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Effects of the aqueous or 50% ethanolic extracts prepared by various extraction procedures on
macrophage activation were determined by using the mouse macrophage cell line RAW264.7 cells
as a indicator cell. The results demonstrated that the fractions prepared by aqueous extraction for
2 h and by microwave extraction with 50% ethanol at 60 W for 3 min had the greatest inducing
abilities for NO production, and that the greatest ROS scavenging abilities were found in the frac-
tions prepared by hot water extraction for 2 h or 3 h, by microwave extraction with 50% ethanol
at 60 W for 3 min and by 0.5% HCI extraction, respectively. Phagocytotic activities against Can-
dida albicans were found to be highest for the 50% ethanolic extracts prepared by microwave
extraction for 3 min at 60 W, 80 W and 12 W, respectively. Especially, we found that a extract pre-
pared by microwave extraction with 50% ethanol at 60 W for 3 min enables to induce effectively
overall functional activation of macrophage, such as NO production, ROS scavenging and phago-
cytosis of C. albicans, respectively. These results demonstrated that a 50% ethanolic extraction
using microwave at 60 W for 3 min would be useful for enrichment of macrophage-activating com-

ponents contained in Hericium erinaceus, implying participation of protein-bound polysaccharides
as a active factor.
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erinaceus KNUF 1007 58 2 Ao 8319t} AMga5
= potato dextrose agar(PDAPIRE o|&alod 25°C 3R&7]o)A
ukstdet, A AR 918 Ml FyhA) s
80%, P17 20%)E AHEEIoH, 25°ColA 209 Eet widst
of FARHe] AnE & FEE 95% o1, &E 15~18°C
oA AAAE AN DT AAAE FA) S48 A
= o]§3l5rt. Zymosan, luminol 2 71E} 3jerlefEe w
% Sigma Chemicals(St. Louis, MO, USA)2] AH|&& F4]sted
AMESoATE AR S A% YPDHIR] Aol AR2-E peptone,
yeast extract ¥ agare Difco-BRL(Gaithersburg, MD, USA)2|
AES ARESIoH, FEAZNY] AMEE WA 2 fetal
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A8 Az Ax =FFgPolHAE miller® F3kL WA
40 mesh®l ZFIAE FHAIA e BEE 20°CoM B
st ALl AlE9) 5 Sue] HES 1:200% FE
s G4 &, lolARdolR FF, A A ] 285
sl G4 52 1000004 308, 1, 2 2 A7 T
Al&Elgon, nlolaE ol 228 2450 MHz #1579
A8 &A% (Microdigest unit, Prolable, France)s ARE-31od
40 WA 120 W Z7A 50% eSS SnE AMgsl 7
7+ 1, 3, 5, 7, 997 FEEACE A B F7] 29 Bele
74z} 03, 1, 3% HCIZ NaCl2 100°ColA 27 7F 5ot &
ST FE0] B T AR ofste AN It
REsEAAZ 13 volume2 2 553 F 4] oehes
YL 4°CollA] 24A17F HWERIBIITE. WAlEE el o] AHES
353 URe, &) golegw ANES f3iEte dialysis
tube(MWCO: 12kDa, Sigma Chemicals)o] o] 397} 4°Col
A BABIAL B4 - 7Axste BAE Ak AMEEIT A
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Table 1o Felsied AL FE28 A15EE el endotoxin
EZE E-TOXATE Kit(Sigma Chemicalsys AR&-31e] AlZA}
& AAel et FAskaTt

259 32 % 9¥d §F 4. vl IFS Sahadt
Brewer®] ®H%Y ul2l phenol-sulfuric acidf 22 33513t}
5%%] phenol(w/v) 0.2mA} sulfuric acid 1 m/E AlE 0.2 m&
wS- 2171 % UV/VIS spectrophotometer(UV-1601, Shimazu

bovine serum(FBS)¥} HF-EA& ¥F HycloneAk(Logan, UT,

Co., Kyoto, Japan)& AME-3l 490 nme] S-F=olM SH3ta

glucose TG 710 E ARl xotE o §FE 3

Table 1. Extraction procedures and yield rates, sugar and protein contents of the extracts

