(Rockville, MD, USA), guinea pig complementT Invi-
trogen Co.(Carlsbad, CA, USA)dA F+43l] AFE-31A
o H)7d M3 013 412 Flow cytometry(FC500-2 laser
5 color, Beckman Coulter, Fullerton, CA, USA) H] &

penicillin-streptomycin<

ol - Adv e T A

o] &3le] Z43}3it}. Purified anti-mouse CD16/CD32
Fc receptor, peridinin chlorophyll-a protein(PerCP)-
conjugated anti-mouse CD3e(clone: 145-2C11), R-
phycoerythrin(R-PE)-conjugated anti—-mouse CD45R/
B220(clone: RA3-6B2), FITC-conjugated anti-mouse
CD4(clone: GK1.5) ¥ R-PE-conjugated anti-mouse
CD8al(clone: 53-6.7), FITC-conjugated anti-mouse
CD11b(clone, M1/70)% BD Pharmingen Co.(San Diego,
CA, USA)ell A F]iato] AbEsitt 1 9] dikrjefE
HAAEE AHEstslt
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&k 22F 2388 R1(500 908 TH5 3 Lol 591 5 &
MM ZSIE 4ANTF B FEI F YAEE sl A5
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s & Aalite sto] ASAs e FES 2W o
& 283 5 G FALE 65°C DEAZT] A 2443 F
ok Azt R2 Al E Atk 1, 2, 32t 59 & F2E
SA(F 7 LS FF F 60°C oA 7 Axste] 1L

Powdered 6-year old red ginseng root (RGP)

Extraction with 100% EtOH

Ethanol fraction (E)  Residue 1 (R1)

‘ Extraction with distilled water

{ \
Water fraction (W) Residue 2 (R2)

Fig. 1. Ginseng sample preparation. First fractions: ethanol frac-
tion (E) and residue 1 (R1), Second fractions: water fraction
(W) and residue 2 (R2).
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Ginsenoside= BEH C18(2.1%X50 mm, 1.7 ym) Z4<
AHg-3ske] UPLC-PDA(Waters, Milford, MA, USA)ZE & Al
BEAEE 2aog BA390H28). Arginyl-fructosyl—

glucose(AFG) % #8]9 &=& High Pressure lon Chro-
matography(HPIC Dionex, Sunnyvale, CA, USA)Z 3=
AAFEAF AA EA el At FA4 8kl A v A
g glucuronic acidg& Z=EZZ AFE-sFe] Carbazol
o2 SAINATH29). TAEEY] 12 28 23} 8
AZG&7 JES Table 1 2 Table 29} 7t}

B HdAS 22~23 g8l FA

Balb/c #1225 @30} (Pyeongtaek, Korea)oll A T

i

sto 7R =stAI T #3713 B9 ANkSAtS ket
o] A FES Adale] A /\}%O}OQE} Ab 4 9
SEE 20£2°C, BUlHE 50+5% &7)515 10~123]/hr,
A 24 TAIREH % 7%]77}%], Z%+ 150~200
Lux® ZZ43l9 1, &3 118 A5 (Feedlab, Guri, Korea)
= A F9AAT £ 28-S KT&G sEAE 42993
o &Elargel wepA S E AT

HeFXSi0f| CHEH S M=E(antibody forming cells,
AFCs) J4¥s

1 R 2 wHe) WAYL

=

449 (sheep red
blood cells, SRBCs)oll 3t AFCs Al 5o 2 SAH3A T
(24). I Hol| oJste] 1a} 3 AL AT, Uz,
RGP, E, R12.2, 22} 3 Age A4+, ET, R1, W,

Table 1. Yield of fractions from red ginseng powder (%)
Group Yield
Ethanol fraction (E) 12.0
Residue 1 (R1) 84.6
Water fraction (W) 453
Residue 2 (R2) 26.0

Table 2. The chemical compositions of red ginseng powder and

its fractions (%)

Group RGP E R1 w R2
Glucose - 1.63 032 024 001
Fructose — 244 042 0.17 0.02
Sucrose — 2980 17.02 153 0.69
Maltose — 772 392 051 0.07
AFG” 345 034 460 540 0.56
Acidic polysaccharides 4.94 0.11 493 7.46 0.50
Ginsenosides” 156 699 040 0.61 0.30

l)Argmyl fructosyl-glucose.
PTotal amount of Rgl, Re, Rf, Rg2, Rbl, Rc, Rd, and Rg3.
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R2Z U0l Z+7F 100 mg/kg o & 109 &9k A7 Fo &}
Wk A=A S shH A 32 5 Aol 50 mg/kg CY
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Tl A 49 ol SRBCsE EBSS £ 0 2 33
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EBSS & 9o Y1l meshE o] 83}e] @ A|E F
W= AAEE (300X g, 10 min, 4°C) 14
A A3, 5 mL EBSS §H< doj EW A E2(300% g,

