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The Antimutagenic Effects and Cytotoxic Activities of Agaricus blazei Murill
Mycelium Extracts and Fractions

Hyun-Taek Oh, Soo-Hyun Kim, Su-Jung Yoo and Seung-Shi Ham'

School of Bioscience and Biotechnology, Kangwon National University, Chuncheon 200-701, Korea

Abstract

This study was performed to observe the antioxidative effects, antimutagenic capacity, and cytotoxic activity of the 70% etha-
nol extract, and fractions, of Agaricus blazei Murill mycelium, using DPPH free radical scavenging ability, the Ames test, and
SRB assay, respectively. Among the fractions, ethyl acetate showed the most effective antioxidative capacity according to the
RCs(73.6 pg/mL) of the scavenging effect on the DPPH radical. The inhibition rate of both the aqueous fraction and 70%
ethanol extract(200 yg/plate) toward the Salmonella typhimurium TA100 strain was 94.6%, and it was 89.4% against the mu-
tagenesis induced by MNNG(0.4 pg/plate). In addition, an identical concentration of the 70% ethanol extract in the TA98 strain,
and the ethyl acetate fraction in the TA100 strain, showed inhibition rates of 80.3% and 76.9%, respectively, the highest activities

against the mutagenesis induced by 4NQO(0.15 pzg/plate). The cytotoxic effects of the

70% ethanol extract and its fractions

increased with increasing sample concentration against human cervical adenocarcinoma(HeLa), human hepatocellular
carcinoma(Hep3B), human breast adenocarcinoma(MCF-7), human stomach adenocarcinoma(AGS), and human lung carcinoma
(A549). A 1 mg/mL concentration of the ethyl acetate fraction showed cytotoxicities of 77%, 83.8%, 82.1%, 83.1%, and 92.6%

against HeLa, Hep3B, MCF-7, AGS and A549, respectively.
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FUdM e sl sEwslolgta g2l Slth vl=
o] Z2ejrie} Fdvle] FU Ao Agele HAoRE B
2 FEE AR gdoE AA ol YT E] 2
A A gEo] gow, ol Me A e EA| T <lF Al
=3 ok A2 ol WAl(dgaricus bisporus)a}h AR
ARk o7t TR Aw gko] Zkstal S & 2]zt gtk
(Sung er al 1998, Foon KA 1989, Lee et al 1998). o] & H &2
= A g R AMEE AT 3ot 2HE, gk A, g A
3, o sl FR 2 E AE 59 el Zgo] 7] W
o ekg-oB % o] & tHFujimiya e al 1998, Regina et al
2001, Hirokazu et al 1988, Itoh et al 1994, Mizuno et al 1990b,
Kawagishi ef al 1989). £}, 3% ¥ oete A4g S &
o)A 5 YE DAL Pololel s T ol
SIS BASIN o AEE sk AAE Eot
datvtn €24 dci(Yoshiko et af 1994, Qun et al 2002).
3] o]2) ¢t FA} el ik = WA A A (fruit body) H
the AR (mycelium)ol] Th FH5o] Qluda BH A THTsu-
noda A 1969). ol7}e] 2~ WAl FARAETko] of e} E
A, FEHA, dAWA 2 A S A v gete] EE
A B FEolA] gt ARo] EjlElon, g E4%
=2 A2 BugYrilew et al 1996, Hyun et al 1994, Lee
et al 1992, Suzuki et al 1989). fE3}, olr}e]F 2 MAle] &
29l Adelggd Q&L f-(1-3)glucanc 2 WA o] £4 &
QA EE e Bl A Eapt v EaE
THMizuno M er al 1998, Nakajima A et al 2002). o}7}&] T~
HAL AR O] tigk ofe] 712 ABe] 84 A7) Qe RE
o]FolA| 51 glom, gl AFTo] FAH A ko] WAl
o2& dHe] ol vl A &4 A7} o FolX 2 S
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2. A8 W=

e He|YAd AddA F e A3 Wo|g(direct mu-
tagen) © &A1 4-nitroquincline-1-oxide(4NQO), N-methyl-N"-nitro-
N-nitrosoguanidine(MNNG)-2 SigmaiHU.S.A)ZEE] 75}
%3 2L, dimethyl sulfoxide(DMSO)+ Junsei Chemical(Japan)<]
Ptk ok A wjge] Wod vz
RPMI 16407} Dulbecco's modified Eagle's medium(DMEM)
2 Hepes buffer, Fetal bovine serum(FBS), Trypsin-EDTAE=
HycloneAHU.S.A)ZHE #9)8tdtt 1 9] 32 &u)|Q) etha-
nol, hexane, ethyl acetate 2! butanol 52| 7] v EF
Alerg AFgigiT