Fractions Conditions for extraction Yield (%) Sugar (%) Protein (%)
No. 1 Control (hot-water extraction only) ND# ND ND
No. 2 30 min 6.17 65.55 12.59
No. 3 u . 60 min 6.25 83.33 14.00
No. 4 ot-water extraction 120 min 831 81.11 1157
No. 5 180 min 4.90 61.10 8.80
No. 6 1 min 3.27 41.83 6.85
No. 7 M . h 3 min 3.24 61.66 15.99

icrowave extraction wit :
. . . 8.
No. 8 50% EtOH af 80 W 5 mfn 341 38.25 64
No. 9 7 min 3.02 35.00 14.94
No. 10 9 min 3.79 25.50 15.35
No. 11 40w 2.45 31.66 8.96
No. 12 Microwave extraction with 60 W 1.09 51.83 6.77
No. 13 50% EtOH for 3 min 100 W 2.87 27.25 11.81
No. 14 120 W 2.95 22.33 1941
No. 15 0.5% 7.04 58.33 1.85
No. 16 Acidic extraction with HCI 1% 10.82 61.67 6.97
No. 17 3% 6.14 75.00 3.19
No. 18 0.5% 8.15 51.66 6.12
No. 19 Basic extraction with NaOH 1% 14.94 62.23 1.36
No. 20 3% 24.69 41.34 0.75

# not determined



wFgroluil FEEe) oM B4t 287

At oME 7S BSA(bovine serum albumin) FEIA
7122E Lowry 59 W0 wel ZAsn)

Nitric oxide(NO) A4t =84 24. NO LAEAL npg
28] YAAE HEFQ RAW 2647 AZE AAHEZ o]§
3o Murakami 52 HPE '] we} 2451t RAW 264.74
¥ ATCC(Manassas, VA, USAYIAM TR o, F54¢]
AAHZ 10%2] FBS7F $HrE RPMI 1640 mediaciA] At
HFEIATE NO 2ASIE EH5] fsted AAHEE 96-
wellell 1X10° cellsymi= £33 vhe, A33e] AE8s A
& wellell ket 37°C, 48417 B3F 5% CO,8l &71%A9
Al ulkstach Alge] e tiEFR2E 100ng/m/e] LPS
(lipopolysaccharide)s AMzjsle] &3S Fugt AELE AFS-S}
Aok v S, AH 100 pis 398l 7)ol E#0] Griess
solution2 F7Feted 15%7F WAk ohg o] wanE
microplate reader(Model 550, Bio-Rad, USA)S ARE3te 570
mm % 650 nme] FHEE SG3I3)

MTT assayol] 2} A| X=X A4, Mitocondrial dehydrogenase
activity®] indexZ YERHE MTT colorimetric reduction assay
E FYole] FEE] X AEL niXe 9% 243
TH'? RAW264. 7418 microplated] NO F43 72 27102
ot 2407 Wige 3, FEE AEE seEE Aes
ok AlEAe] F 48x17ke] wijoke] St wikdoll 2 mg/mi2)
MTTEH(Sigma Chemicalsy2 50 W/ B7}8HL, 37°ColA] 3A17E
g thx 150 o] DMSOE H7Fskal 1087+ ZIBAIA Al
¥ Yol E0i7F MAE 583 §EA17 ¥ microplate reader
(Modet 550, Bio-Rad, CA, USAYE AF&3td 570 nmét 690
nmelX e} FE=E SAA

AX U @EF 2AREY 4. DT gk A
FO] AL tAAETR RAW264.7 27t s53w=
Arksls Ed4ATS 28-S Boudard 59 WP o) wel &
A, SdAZE 319 zymosan AR BT Holegw 2t
AAEE 100 mgd] zymosan A9+ & H@)dHA 42 FBS 10m/
£ A2oM 3087 AT &, HBSSE 39 A&t Alzs}
Atk RAW 26474 EZ HBSS(Hank’s balanced Salts Solution)

o

of #el the, 1X10709] HEE 1.5mi tubed] Wil ¢
AojA <4=81A17] zymosan A% luminolE 2} 1.1 mg/m/
1 107 Mo] H=F 4°CoA sk EAZTh W &

Haulr g AMEsle] 37°CollA 85rpme] 27102 Wds| o
HESPHA 30iolA 3587 AR} RESAIZ O, whgo] B &,
luminometer(TD-2020, Turner Biosystems, CA, USA)E A&
st ZAapgo| A A E SAAF oS 4ksl H e
v luminole] #5328 S35

