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Comparision of Immuno Activities of Fresh Ginseng Cultured Phelinus Linteus and
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ABSTRACT : The low quality fresh ginseng was fermented by Phelinus linteus or Hericium erinaceumn mycelium. This fer-
mented ginseng was extracted by water at 100 C or water with ultrasonification at 60 C. Total phenolic compounds was
improved by ultrasonification extraction process, compare to conventional water extraction. All extracts enhanced the
growth of human B and T cells, showing 2.68 times and 3.43 times higher, respectively, than the control. The secretion of
TNF-a and IL-6 from human immune cells was enhanced as 3.53 x 10~ pg/cell, 3.40 x 10~ pg/cell by adding H. erinaceum
mycelium fermented ginseng. H. erinaceum mycelium fermented ginseng yielded higher nitric oxide production from mac-
rophage than Lipopolysaccharides (LPS). The cytotoxicity on human normal kidney cell (HEK293) was as low as 20.5% in
adding the maximum concentration of 1.0 mg/m¢ of fermented ginseng, Generally, the extracts from ultrasonification extrac-
tion process showed 10% lower toxicity than that by conventional process. H. erinaceum mycelium fermented ginseng had
the highest anticancer activity on human lung cancer and stomach cancer cells as 69.33% and 75.32%, respectively at
1.0 mg/ml. It can be concluded that, in general, H. erinaceum mycelium fermented ginseng has relatively better immune and
anticancer activities than P. linfeus fermented ginseng. Expecially, the extracts treated with ultrasonification had higher
activities than that from conventional extraction process.

Key Words : Low Quality Fresh Ginseng, Immune Activity, Anticancer Activity, Phelinus linteus, Hericium erinaceum, Mycelium.

Moo T AF e o] MAEA 7 AR diely AR

o o]&% At} (Sohn er al, 2008). A Ayz]eAo] €

A4t (Panax  ginseng C.A. Mayer) Q7235 3} sitkar de] gzl A8 (Plellinus linteusye &% (Lee
(Araliaceae)ll 43= thaAl ZEF (Park, 1996)24 =¥ oF et al, 2000; Rhee et al, 2000), Aiks} F23]E (Lee et
ZETO2E ginsenosideE FA 08 T8 AT} o]Fo]x|7] al., 2006), 3 73} (Kang et al, 2005), HIZH 28

AlZste] FFA 2 AN, 60“’5? AE 52 2 Aol (Seo, 2007) 5¢] FelEAEC] BHAlEaL Qivk. Hgk FZel A
A AL, FAEFY X, 5‘-\4&, S22 71 AUdAL B2 A 7152 AdE<] nerve growth factor NGF)Ehs &2 0]
24, 292, 359 A& 4 0431 7] ef|ARgo]l B EEEo] A EAR ARSEHOAE =T oA (Hericium
3Eo] gk} (Park er al., 2003; Hwang and Choi, 2006). Erinaceusye AW QA 71% (Kawagishi er al, 1996) ¥qt o}

TS 2 5o wale] AgdEnte] opd kg o7 o] gxH Yzt =3tAl, et (Park er al, 2003), Fitst, W S
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Aol 5~10% 2A EFate] JFAIR vy 22-23C, &
70%14 30 s}t TaAAZTE V1o A2 o e
B TA BEANS AT )2 A2 F F20l A1§a
F2e 54 87 WL BRE 35 ek
0l TRTE SHE 100CA 60 FE&
FEIAOH 259 FEE 60TAA 60%7
AYe & T 227 F&7] (Asia industry
Korea)s 53t 60kz= 60% 5 257 F55 2333
th 719 FEFHOENY dojRl FEES AAIEA
(rotary vaccum evaporator N-N series, Eyela, Tokyo, Japan)
2 o3} § 3% 2u0 FAG LuoM JEET 47
ZE AX B FHE vso] A AR

2. N2k

B ATe] AlEefeF A] ARS-E= RPMI 1640 viX]2} FBS
(fetal bovine serum), horse serum> Gibco (USA)ZHFE T+
U3} 2™, hepes buffer, gentamycin sulfate, Trypsin-EDTA
© Sigma (USA)IA F94ste] ARE-SFITE. Cytokine 58-S
93 IL-69F TNF-o Kite Chemicon (USAYFS] 21 ¢
sto] el AHgsIeic.