Aol AHgF A EF A A7 F HeLa(cer-
vical adenocarcinoma, human), 917t 74 Hep3B(hepato-
cellular carcinoma, human), €17+ 7194 3 MCF-7(breast ade-

nocarcinoma, human), 217F ${HM 3 AGS(stomach adenocar-

=1 oro.
55 Al

cinoma, human), €13+ #H9FAlE AS49(lung carcinoma, human)
22)51 QIZF A AR ) 293(human transformed primary
embryonal kidney)-= Korea Cell Line Bank(KCLB)& X -€] 4]
sto] AL8-819.0.™ Salmonella typhimurium 1.T-22] histidine
ka7 ¥HolF(auxotroph)= TA98, TA1002] T+ Z=FH =,
w}Z Califonia ™)%t9] BN. AmesZX-E] A2oic)

3. DPPH Z=7{-5(DPPH Scavenging Activity)ol| 2|5t
Ats} &M

ogt

T4 Az FAA Tl a8 ksl D48 £ 64 ti(Choi
et al 1993). A& ol methanolZ =<1 2] B%o] AR E 4
mLe] methanol®} &7 Y231 1.5x10" M %%9] 1,1-diphenyl-
2-picrylhydrazyl solution(in methanol, DPPH)S 1 mL 37}t
T, 3083 bAoA A | 517 nmol|l M FREE St
St DPPH 4276 33] yhEated 273819 o) RCso(res-
trition concentration)2 t)xFe] EAEFE 128 7FAAT|=
g B BN, ol AA B e 42 A
2} FodE 27 (standard curvey2 B3 A% 3R

4. SoiL0|YA Al

=2 = —o 2a

op7tE] F 22 MAl FAMA 259 B YA AEe S
typhimurium®] ¥0]5-Q] TA98%} TAI00-S o] 83} Ames test
£ 7} %3} preincubation ¥ (Yahagi et al 1975)0.2 A3}
ol op7te]Fa BAl FA FEES v A9 9zl
glass cap tubeol] ZH2} 50 puIA) 7}8ta o 7)o} 2] TA culture
w2 o] A 12417F BiSEA|Z T+l 100 «LE 78k ©he- 02 M so-
dium phosphate buffer(pH 7.4)2 A A #Fo] 700 uL7| HEE



17(4): 563~570 (2007)

33tk o] RS 3083} preincubationdl T} histidine/biotino]
H7HE top agarg 2 mLA 7ste] A TS $of nlE] ZA)
3l =2 minimal glucose agar platetol] = Zslm 3 TEIA]
7 37l A 48417 wijokaled A7) Eg] Eedwol(his” revertant
colony)2 73] EAMo|del §7E WHPIAL

5. 2=048{0|2 A A3 (Antimutagenicity Test)
W23t preincubation®(Yahagi et al 1975)°] uk
AES AN, Aol A3 Ho)
A= A Hojd oz de duA & 4NQO9t MNNG
Atk AY HH#A7] glass cap tubeo]] olrle]FE
o BIES 77t 50 pLA Arskeln W
50 pL¥ 7kt ol 7ol du) kA7l
943t Fof 0.2 M sodium phosphate buffer
97} 700 pL7F HEE 39} o] RS 37T
Fe o A71e] EdWeld dEn
g EAEddo] 5 A3}
of EA& WAL 74 A5 Woldd
d& Folo] 2 en, FEAw
A o] FAdo] 3t A E2] 9A|-E(inhibition
S Al el oA L 33 wE
tod BEAE HEAH
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6. Mz SAo| £Z(SRB Assay)

Al il J4 S o] g3l M Floly BAE 33
&}= SRB(sulforhodamine B) assay(Martin & Martin 1997)E