Candida albicans& ©1§-% XN 4. ARG ax
2 X Candida albicanse AANMEZ A3 candidacidal
assay’= Naama 52 WS thh WE sl Fasigict. 7
8] dst, AdExs 24 F2AREE IX107 cells®] RAW
264.7 Mo "7kt 37°CelM 5% CO F7127AA 15
7F wiekslsiet. vy ¥, D-MEMHIAE o]&-8fed 9X10° Al
1.5m/] twbed] 55132 ©|g] YPD 8lX](2% peptone,
1% yeast extract, 2% glucose; wiv)E ©]-&38tod H| Y3 &
Candida albicans$t 2,000 : LRAW264.7 : C. albicans)®] A 3E
HIEE 24sked 37°ColA thA] uisiadnt. widke] vk 2t
tubeeA] 0.1 mi& B8k YPD Ao =wahar, 25°C9)
A 4871712] wijoko 2 colonyS AT TR, FAE colony
& At

SAEA. 33] o] WHEARA dojxl datar= Statistical
Analysis System software package®. w235} Age] B
2 meantSDE FAISIG oM AT s, 2w A
& Alole) Hagkel #fo& Zol= Anova Procedure test® 73
S, p<0.05 FEAM SAH frelde Tl
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F&2Eo] Az, FAAFY protein-bound polysaccharide(tHe
gyt HehS g 7 53 AR AY S45E
38k e WIS Hadyt ol dilithdHe] el
23] Adso] Slvke Aol FIMA (Lentinus edodes)lA]
2% p-13 glucan®] lentinan®] AJESH d59 HE A9

Table 2. Induction of NO production by the extracts from Hericium erinaceus in RAW264.7 cells

. NO production (uM of nitrite)
Fraction No.

NO production (UM of nitrite)

Fraction No.

10 pg/m! 100 pg/m/ 10 pg/m! 100 pg/m/
Control (-LPS) 0.36£0.000 Control (+LPS#) 24.13+0.353a
1 0.24£0.060° 0.3240.070" 1 0.80+0.070% 0.86%0.092%
2 0.24£0.060" 0.38+0.092" 12 33740319 17.1440.343
3 0344 0,035 0.4 0.0928" 13 0.52+0.070%" 0.70%0.035°%
4 0.620.092%" 16.92+0.343 14 0.76+0.035% 0.70+0.070°"
5 0.42+0.000"* 2.75£0.368° 15 0.98+0.035° 0.8640.139%
6 0.64+0.092%% 0.68+0.035°% 16 -0.09+0.035™ 0.28£0.092"
7 0.82+0.035% 1.1020.125¢ 17 -0.09+0.070" 0.01£0.035!
8 0.56£0.070°% 0.94+0.035% 18 0.03+0.092™ 0.14£0.035"
9 0.50+0.035% 0.94£0.070% 19 0.07+0.035™ 0.0140.035!
10 0.72£0.060% 0.72++ 0.000°% 20 0.30£0.060" 0.58+0.092%"

# at a concentration of 100 ng/m/.

Values not sharing common letter in column were significantly different at p < 0.05.
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EFFPolwAle] 84 FEES A UL dde AAS
23l 38 ZHERY L o w FEEY9 3583 3
7, @] 58 2T Table 1914 BEo] F2E
9] 3ELE 3% NaOHE F2&W= ARSSE o 7P =4
UeRger] Autdoz Aol gzl AN FE2EY I
£0] & FFS Bed, oA Aoy WS FE8)
2 ARE A HAFY MEHY giE e #8539
chiithy AuEGe] FF0] gol3p] i oz Azhdrt
NO A4 f=84. olv] 71&g vl ko] G}
9] TtgRe WA AP Ee] G432 Sl A
Aol HAHS ST AR dEA J7] wEel, Al
AU vAES A AT # ol AR ] A4S
[