0o

10 min, 4°C) 3}o] NS 1]7% 3t 3 3 mL EBSS &9
Yol u|g AE dEAS wE9t) o2 100 ul 33}

2.9 mL EBSS &9o] dof SOHH Mg AxdEgN S WE
ol SRBCs #fd2 WA Bty AgdAS AH8 A4
oﬂ EBSS €102 33 94A%(300%g, 10 min, 4°C) 3k

T ALg3F9A T Agar 350 pl, SRBCs F-f94 25 pl, guinea
pig complement 25 uL, AJZX&AE 100 pLs &3sto]
200 pL= #3}e] plateo] Hojrm&@ 3 cover glass® YA
t}. o]Z 37°C, 5% COs incubatoro] 4] 447t &< w3}
o] plaque ¥4& F=akth @€ plaque®] = 109
4 #v 3 (IX-81, Olympus, Tokyo, Japan) o & A 3}aL,
Hg AE e AESE SHske] A3E AFCs/10°

AFCs/spleen®. & A A&t}

.
EE

spleen cells

HIE M= ord

22t #8 5 & FEW)e] &%l wE 9 AlxE o1y
A A8 dHgel oste] B, &, W 50, 100,
200 mg/kg T o2 o] 109 &3 1Y 13] A7 F
&t 3tl 24 39 A 50 mg/kg CYS 27 FoIstgle
o e A B TStk 4 3 HE
olult o} E BAEY] 93 AP EoA] HAS A&}
o] Wwe] 5 mL RPMI 1640 wj<kdo] B #Aatgich, 1] g

H4S meshE o] &3lo] @ AlxE F{FHo g st
A E21(300Xg, 10 min, 4°C) 3t Fo NS AASL
ammonium chloride potassium(ACK) lysis bufferg& 2
mL ¥ & 18 &<t E£59 875 &A1 #A . RPMI
1640 complete(10% FBS, 2 mM L-glutamine, 100 units/
mL penicillin, 100 pg/mL streptomycin 2 5x<107° uM
2-mercaptoethanol) Bl 5 mLE X713k & 58 F<t
Ao A ®A]ekiTh A8 (300X g, 5 min, 4°C) 3+
e NS AAT T RPMI 1640 vlFd o= 23] A2 3519
ok v gd A E BFAo) purified anti-mouse CD16/
CD32 Fc receptor(1l pg/tube)E Yol 4°Cell A 15#3F Fe
receptorZ blocking 3+t CD4™ T A E(helper T A3E)
9} CD8" T Al Z(suppressor/cytotoxic T Al E)E 43}
7] 918 PerCP-conjugated anti-mouse CD3e, FITC-

conjugated anti-mouse CD4 @ R-PE-conjugated an-—
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ti-mouse CD8aZ tubed 1 pgo] A @& F icedlA 30
7+ A%ttt B Al macrophage 542 R-PE-
conjugated anti-mouse CD45R/B220%} FITC-conjugated
anti-mouse CD11bE tube@ 1 pgo] FA ¥ 5 icedlA
30%1F Akt 1 mLe| PBSE Yol 33 AlFsta ¢
¥ 0.3 mLe] PBSE 7 tubedll €] & 4131, Cell Quest
Software(Becton Dickinson, San Jose, CA, USA)Z 4]
stSl T,
SHEM

ZF Age] A= Ht ;L_% Aak2 YJER AL, one
way ANOVA test® AA|slte] frolido] dasH AFS-314
© =2 Duncan £ Dunnet UFAAS AASAT ZE
S AR 2+ SPSS Program(Windows Version 15.0, SPSS
Inc., Chicago, IL, USA)S o]-&3loH, P value’} 0.05 ]
st W o4 A= Aol E Hole Fom At
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ofN HI
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Fig. 2. Body weight in male Balb/c mice orally administered with
6-year old red ginseng powder or its fractions for 10 days.
Normal and control groups were administered with distilled
water. The three test groups were administered with 100 mg/kg
of RGP, E, and R1 for 10 days, respectively. Cyclophosphamide
(CY) was administrated intraperitoneally as a single dose of 50
mg/kg on day 5 before sacrifice. On the followmg day of CY
mJectlon mice were immunized with 2.5%10° SRBCs per
mouse in 0.5 mL of EBSS i.p.. The results are presented as
the mean of 8 animals per group.
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Table 3. Organ weight in male Balb/c mice orally administered with 6-year old red ginseng and its fractions for 10 days

Absolute organ weight

Relative organ weight

Spleen Liver Thymus Spleen Liver Thymus
Normal 0.118+0.01 1.324+0.05 0.0566+0.009 0.0051+0.004 0.058+0.001 0.0024+0.0003
Control 0.094+0.02" 1.325+0.09 0.0443+0.008" 0.0040+0.001"" 0.057+0.003 0.0019+0.0003"
RGP 0.099+0.01" 1.337+0.06 0.0510+0.008 0.0042+0.001" 0.056+0.001 0.0022+0.0004
E 0.099+0.01" 1.348+0.06 0.05020.005 0.0042+0.001" 0.058+0.001 0.002120.0002
R1 0.102+0.01 1.322+0.07 0.0495+0.002 0.0043+0.001" 0.056+0.002 0.002120.0001

Male Balb/mice were administered with 100 mg/kg of RGP, E, and R1 for 10 days, respectively.
CY was administrated 1ntraper1toneally as a single dose of 50 mg/kg on day 5 before sacrifice. On the following day of CY injection,
mice were immunized with 2.5% 10° SRBCs per mouse in 0.5 mL of EBSS ip..