A 7S] gt B4 dolrE a0 g ALgsith & 10% fe-
tal bovine serumz}t Z+7re] M EEQ] S17F AR E
(HeLa), 217} 7FobAl E(Hep3B), 17t S-H2bA) T(MCE-7), <1
ZF A E(AGS), 27 H A E(A549)9F Q17F Al Abal
F(293)2 &-5-5H= RPMI 1640 HIA|] = DMEM Hj%| & 5x
10* cellymL %2 100 2LA 7} welldl] H7}8l] 24413t =
&+ HIK37TC, 5% COTt & 2t welld Al RE 0.25, 0.5, 0.75
2 1 mgmLe] F=7} H&E 100 £LA H7ste] ThA] 484]
ZF B 37T, 5% CO; wiF7) oA vjgataATt. 1 & 35
< aspirator2 2AIAHA A A WA RS 10% (W)
TCAE 100 L H7}8la 1A17F Bt 4T W3t 5 2
FrE o 7T Plate® A2 270l AZAZ

oplelRe WA B F5F 2

929 gEddoldyd 2 AxE 54 2 565

T 1%(v/v) acetic acidol] =<1 0.4%(w/v) SRBE-l 100 uL&
A7) 303 Bk JAAZTH AekA) % SRB G L
AABE7] A8l 1%(v/v) acetic acid &R0 2 U] ¥ A|H3}Y
L A&7 Azd plate% 10 mM Tris buffer 100 #LZ
AL F5-3] 59 3 540 nmol| 4] ELISA reader® F%%
25990k AE 4L 38 Mol duaglen 3
Re o] o] g3tsTh

r:Um\muR:L_

1, SHAKS} BHAS

opelTa WA B 2583 F4d B $EEe)
a8 T3 G=AS 8] Ashel 242 DPPH fiee
radical &2 499 A= Table 10 Yehjdc) A1 89] &
2t} A= ethyl acetate -8 B0l A RCso Fto] 73.6 pgo 2
A 7V w8 FakElsS vehglen, 70% ethanol®) buta-
nol -8 Eol|x 2] DPPH &A% 9A] 242} 17073} 137.7 pgl.
Z Al89 ethyl acetate EHEH T} & A8 Jehy 9k

AR ERCIE BB 1A 0% ethanol 35
o i3 Beol Y AL HASHAOH, T ATE Tble
20l YRR &4 tiETe] 24 Sl A7t TA
98| A 2042, TAL00°] A 176+6019) 1L, 70% ethanol Z&5-&
50, 100, 150 %! 200 pghplateo] of2] FE=2 Hrlsle] A&t
27 W47 24 ved vstel = 929< Uehj
A gonz oelRa A T FEEEe Savold
g JehiA e Ao Bt

Table 1. Electron donating ability(EDA) of 70% etha-
nol extract and each fractions from Agaricus blazei Murill
mycelium

Sample RCs"( 1 g)
70% ethanol extract 170.7
Hexane fraction 4713
Ethyl acetate fraction 73.6
Butanol fraction 1377
Aqueous fraction 315.1
@ -Tocopherol 13.5
BHT? 16.8

D Amount required for 50% reduction of DPPH after 30 min
% Dibutyl hydroxy toluene.
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Table 2. Mutagenicity of 70% ethanol extracts from 4ga-
ricus blazei Murill mycelium on Salmonella typhimurium
TA98 and TA100

his" revertants/plate

Pose(ghplae) TA98 TA100
Spontaneous 202" 176+6
50 21+2 18244

100 2243 17946

150 19+£2 163£5

200 181 169+4

" Each value represents the meantSD of three plates.

3. gEiolEd 4¥
opte) 2 WA AR 28 2 7t B89 F5

ol¥dA AEL S yphimurium TAIST} TA100E o] &3

5
o, Wolgle.zi Bl Ul 34 0E
R, 22 1 AA 2N SAR0|E FuelE 2 5
<l 4NQOg MNNGE AH8-3t4itt W
£& AEs] g gEArioldd A oM E S -
phimurium TA100 7520l 217 ol MNNG(04 ¢ g/plate)
Z o &3lo) EAMe)E FENE W MR T S
2} oA P4 Fretem ol Fig 1o Uehliltt A= &
200 pglplatecl|A] cthanol F&5-8 |23 7} RE B9 &

100

80

60 - N

40

Inhibition 1ratio (%)

20 H

0 T T T T
0 50 100 150 200
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Fig. 1. The antimutagenic effects of ethanol extract and
each fraction from Agaricus blazei Murill mycelium on the
mutagenicity induced by MING(0.4 pug/plate) in Salmonella
typhimurium TA100.