g AAR g =FgHoHA 2OFFEEE0)
e H9SEaRE grlsidnh v fal tiaMESQ
RAW264.7HEE AAMER AMEsle] 7} 2274 H Hgo]
qxEe] Bste AgEe B shies, 938 B
o] A2 45e $= 2 NK AE BAse 23 o
AZ AA Zlo] #Asl= iR nitric oxide(NO)2) 843
& FET T YA AFE SHIA? A A3, 100 py
m/2] AEFENA microwaveE ARESHY 60 WollA] 387+ 3=
3 129 £8o] 7P NO A fr=5e] 3o, Nogl A
2 8738 FulRTOIAN ARSS 2R AIEe] dlEd
Ql AN E EAsHEAl LPSo] 93 FE49 71% &
SIATh Gl 2417 &S 4 BE A9 128 HE¥3
72 e NO ARE B4E HIoY, Azl AR
2110 pgmieIF= 128 8L FEsA NO Aike f%
She Ao Hol, 48 FHRT 128 g €40] Erhe

e BT F URTY. Phellius linteuss) A3 ditigo] o
A E) EAslE B TU] A E AR 7153
&g 73 fEdithe BP9t ohilthgFe] 3)489]
AFeg Ee A dzE FE2EEY NO A4 f=gAol
WA 24E B A9 Azke s Hel o, oA
A, G7kE] FEA) vlolAzgo|E FER HlE E-8/39
ity AR EFo] Bo] FE5] U Ao| fEeR & F
b=

FE2EYE PUEF AR, A E] T2 T
Eo] A&Ho|ux oz AAHEE superoxide anion 52
FAALAZE(ROS, reactive oxygen speciesy> L AAE M ¥t
ZH9] &48 dog B ohizt YT MM A=
NO%H kg5l ®r} EX4o] 733t peroxynitriteS A4331H, ©l
Zo] DNAE HES AlX ) ZEA} 315129 Asky &4 9
ZAGHA ] nitrationol] 23 EEAISIE fxsle ZoE B
25o] QItk® whr] ROSE AATOEMA peroxynitrite] ©]
244 S AR Aol 7Fed ALE HI] i, =F
FgoluiXe] 7 ety §8o] 7iXE= ROS &4
< As 2 elr 71&e tlZ 3319 zymosan AE A
23 YAHEFQ RAW264.7 AIXZE o]&3te SA3ATH
(Table 3). A% A3}, 100 pgme] ANEE 7L 725, 4
o] gzl 1 B3 6 BFS A3 BE EFIA
90% ol’d2] ROS &AEA] =3 23U 10 ug/m/el
NEAY 2AGME 7+ 28 ¥ ROS &AZEY Ao/t F
sl Vet 53] 4 BE A 9555 sd 283
A7 G5FE), 128 2860 W 387 microwave FF), L
22 158 B3 (0.5% HCl 32)p] 91% oPde] AA84e B
Fom, 491, s, 159 £ 2AEgo] 12 EFHT} o
=7 ekt olde] A3e Bt 128 Edde tiXAE
2] NO HAHE a8 o® feshs WHH, ROSE AFHoE
aAsRE Bdo| X3F9 g 7FsAol A3l AAEIH

2R C albicans FARA. XS] S5} AxE=
A 7+ w B 3 E24 2 (phagocytosis)e] FEE Pl-$-
Zosith. iz IAEYS e SHske AloEE

Table 3. Scavenging ability of the extracts from Hericium erinaceus to ROSs produced by optionized zymosan in RAW264.7 cells

. % of scavenging
Fraction No.

% of scavenging

Fraction No.

10 pg/m/ 100 pg/m/ 10 pg/m/ 100 pg/m/
Control (-LPS) 0.00! 0.00° Control (+LPS#) 29.89+2.365 -29.89+2.365
1 -6.74+4.774 38.68+2.361¢ 11 60.741+4.913% 93.74+2.562°
2 85.04+ 1.585 97.15£3.137° 12 91.36+2.444% 94.00= 1.940°
3 88.43+1.585% 91.46+2.424° 13 53.58+8.179¢ 96.53+2.394*
4 97.43+0.340° 98.06+1.164* 14 33.98+5.968" 92,66+ 4.002°
5 " 96.76+1.000° 97.80+ 1.469° 15 98.24+0.872° 94.45%2.188
6 -3.814+10.330 33.33+£4.988° 16 63.71+4.586 85.55+£2.811%
7 1.09+10.4111 83.74+2.835% 17 80.84 % 4.506 95,60+ 0.565*
8 69.04+3,155% 90.87£5.011* 18 60.39+2.816% 95,69+ 0.964*
9 74.14+3.720% 96.24+0.944* 19 65.20+1.034 95.82+2.751°
10 -4.531+0.625 97.73£0.835° 20 61.89+1.417% 96.92+0.794*