3. 5 W= o 54

= A=A sgEe] &% =42 Folin-Denis ¥ (Lee ef
al., 2000y o]-gste] HA AFaict. g Feje] A
FoM FE2ES ek 10myml 2 {33 &0 [ mlS

Folin A1F 1ml 3} &3] A2ellA 387F AXg T 10%
Na,CO; &5 1mb 7kate] St & 25Collx] 1417+ A
&tk 700 oA FFEE =HE I gallic acidell ojg
TR glste] F HlE S IS TFelslth

4. DPPH radical 2Hs A

DPPH (o,o-diphenyl-B-picrylhydrazyl) radicalol| tjsh
2442 Blois (Blois, 1958) 52 WS <7t ¥ sl
3ttt 81 E ethanol2 3}e] A|Zg 0.1 mM DPPH
1mé 3} 0.2, 04, 0.6, 0.8, 1.0mg/ml o] FE& 2HH A
0.5ml E3}3te] 25TCelA] 208 <t adol WX
525 mm ol FBEE =43k DPPH Uiz &~AE4
gjzel| tigh AlE 7o) 35S vaske] the 2o
Alatstd .

DPPH radical sacavening activity (%)=

Control O.D —Sample O.D

Control O.D 100
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5. MIEZF U MIEZ M= X
geta g ARG oF MEFE= Q17 HYAE (human
lung carcinoma)®l AS549 (ATTC, USA)$} <17+ 99Al £
(human stomach adenocarcinoma)?! AGS (ATTC, USA)°]
w AE 542 A7 B A% AIEF (human embrynonic
kidney)?] HEK293 (ATTC, USA)S o]&3sle] =433t &
M| A8 E Cytokine 54 HFS 93l T cell (Jurkat,
ATTC, USA)?}t B cell (Raji, ATTC, USA)S ARE3I.OH,
M ES] nitric oxide A5 P2 2 macrophage
(J774.1, ATTC, USA)E AMg-ste] S48t & Aol A
&% AT A AESH dXAEE= RPMI 1640 HiA] <}
10% heating inactivated FBSE 7M# v 3Tt
6. ZAMIEZ =54
o17F A} A1 Al E HEK293S ©]-&3te] SRB (sulfor-
hodamine B) assay (Doll and Peto, 1983)5 &3l “JahAl=}
=Fglo]l WAl Al ol HaATl el ARl
3t =48 =43 Th SRB assay= AlE T o] HalS
Fote] Al FAoly 548 Sk o E Ay AL
S5 AEY] TEE 4-5x10° cellyml 22 ZHH] 96 well
plate®] ZF welloll 100 8 2 £33 & 24417k 52k v (37
C, 5% CO, incubator)3}ATE L T3 ZHzke] AlRE 0.2, 04,
06, 0.8, 1.0 mgml 9] F=2 Zdslo] zkzt 100 4L 2 H7)s)
ATk 48A17F HF Fofl FeAE AAAL 4T, 10% (W)
TCA (trichloroacetic acid) 100 (02 713} 4CoA 177} &5
QF BRI 2 F SHRTE 53] AlF ] TCAS A|AsRL
A2oX plateE $38] AX3IHT. A2E plate 7 welldl]
1% (v/v) acetic acid2 =<1 0.4% (w/v) SRB €2 100 4
A F7¥ste] A2olA] 30 S FAAIZ § AfEA] ek
SRB GAAS A A3] Y8l 1% acetic acid= 4~53] A& 3}
ATt A2oA 3] AZSE & 10 mM Tris buffer 100 /4
7t GAllS ol & 540 nmoll 4] microplate reader
(Molecular Devices, USA)E ©]&3l S4=5 =933t

al ISIAM =X
o=2o0o o
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7. HOMIEZ M5 ST S}
A97se] S Bde ke WY AMER] T celldt B
cellE ol &afo] T3t AAHEE 10%2] FBSE 3ot

= RPMI 164080A1014 wjF (37C, 5% CO, incubator)3}5
om, A7) F4aAE 6 well plateo] AES 1.0x 10
cells/me &] T 2H3 T ARE Folsie] 8d &t i
SPAA 1Y 7HH2 2 7} well®] cell® hemocytometer® Al E
5 =43 (Kwon et al., 2008).
8. Cytokine ZH|Z¥ 53

