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Antioxidant activities and biological properties such as antimutagenic and cytotoxic effect of Phell-
inus linteus extracts from different extraction conditions were measured against Salmonella typh-
imurium and human cancer cell lines. DPPH free radical scavenging activities of the extracts were
higher in the solutions extracted with ethanol (17.14) and ethanol after water (17.79), respectively.
In the Ames test, ethanol extract of P linteus alone did not exhibit any mutagenicity but showed
substantial inhibitory effect against mutations induced by N-methyl-N'-nitro-N-nitrosoguanidine
(MNNG), 4-nitroquinoline-1-oxide (4NQO), and benzo (o) pyrene (B(c)P). The extracts of ethanol
and ethanol after water of P linteus (200 pg/plate) had the highest inhibitory effect of 61.5 and
60.9%, respectively, on the mutagenesis on S. fyphimurium TA98 strain induced by B(w)P.
Extracted solutions of ethanol and ethanol after water of P linteus showed high antimutagenic
effect against MNNG, 4NQO, Trp-P-1 and B(o)P, causing mutations in S. typhimurium TA100
strain. The anticancer effects of P. linteus extracts were investigated against human fibrosarcoma
HT-29 and human hepatocellular carcinoma HepG2. The treatment of 0.5 mg/m/ of ethanol, etha-
nol after water and water extracts of P linteus had the highest cytotoxicity of 59, 57, 54%, respec-
tively against HT-27 cell line, whereas low cytotoxicity effects were observed against HepG2 cell
line in the range of 10~30%. The ethanol and water extracts of P linteus also showed the nitrate
scavenging ability at different pHs. The ethanol extract showed higher nitrate-scavenging ability
compared to water extract of P linteus.
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AZE dhr, 7154% 20 gIE S, ethanol & F22E 80
°C, FZAIZ 4hr, 7 S0 IR 2T 23dbHe
AME E9 ethanols: ZF3IY F, ethanol(13} 55,
B4 T EF, 5 F ethanol, ethanol = ethanol, ethanol &
EFAt FEEZ AT

dold Ed. A3 E9¥HolY9  N-methyl-N-nitro-N-
nitrosoguanidine(MNNG), 4-nitroquinoline-1-oxide(4NQO)Z+ 7+
H ol benzo(a)pyrene(B(a)Py= PI Sigma 3|ALE
FE FUIFAL, o] WHolYd EFL dimethyl sulfoxide
(DMSOYl =o] gl AMg-stT).

MEF 9 g Aol AMES NEFE WATE Al 7H
M E HepG2(hepatoma cell, human)®} A3 A E HL-
29(colon carcinoma cell, human)y& ARS8l Th HI29 celle
RPMI-1640 ®{A]el 10% FBS(10% heat inactivated fetal
bovine serum)®t 1% %AYA)(penicillin G/streptomycinye H7}t
sto] W8l 2m, HepG2 celle MEM ®iX]e] 10% FBSSH
1% FYAE kst MY3ATh. o)F MEFE 37°ColA

5% COLN A-ZAIA wiksidem, 2-3dnict Al wjgsiHA
Aol AMg-FTt.

P 2. ksl @92 7 AEe] 2.2-diphenyl-1-
picryl-hydrazyl(DPPH) radical™l] ti$t 2AEHE AN
o, cuvette Wl F=3 test sample3} 300 uM DPPH £ (F
F=7h 1.00] HEF &4 F4)e B3 37°Celx 3087 v
& F 515mmollA thETe}t A|ETete] F3% zlolE 48t
Ak AlEHE e 9% A& DMSO7F X tize} H]
w3l ARKSIAL IC, 7 50% DPPH free radicalsS: #|ojA]
e ABEEE AT

EQH0|IA AY. N FEEY EA0|Y e
S, typhimurium®] HOlFES] TA9SY TA1002 ©]831 Ames
testZ 7N 3} preincubationd 702 AAEAT} AHA &
22 v AF EFAF! glass cap tubecll ZHE 50 p2A 7)st
2 o719 wE] TA-culture®l] X|(Difco nutrient broth 0.8 g,
NaCl 0.5 g, /7T 100m)elA 3EEF viYAIZL #4100 w/
Z 718k T2 02M sodium phosphate buffer(pH 7.4)2 AA
2ol 700 Wt HEE 3tk o]AL 3087} preincubationdt
th2- histidine/biotin®] F7HFE top agars 2m 7S] & &
35t Fol vjy] ZA8] L minimal glucose agar plate 7ol
TRl B ISHAA 37°CollA 48A17F wigste] 7] B
EAHO|(His" revertant colony) 75 2743l E¢HolgAd]
& Wgdstdrh