The results are presented as the mean+SD of 8 animals per
Values are significantly different from normal at "P<0.05 or

roup.
"P<0.01.
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Fig. 3. Antibody forming cells to SRBCs in male Balb/c mice
orally administered with 6-year old red ginseng and its fractions
for 10 days. Normal and control groups were administered with
distilled water. The three test groups were administered with 100
mg/kg of RGP, E, and R1 for 10 days, respectively. CY was ad-
ministrated intraperitoneally as a single dose of 50 mg/kg on day
5 before sacrifice. On the followmg day of CY injection, mice
were immunized with 2.5 X 10° SRBCs per mouse in 0.5 mL of
EBSS ip.. The results are presented as the mean+SD of 8 animals
per group. Values with different letters (a-c) above the bars are
significantly different at P<0.05.
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S YERNRITHTable 4). 4 F71= A2dwtol sl vzt
oA 29.5% frolH o i FHAstl o uh(/X0.01) izt
H|&lo] R1, R2, W& 2+2} 16.0%, 8.7%, 12.7% &0 2
35 ¥= A4S YR 1 A= CY Fo 2 2 ¥igt
7} YElhA] ¢ gkti(Table 4). v1gx} FA9] o) FA+=
CYE Folgh & AgaolA FoA A FHastil o
(7X0.05), A=A CY Folo ofa) 7hagh vgat 4
o] ) FA 2 4TS

Antibody forming cells ¥4 %
Aol mlste] iz, R1, R2, WollA 22 27%, 21%,
21%, 27% T2 A F A5, 2T vaste] A8
Folao A= 9n] = W7k AtHFig. 4A). AFCs/
10° spleen cells& Aol Hlate] thzTol A 44% 2]
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Table 4. Organ weight in male Balb/c mice orally administered with first residue or its fractions for 10 days

Absolute organ weight

Relative organ weight

Spleen Liver Thymus Spleen Liver Thymus
Normal 0.110+0.01 1.350+0.10 0.059+0.01 0.00460.0004 0.057+0.001 0.0025+0.0004
Control 0.084+0.01" 1.312+0.09 0.041£0.01" 0.0036£0.0004"  0.056+0.002 0.0018+0.0003"
R1 0.092£0.01" 1.373+0.05 0.048+0.01 0.0039+0.0004"  0.058+0.002 0.0020+0.0002
R2 0.093+0.01" 1.350+0.01 0.045+0.01 0.0039+0.0006"  0.05620.003 0.0019+0.0003
\% 0.086+0.01 1.349+0.06 0.047+0.01 0.0036+0.0006" 0.057+0.002 0.0020+0.0003

Normal and control groups were administered with distilled water.
The three test groups were administered with 100 mg/kg of R1, E, and R2 for 10 days, respectively. CY was administrated intra-
peritoneally as a single dose of 50 mg/kg 5 days before sacrlﬁce On the following day of CY injection, mice were immunized
with 2.5X10° SRBCs per mouse in 0.5 mL of EBSS ip..
The results are presented as the meantSD of 8 ammals per group.

Values are significantly different from normal at "P<0.05,

"P<0.

01.
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Fig. 4. Antibody forming cells to SRBC in male Balb/c mice
orally administered with 100 mg/kg of R1, R2 or W for 10 days,
respectively. Normal and control groups were administered with
distilled water. CY was administrated intraperitoneally as a single
dose of 50 mg/kg on day 5 before sacrifice. On the followmg
day of CY 1nJect10n mice were immunized with 2.5X 10* SRBCs
per mouse in 0.5 mL of EBSS ip.. Four days later, the number
of antibody forming cells (AFCs) was quantified. The results are
presented as the mean+SD of 8 animals per group. Values with
different letters (a-c) above the bars is significantly different at
P<0.05.
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Fig. 5. The numbers of splenic cellularity. Male Balb/c mice orally administered with 50, 100, 200 mg/kg of W for 10 days,
respectively. Normal and control groups were administered with distilled water. CY was administrated intraperitoneally as a single
dose of 50 mg/kg 3 days before sacrifice. The results are presented as the mean+SD of 8 animals per group. Values with different
letters (a-c) above the bars are significantly different at P<0.05. CY: cyclophosphamide, W: water fraction from residue (R1) that
red ginseng powder was extracted with 100% ethanol.
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fraction from residue (R1) that red ginseng powder was extracted with 100% ethanol.
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