CytokineS IL-69} TNF-o A #F kitE Ab&3le] IL-69F

TR0 A HiYES| HEY
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Hlm

rc =

2

F-as ST M2 T=5 1~2 % 10* cells/ml 2]
A3 3 24 well platedl] 900 18 2 FH7Fsle] 244
soF vl (37C, 5% CO, incubator)A|Z! & A7 HFw
T2 05mgml 2 100 L A ArFste] thA] 5Y S9F uj
(37C, 5% CO, incubator)st$AT}. Y4lEe]7]E o83l wlF
=] e] gEd-e FH3F v 450 nm oA microplate readers
olgsle] FHEE Fsle] doxl 0.DHE ET=EE ©
g3 23 FFEFAI Blwste] cytokine®] %S A6
T} (Han et al., 1998).
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9. Nitric oxide 53
AREEl M EFE= J774.1 macrophage (mouse)©|H, Al¥X+=
10% heat-inactivated bovin serum3} RPMI 1640 mediumS-
o]-g3led 24 well platel] 4~5x 10* cells/mle] F== ZH3H
F, NEES H7kY F7isA @5l humidified 5% CO,
incubator StollA] 37Co|A 487 7HE9t vjkste] Ao A&
33t} macrophagedll A B =)= nitric oxide?] A& A3t
g A wgelel] ZZFo] U= nitric oxide®] FE
microplate assayS ©]-83}] FEFsl] g3 h WA AR
S X3l 4877 St AEE vldsta A5 50 E F
sted &Y F3]9] Griess Al9F (1% sulfanilamide/0.1% N-(1-
naphthyl)-ethylenediamine dihydrochloride/2.5% H;PO,)S #
7hete] Ao 1087 WHgAIZl & ELISA reader
(Molecular Devices, USAYE ©]83} 540 me] $34=& =
319tk Nitrite?] EFEZZE sodium nitriteS AME-31912
TEE 32 pd\/[oﬂﬁl?‘ﬂ 0.25 }/LM77]‘7(] RPMI 1640 medium
o2 iy slAste] d& FEFA vlwste] AT
NO A59 g tx=7EZZE lipopolysaccharide (LPS)
£ AFE3ISY (Ding ef al., 1998).

10. Ginsenoside &4

S} T o
o] g Mt B =FFHo] HARIC] ginsenoside A3 ES

HPLC (high performance liquid chromatography)s ©]-&3}]
A8kt HPLC #4418 flal AEE F33] &3iA1A
045 m filter2 373 Thy A8 FHUFS 104 Z 51
ginsenosideE #4331 ginsenoside #47l AR&-¥ HPLC
= Water 2695 separation module (Millenium system)©] ™,
columne p-Bondapak C18 (3.9mm x 150 mm, 5 zm), detector
= Waters Photodiode Array (203 nm)y2 AR5}t o4+
O 2= acetonitrile} waterE 20/802] H]E&Z 0.6 m{/min®

fEo® ZHFACt (Kim ef al., 2008)
11. SAHKE]
p=h

Al A Akl A= SPSS package program®
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Table 1. Comparison of total phenolic compounds in Phelinus 3 2= 9= HEARe] 2 H: Aog AlEHc) Aukdo
linteus or Hericium ernaceum mycelium fermented ALE. urs o] AF = w=3Eo] wE olAto] oF
ginseng by two different extraction processes. 2 4% 2E ddEns _T:‘T’L do] &E <late] B
gy 015041 g AE S s PFE NATAAY, A5 F
=0l 2 A7} mlvjslaL, f‘—JJr FES TolN 58 2

Sample Fermented ginseng Fermented ginseng

Process from Phelinus linteus from Hericium ernaceum
Water" 5.60%+0.33 5.75+0.39
us* 5.80+0.42 6.21+0.49

*Extracted at 100°C for 60 min, 3 times.

*Extracted ultrasonification at 60C for 60 min.