PEAHe| UG AY. JEAH| Y] ATl AMEE IE
Z& MNNG 4NQO % B(aPE ARS3IATE ¢ HHAR
glass cap tubedl] WA FE2EE 7 50w Hrkstal ¥
olgd 24 77t 50 W VIS thy drEAEZe] East A
Folli= £ AgAdAN Maron?} Ames?9] ol wel Alxgt
rat®] 7} microsomal enzyme mixture$! S-9 mixE 250 W
¥zt Z71sldnt. o719 = ARl FHE 100 e F
Y4g ¥ 02M sodium phosphate buffers 718le] FHEFu7}
700 u/t H=E ). o)AE 37°ColA 3087 WE st
T 719 Egdoldn A 22 WHoRE disie] A
A9 B Eddo] 8 43l ¥ 88 FFE
WAt AN FE2EF Blold 239 FET AV
Ag Fatd AA3H o el B2 wold £
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Inhibition ratio(%)= (M — S, (M — S,) 100
M: EQHolle EAY A9l B el 25
Sy A B EAe] &
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MTT assay. SHA 72 559 HE € Z4 742
o] Z2 oA 3= Green™ 52| Wl ulgl MIT assays
ol g3t AEIATE. MTT 42 Al DRd G o)%
gt A F2olv 5A4S SAste WHOE 10% fetal
bovine serum % Z+7+e] HepG2, HT-295 &3t RPMI
164034+ MEMHIAIE 1X10* cellsml =2 200 u2 2 well
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A7yste] 48A17F Bt OA BT 1 & e
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3aks B assay. A 7
radical scavenging £4-2 &A% A3 HEAoR A4 A
2|3k AET} ethanol® A 2|gt Ao] HA VERESH, ethanol
g4 T ethanol, ethanol - ethanol, 22|37 < % E4 &

o2 7 YelTK(Table 1),

Table 1. Antioxidative activity of Phellinus linteus extracts
according to different extraction conditions

Extraction condition Extraction efficiency DPPH*

(mg/ml)

Ethanol (80°C, 4 hr, 50 g/f) 7.67 17.14
Ethanol (30°C, 4 hr, 50 g/I) 141 2137
after ethanol (80°C, 4 hr, 50 g/l ’ '
Ethanol (80°C, 4 hr, 50 ¢/I) 6.05 17.79

after water (100°C, 4 hr, 20 g/I)
Water (100°C, 4 hr, 20 g//) 1.86 7036
Water (100°C, 4 hr, 20 g/l

after water (100°C, 4 hr, 20 g/l)

Water (100°C, 4 hr, 20 g/l)
after ethanol (80°C, 4 hr, 50 g/l

0.67 25.27

0.37 4332

*DPPH used for testing free radical scavenging activity (ICy,: pg/m/)

Ethanol, 2212 ¥4 F ethanol2 Table 13 o] z+z}
17.14, 18.15 pgm/=. vi-$- =& sl 498 veplidith &
3 I 3 A Vw2 B9S JERiA, Eaet v
el 432 et F20 oM E40l A WEs
A ethanol FEEY IFEE Fol PSR ol87FsA
ZHAME ¢ 25 HoF AzEnh DPPH free radical
scavenging B AAISIA 7 QFF S free radical DPPHS}: ARt
-3}, hA) 1,1-Diphenyl-2-picryl-hydrazine > 3= 73
T2 ke W g AE FEEEY s g
bioassay-guided fractionation A]9l ©]&-Fo{xIT},

Lee'V7} 70059 22532 E2RE st 4s A
Al IC,, #Xe] 200 ug/m! olatllA 80% ol AAlshe e
Aol = Fog TR L F 102F0] st &40
Urie Ry wFo] BW FEWA FE2E9 IC,, w2
ethanol®] 73-2-= 21.37 pg/m/ ©|5F HH=E DPPH free radical
scavenging activity:= WI-$- =& Z1O02 HrHEAL, Eo A
L= 252744 7036 ug/miE UERGTH