# at a concentration of 100 ng/m/.
Values not sharing common letter in column were significantly different at p < 0.05.
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Table 4. Candidacidal assay for determining phagocytotic activity of the extracts from Hericium erinaceus in RAW264.7 cells

Fraction No. % of cell killing at 100 pg/m/ Fraction No. % of cell killing at 100 pg/m/
Control (-LPS) 16.324 3.997%" Control (+LPS%) 2621+2261%
1 14.94+2 446" 11 18.97+1.724%f
2 22.70£2.737°% 12 29.77+2.542%
3 22,30+ 1.555%% 13 26.55+£3.396%
4 20.69= 3.605% 14 ; 33.79£2.946°
5 21.03+5.207% 15 11.84+2.079
6 25.98+ 1,899 16 2333+1.211¢
7 2828+ 1.920° 17 15.86+ 137921
8 18.851 1.394%%" 18 20.69+1.034%F
9 18.51+2.107°% 19 © 2287+1961%
10 11.95+1.555 20 19.89+1.736%%
# at a concentration of 100 ng/ml.
Values not sharing common letter in column were significantly different at p < 0.05.
Table 5. Cell cytotoxicity of the extracts from Hericium erinaceus in RAW264.7 cells
o .
Fraction No. Cell viability (%) Eraction No. Cell viability (%)
10 pg/m/ 100 pg/m/ 10 pg/m/ 100 pg/ml
Control (-LPS) 100.00+ 3.883 Control (+LPS#) 9931+ 6.786
1 104.95+£8.309 98.10£9.351 11 103.74£2.200 91.10£4.759
2 105.06+3.989 124.38+4.738 12 94.25+3.267 109.27£3.135
3 96.86+8.250 114.8013.585 13 102.38+4.185 101.19£6.951
4 99.18+3.211 120.7949.537 14 103.44+4.448 96.63+0.858
5 88.22111.396 111.76%6.606 15 10022+ 6.481 91.07£10.067
6 105.92+5.866 96.54+1.985 16 101.0418.049 97.30£2.254
7 103.54£7.821 96.6115.426 17 98.51+£4.247 100.63+0.846
8 90.40+£5.022 116.77+9.133 18 104.36%9.733 104.19£5.996
9 99.0314.601 85.32+5.603 19 100.35+16.981 93.15£2.544
10 102.57+8.572 102.22+3.135 20 103.63£12.173 90,604,741

# at a concentration of 100 ng/m/.

Values not sharing common letter in column were significantly different at p < 0.05.
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EAsle ol LAE ROSE AHsto s A= W
Hel o}, EAzREs ROSY] A Wrlle] vk B oo}
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JME U3 BPF EAE Y F AT & AR
AR FEe HAECN dTERY 2L A
o ol g== Zo)7] wi, AoA Yt RAW264.7 Al
2o EAslel wEitigR #E o] AP Tl
Erh aev B SttERe #Ede A8 7
3l7] HeiM= gel filtration ¥ o223 chromatographyS
sto] hijrige] Rejeh tiEo] shehy, A& Elo] g
2 a7t qirk. B A3 9diy 50% AeEg FEEE
AHEEH microwaveHo] =FgHolAle] tAAE 7sEd &
Fo Fglol &3t <48 + U= 7ol AXEHALH,
Z2FEE SAEE AR Frse o] Hdsi &
Hol A Fage] diFsE jlo], A A7-E I Folth

= &

et &2l o] Alxd kFgHoHAle g o
50% e FEEIo] YA Te B4 nie gHE
m$-20] M EF01 RAW264.7 AlEE ARl 243515
ok A% Z3, NO Aake 2207 99553 #8374 60 Wol
A 50% oNekE2 387} microwaveE FE3F E3o] =3ty &
AR ROSP tigh 2ABFE A7 B AT E55E

3 B33 60 WollA 50% ANEEZ 3R microwave® &

3 28 9 5% HCIE 3235 2804 =4 Jehdth. 50%
AEFL FZd] YoIA 60W, 30W Z 120 WollA 387+

microwave® 523 B8 Eo] RAW264.7 AT Candida
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