“Results are expressed as mean + S.D. of data obtained from three
independent experiments. Each value were compared with control at
P < 0.05.

paired rtest? AASIF oM RE HIZS H + HFA}

(Mean * standard error)2 YERJATE
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& e = §EYR F7heke 2L vFo] mol we

ARG AR O] Fol wet ake] B A el S
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2. DPPH 53

AARFols =40 AMEE 1,1-diphenyl-2-picryl-hydrazyl

(DPPH)= Y|4 SFA43 free radicalZA] cysteind} glutathion
I} 7+e FF3tolm)izAba} L-ascorbic acid 2 BHCOl| 2J8f
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A7l s8] ¥ w2 st 24 B B4 s ¥R
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t} (Hong et al., 2007).
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Fig. 1. DPPH electron donating ability in adding the ginseng extracts fermented by Phelinus linteus and Hericium ernaceum mycelium.
*PGWE : P Linteus fermented ginseng (water extraction), HGWE : H. ermaceum fermented ginseng (water extraction), PGUE : P, Linteus
fermented ginseng (ultrasonification extraction), HGUE : H. ermaceum fermented ginseng (ultrasonification extraction).

"Results are expressed as mean = S.D. of data obtained from three independent experiments. Each values were compared with control

at P < 0.05.
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2. The growth of human B cells in adding the fermented ginseng extracts.

*PGWE P Linteus fermented ginseng (water extraction), HGWE : H. ermaceum fermented ginseng (water extraction), PGUE : R Linteus
fermented ginseng (ultrasonification extraction), HGUE : H. ermaceum fermented ginseng (ultrasonification extraction).
“Results are expressed as mean = S.D. of data obtained from three independent experiments. Each values were compared with control at

P < 0.05.
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Table 2. Human immune cell growth and secretion of IL-6 and TNF-a in adding the extracts fermented by Phelinus linteus or Hericium
ernaceum mycelium according to different extraction processes.

Specific secretion rate from B cell” Specific secretion rate from T cell”

. o ¢
Extraction Sample (;ult|vat|on T ceLI growth (10 pg/cell (10" pg/ecell)
Process time (days) (x10" cells/me)
IL-6 TNF-a. IL-6 TNF-a
1 9.89+0.3 1.03+0.01"  0.94+0.01"  0.93+0.03"" 0.64+0.02"
P fint 2 16.33+0.6 1.53+0.08 1.13+0.03 1.47+0.06 1.48+0.06"
- linteus 3 19.68+0.9 1.70+0.10"  1.19+0.05 2.20+0.09"  1.55+0.07""
fermented ginseng
4 21.26+0.9 2.07+0.13 1.44+0.08 1.52+0.06 1.58+0.07
WE' 5 25.99+0.9 2.81+0.17°  277+0.16°  1.68+0.06 2.79+0.16"
1 10.28+0.4 0.33+0.01""  0.90=+0.01 0.76+0.02"  0.97%+0.02"
1 erimaceum 2 19.27+0.7 1.65+0.06 1.16+0.04 1.50+0.05 1.30+0.06
fermented ginseng 3 25.48+0.9 1.8410.11** 1.8410.12* 1.63i0.07** 2.2910.09**
4 33.33%1.7 2.81+0.18 2.36*0.17 2.01+0.09 2.65+0.14
5 34.26+1.9 2.96+0.20 3.05+0.21 2.18+0.09" 3.25+0.28"
1 15.8+0.5 0.97+0.04 0.89+0.01""  0.58+0.02""  0.40%0.01
P linteus 2 21.99+1.2 1.60+0.08 1.16+0.05 1.09+0.04 1.10+0.03"
- nte. 3 26.51+1.6 230+0.17""  1.67+0.14 2.36+0.147  1.52+0.06"
fermented ginseng
4 37+2.1 2.90+0.22 2.16+0.18 2.53+0.16 2.52+0.19
Us* 5 39.01+2.0 3.31+0.28"  331+0.247  262+0.28"  2.96+0.25""
1 17.4+1.6 0.69+0.02 1.12+0.10""  1.40+0.04"" 0.57+0.02
W eri 2 22.7+1.4 1.12+0.09"  1.36*0.13 1.27+0.06 1.16%0.06""
- enmaceum 3 37.33+2.0 2.62+0.187  2.50+0.20"  2.24+0.12"  2.30+0.09"
fermented ginseng . . o .
4 42+2.6 2.75+0.19 2.86+0.25 2.22+0.11 2.43=0.11
5 57%3.1 3.53+0.27" 3.40+0.26" 2.93+0.20" 3.34+0.27"

"Extracted at with water 100C for 60 min, 3 times.

*Extracted with Ultrasonification at 60°C for 60 min.

SEach value sere compared with control at P < 0.05 by Student t-test.

"Results are expressed as mean + S.D. of triplicate determinations. Each value were significant compared with control "P < 0.001, "P < 0.005,
P < 0.01.
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Fig. 3. Stimulation of nitric oxide production in adding ginseng
extracts fermented by Phelinus linteus and Hericium
ernaceum mycelium according to different extraction
process.