Ames testol] &5 sH=Awo] &3} S nphimurium TAIST
TA100S ©)43 Ames testE B3 2 SHNEZY) 59 &
oio] FeEkR= TA9SO] 3845, TAL00S 193+80Id 7, 7k 5
Z55 Arisked A9 Zdy JF3grt Szl Hlgke]
FEOEYS UERIA orE o] AN FEELS W
194 2 =248 Yehlir] 2 Zo= wdErh
TA100 el tiste] Hduield =22 Al DNAC
Yo &4 Fo EddelE fddhe Axwold &
¢l MNNG(04 pg/plate)t 4NQO(0.15 pg/plateyl dist =<
o] A EHZ A A Table 29F 2t} 27K WolHd
ol th3t A& FEFTY wE SRS RAF,
cthanol H8E0] G4 FEEHT JAoE &2 JA&E
Hth MNNGe| thallA= ethanol & Al 70.7%= 7H =
& AAeL YT, EF F ethanol FET 50% olFe] YA
&2 B3tk 4NQOd tisiAE ethanol & 62.9%, 5 F+
ethanol F&°] 5297 50% ool Al vl

A Aol dAEEE Azl T Woldg veiER
in viro Z7A00A Wolfle] S S5 S9 mixE FE
= 7PEHolUE AR B(P(10 pg/plate)dl] thek FEdArdo]
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Table 2. Antimutagenic effect of extracts of Phellinus linteus against mutagens on Salmonella typhimurium TA100

Extraction condition

Extraction efficiency

Inhibition ratio (%)

Ethanol (80°C, 4 hr, 50 g//)

Ethanol (80°C, 4 hr, 50 g//) after ethanol (80°C, 4 hr, 50 g//)
Ethanol (80°C, 4 hr, 50 g//) after water (100°C, 4 hr, 20 g/l)
Water (100°C, 4 hr, 20 g//)

Water (100°C, 4 hr, 20 g//) after water (100°C, 4 hr, 20 g/)
Water (100°C, 4 hr, 20 g//) after ethanol (80°C, 4 hr, 50 g//)

(mg/mi) Dose (ng/plate) VNNG® INQO"
767 3835 70.7 629
1.41 70.5 434 35.1
6.05 302.5 60.9 529
1.86 93.0 40.7 339
0.67 335 23.2 20.4
037 185 14.6 6.2

*Dose of MNNG(N-methyl-N'-nitro-N-nitrosoguanidine) is 0.4 pg/plate.
*Dose of 4NQO(4-nitroquinoline-1-oxide) is 0.15 ug/plate.
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Table 3. Antimutagenic effect of extracts of Phellinus linteus against B(o)P (10 pg/plate) on Salmonella typhimurium TA98 and TA100

. » Extraction efficienc Inhibition ratio (%)
Extraction condition (mg/ml) ¥ Dose (ug/plate) TASS TALO0

Ethanol (80°C, 4 hr, 50 g/}) 7.67 383.5 61.5 54.2
Ethanol (80°C, 4 hr, 50 g/l) afier ethanol (80°C, 4 hr, 50 g/l) 1.41 70.5 45.0 29.7
Ethanol (80°C, 4 hr, 50 g/) after water (100°C, 4 hr, 20 g/l) 6.05 302.5 60.9 50.4
Water (100°C, 4 hr, 20 g/l) 1.86 93.0 40.0 304
Water (100°C, 4 hr, 20 g/]) after water (100°C, 4 hr, 20 g/]) 0.67 335 28.9 132
Water (100°C, 4 hr, 20 g/l) after ethanol (80°C, 4 hr, 50 g/l 0.37 18.5 263 -

Table 4. Growth inhibitory effect on the human cancer cell of Phellinus linteus extracts from different extraction methods

Extraction condition Extractidn efficiency Dose (mg/m/) Growth inhibition (%)
(mg/m/) HT-29 HepG2

Ethanol (80°C, 4 hr, 50 g/1) 7.67 3835 55 25

Ethanol (80°C, 4 hr, 50 g//) after ethanol (80°C, 4 hr, 50 g/) ‘ 1.41 70.5 15 10

Ethanol (80°C, 4 hr, 50 g/) after water (100°C, 4 hr, 20 g//) 6.05 3025 54 25

Water (100°C, 4 hr, 20 g/l) 1.86 93.0 10 8

Water (100°C, 4 hr, 20 g//) after water (100°C, 4 hr, 20 g/l 0.67 335 - -

Water (100°C, 4 hr, 20 g//) after ethanol (80°C, 4 hr, 50 g/l) 0.37 18.5 - -
o] 60.92%%] FEHo] 34E e, TA100 &TOM o] IA&S Byt 7 FE HepGrel 7% ethanol &, &
+= ethanol B 4 F ethanol FEE0°] 50% ©]39] AAl&S T F ethanol FZ0] 25%F A MEL] HT-2990 v]3)] ¥
BT, QUEDIMLE vt 210l ek EE = & DA Uehiolh WE 4 FEEE 9 BE 05m
kor, ez AL JUlFoz ¥ A aHE B miZ 5o A] HT29 MEol| thsXe ethanol $F 59%, BT
o] Aikz A9 Fol goﬂ 5] F&3 £YEo] ethanol = FF 54%, BF F ethanol FE 5T%R 50% oo JAL&E

3 3= vlgle] AiFoz g5 tﬂoizlu}z B7E
s 7101 A F&Fo| ANHOE ethanol FE2ERT) o
o] a5 YepIY.

’e}%ﬂ&! F2E9 GAE F4 94 &} MIT AN
96-well plateS AMS-3PH FAAFAFE ELISA reader(Multiwell
microplate readen)E ©]&-sf] W& AEE 7Hdsh A=
A ME=A F AZZ2 YO ZA sulforhodaminB(SRB)
AR} vl Eo] de] AMEI Qs assay 59 g Woth
AL A9 oA mEZ=Eole] Bt T4 A
o ol @b £8A MTT tetrazoliume A4S uj= H)
849 MTT formazan® 2 $-A1ZITh MTT formazan® &
FeE 550nm A FHFAA Azt HA, ol drHem
P AE FEE wHgsis Aotk

el heAIE <) FSS(EJWOM b

AL iR AN S

o7t whg Fad 8-S s el WerEHo) Mo
olzkz HellA 3&‘%@:‘401 IS Vel 20 g 84
2 7 slve AL orlE 7F FEEE0] 4, 7
el Hhelel e FEe] BAE UemlonE, o
Z 22 IA G99 in viro AA HPE F9] IRl MTT

assay*e* o]_g_»;g],oq Ag}_ O]—,q].\_i_,] A _d/d_g _zq o].ﬁ;} )\]-§]-
WA FEE] 93k X AR JAIETE Table 49 VER
Atk Zt FEEE0] AR A AlZQl HT29¢F 7RI E
% HepG2oll thst IAIEL FEEkol wE) S71Ee HoE
3L, ethanol & E0] E FEERD HUHoR &2 oA
£ R HT29 A2 tlsire ethanol 2 Al 55%=

ethanol F=% 50% o4

7]'11— nw_ ‘ﬂz']]’é*_" H%{—L g :?;

Yehlidar, E3] ethanol F53 E4 & ethanol FEoA=
0.25 mg/m/ F=0lA 50% odel HE FA JAEAE Y
ERNITE. 28 7HAIE HepG2el 7% ethanol $20] 30%
2 Z23Y AxQ HT-2901] Hlg v)zA e @4 ey
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Table 5. Growth inhibitory effect of extracts of Phellinus linteus on
the human cancer cell