*LPS: Positive control, lipopolysaccharide.

*PGWE : P Linteus fermented ginseng (water extraction), HGWE :

H. ermaceum fermented ginseng (water extraction), PGUE : P

Linteus fermented ginseng (ultrasonification extraction), HGUE :

H. ermaceum fermented ginseng (ultrasonification extraction).

"Results are expressed as mean = S.D. of data obtained from

three independent experiments. Each values were compared

with control at P < 0.05.
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Fig. 4. Cytotoxicity of the fermented ginseng extracts on human
normal cell line, HEK 293.

*PGWE : P Linteus fermented ginseng (water extraction), HGWE
: H. ermaceum fermented ginseng (water extraction), PGUE : P
Linteus fermented ginseng (ultrasonification extraction), HGUE :
H. ermaceum fermented ginseng (ultrasonification extraction).
"Results are expressed as mean = S.D. of data obtained from
three independent experiments. Each values were compared
with control at P < 0.05.
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Table 3. Inhibitory effects of the ginseng extracts fermented by Phelinus linteus or Hericium ernaceum mycelium on the human lung
carcinoma (A549) cell and the human stomach adenocacinoma (AGS) cell lines and its selectivity.

Extraction Sample Concentration Inhibition ratio (%) Selectivity
process (ng/me) A549 AGS A549 AGS
0.2 19.69+0.7 18.52+0.7" 0.92+0.02" 0.86+0.01"
. 0.4 34.19+1.4 30.36+1.1" 1.12+0.02 1.41£0.03"
F "”tea;.; g rge”ted 0.6 45.90+1.7" 39.58+1.3 1.34+0.03" 1.84+0.05
0.8 55.94+1.97" 53.39+1.7" 1.55+0.03"" 2.48+0.10"
Water 1.0 63.75+2.1"" 58.92+1.9™" 1.61£0.04™" 2.74+0.11""
extraction' 0.2 21.36+0.8" 23.01£0.9" 0.89+0.01" 1.07+0.02"
_ 0.4 39.21+1.2° 4442415 1.43+0.03" 2.06+0.08"
o ;’7 ;fg’gj;ﬁgﬂg 0.6 55.38+1.7" 49.42+1.8 1.66+0.04" 2.30+0.09
0.8 61.52+2.2 59.43+2.1" 1.65+0.04 2.76+0.12"
1.0 65.42+2.6™ 65.99+2.8"" 1.66+0.04"" 3.07+0.15"
0.2 16.90+0.4" 33.89+1.2" 0.84+0.01" 1.57+0.04"
0.4 44.79£1.7" 41.4821.4" 1.64+0.03" 1.93+0.06"
R 'i”te‘j.; Sfi; mented 0.6 59.84+2.2"" 50.81+1.5 1794005  2.83+0.13
sIene 0.8 56.50+2.0"" 65.82+2.9 1.60+0.04"" 3.06+0.15
UsS 1.0 67.09+3.0° 67.37+3.1" 1.73+0.05" 3.13+0.17"
extraction’ 0.2 26.38=1.1 32.85+1.7 1.14%0.03 1.53+0.03"
. 0.4 48.13x1.6™ 4373217 1.62+0.03"" 2.03+0.07
fe;"?:r: ’t’gj‘;’?ﬁs’gng 0.6 57.61£2.1"" 63.58+2.5™" 1.78+0.06™" 2.95+0.12""
0.8 63.19+2.6" 67.03+2.9"" 1.84+0.06" 3.12+0.19™
1.0 69.33+3.3"" 75.32+3.7"" 1.95+0.07"" 3.50+0.22""

Extracted at with water 100°C for 60 min, 3 times.

*Extracted with ultrasonification at 60°C for 60 min.

SResults are expressed as mean =+ S.D. of triplicate determinations. Each value were significant compared with control 'P < 0.001, P < 0.005,
P < 0.01.
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Fig. 5. HPLC Chromatogrmas of ginsenosides from the ginseng
fermented by Phelinus linteus or Hericium ernaceum
mycelium.

t(@ Fermented ginseng by Phelinus linteus mycelium, (b)

Fermented ginseng by Hericium ernaceum mycelium, (c)

Hericium ernaceum mycelium.
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