. . Dose Growth inhibition (%)
Extraction condition mg/m) TT29  HenGo
- ep
0.50 59 30
Ethanol (80°C, 4 hr, 50 g/l) 0.25 53 19
0.10 25 15
hanol (80°C, 4 hr, 50 g/l) 0-50 2 2
Ethano ° r, S
> > . 2 17
after ethanol (80°C, 4 hr, 50 g/) g ?3 2; 1
Ethanol (80°C, 4 hr, 50 g/l) 029 > 2
thano °C, :
after water (100°C, 4 hr, 20 g//) 8?3 i; H
0.50 54 27
Water (100°C, 4 hr, 20 g/) 025 37 15
0.10 8 8
Water (100°C, 4 hr, 20 g/l) 050 3! 10
ater °C, 4 hr,
after water (100°C, 4 hr, 20 g/l) g?(S) 30 8
0.50 21 7
Water (100°C, 4 hr, 20 g/i) 025 10 3
after ethanol (80°C, 4 hr, 50 g/l) 0'10
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Fig 1. Nitrite-scavenging ability of Phellinus linteus extracts.
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Phellinus linteus®] AEA] QFFEEE 2371429 bl A
A&7}t Sle ASR R 1 ol %@hﬁﬂoﬂ ek
we 04'37‘7} A=) gom FAR vl FE2EZHEH HY

5}/\-1 m 5 dY-:zL)dt: olz.ggiﬂrw)

°]‘§"“‘§ &A% Fig. 1= 48iAlel det ethanol®] 5
27000 W} obdA 2%5S doln) 15 B9} ethanol
i AetAS W I E ethanol FZE R0 obgAry
Ao Vet er, @55-E5¢l Y3l ethanol FEEo] 24|
ol A VEldTE 53] pH 3.0004 E5asgEa Svigs
Eo] opaitdATol Z47) 30.867 94.16%31 Ao, pH 4.2
ANE 6675 4642%% F&3) TAshe AFS BT
ole A#AE FHEY T FE2NN FET 3
WAle] 715 BE @ JeAHe] dEaAE Pads
m FFFEEel YIsk] ethanol FEEC] JHYoR FEE

o Yk /5 BE $5%L L 5 Uk

aAel =
£ BYHERIEA vlo QA e AR ] A
B Aol g RYOE olo] BA=HIT,

Al i T FEEE st B9 e
OVH /“ﬂ_‘?_ d 5o AETH E8L S ophimurium AUA
= 9Tt DPPH free radical
scavengmg S &3 e aHE AR A g9eE F

gt ZET ethanol® A2)gt Ao Al Yelko™ | ethanol

&3 € T ethanol = Al ZH} 17.14, 17.79 ug/mis. =)
T =2 A 248 YEhiIT. S gphimurium TA98L
TA100S ©]83 Ames testolX+ FFHHol9l &2 MNNG
o} 4NQOd Hig EdHe] JAEAE FARE Axke 271K
Holg B4 gt A& FE2EY w9 Y] FUs
o2k H]alxqoi F7HEHE HAFTAL, MNNGO| disix=
ethanol FEFEC] 70.7%= 7FF =& JA&S BT, 5%

nEl E

ethanol 2 Aol 50% olde] oA18-8 BTh 4NQOel o
A= ethanol =FE 0] 62.9%, B4 ethanol FEE0)
52.9%2 50% o] JAE-S veRQIth el A
B(a)Pol rﬂﬂ BEdWe] 3 TASY TAI00 + 45 &
T ethanol F250] 7} =& AAEE BT = TA9S
F= cthanol F2E 61.5%, €55 ethanol FEE°] 50% ©)
&2 ﬂl@ﬂﬁ'ﬂ | 2345 Yeplidlen, TA100 #FolA=
ethanol A F ethanol FEE0] 50% ol’Fe] A

Mt‘r. SN FEE g GHE Y AXEAE
AFJPJ At xﬂ OL HT-299} ¥ Q] HepG2el WA=
= ilr_toﬂ UC]—E]— _7:_7]-6]-
EO%%%J ethano %Q%Ol %‘# FEERD JFos
=8 JA8-S HYUh v AR 0.5 mg/m/ Fo] Al HT-29 Al
Zo| shA ethanol FE& 59%;, A FEFE 4%, €55
cthanol 25 57%%Z 50% ©132) Mxﬂr YeRiol e, 53]
cthanol &L I 5 ethanol FEFEONME 025 mgm! &
ZolA S0% o) de] YME T2 AAEAE vepisich 28
3 7RHAE HepG2el 4% ethanol FEEC] 30%= 274U
AEZQ HT290 Hla) ‘ﬂ“’@ o g8 JEISIY. Ethanol
F2E3 A4FEELS US pH 7oA ol &A%
< RoF9lon, EHXﬂi ethanol F&E0| E43EE Bt &
L gAE HAREQT
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