@ : Ethanol ext, O : Hexane fr., W : Ethyl acetate fr., v : Bu-
tanol fr., ll : Aqueous fr.
" Each value represents the meantSD of three plates.

Kolrlol RAEELGHE
wo] o] EIr} B 80% oS VEh).on, 53] aqueous
323} ethanol FEE-2 217 94.6%9} 89.4%2] =& &
o] §3HE JERHSITE MNNGS} v o] & & 23]
olglo & Xl ANQO(0.15 pg/plate)ol] &fs EA™Me7} K
‘:’E% S. lyphimun'um TA98%} TA1009] T3t Al 52| A
| 84£ Fig. 2¢] YERAATE TA9S wt=ol] thsh A3 A3,
1= %5 200 #g/platec]| A} 70% ethanol F+ZE-<] 803%= T}

‘

(o2

8]

>

Z FEET HE 5 5] A4 AHE YE e
), 235 o)A ethyl acetate F-&]E0] 77.1%2] =
o] @AE Ho] 74zt 56.0%, 65.6%} 55.0%2] E¢iwo] oA

B35 e hexane, butanol 3 aqueous FE E R T} v H
=2 848 YePNT) S yphimurium TALOO T522] 739
ethyl acetate %253} 70% ethanol FZE2] F%=7} 200 pg/
plated W Z}7} 76.9%9} 71.6%2] FEH o] B4 WEh]
Atk 53] ethyl acetate w8 E2] Z-¢oll = 150 ngplated] Al
B FRAA R 70% ol gEdie] &5 VERllen,
&2 B850 A A8 % 200 pgplateo] A hexane, bu-
tanol ¥ aqueous F-8E2] EHo| A 3= 2+ 65.0%,
53.3% B 68.3%% HERARICE 3 BE A 223
THEY wE7t Sl wel Hol €l MNNGS} 4NQO9
U2 TA9SH TAL00 752 5o 9A) §3= &8l
o} o)de] AFeA vehRe] EAvielddel sloiM 70%
ethanol F&E2] 2% thE £ &7} vuste & =99

ol oAl E3E Vel eH, Edwoldd 2 THER] &3k

100

TA 98 TA 100

m - -
_
g
‘g 60 1 3
=
2
£ 407 ]
i
=

20 . -

0 T T T T \ T T
0 50 100 150 200 O 50 100 150 200

Duse (ug/plate)

Fig. 2. The antimutagenic effects of ethanol extract and each
fraction from Agaricus blazei Murill mycelium on the muta-
genicity induced by 4NQO(0.15 u g/plate) in Salmonella typhi-
murium TA98 and TA100.

@ : Ethanol ext., O : Hexane fr., W : Ethyl acetate fr., vV : Bu-
tanol fr., ll : Aqueous fr.
D Each value represents the meantSD of three plates.
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). Ji et al(2000)2] o}7}e]FE A B Al methanol S=&E-< o3k
AT AlE FE 200 pg/plaed ) B8 FEE A 60%
olAte]l EAMo] oA FWE YehitheE ZAute} vlwets
< u B Aol 70% ethanol & Eo| o] £ FEAWHo
EHE YeRAATE Lee & Oh(2005)9] FAIH AL <=2 £4
Eo] gEdfo] Aol tigh Aol A aqueous ¥ E2] 3
Aol go] A3 glrte Hael vlwsie] & AolA] MNNG
o o9& Edo|7} FE TAI00 T3l 4] aqueous E& 2
o] EdWo] A EI} M6%E w5 B2 dEAHTS
vehjjo] gt AnE BoFQth o] o] opyle]Fa
WA FAA FE2E 9 2 BEEL AR WHoldl dis =
& Aol oA HE el e, o] o] 273k ¢
JollA] dofd 4= 9ls o] fdol Ot A EHE v
etk o ALRET ot Al FAR Y] EHREo] QL
£ B-(1-3)-glucane] WA 9] & S} A|A AR ]
HAlS oA 5] Wl EQl Ao g HoltiMizuno M et al 1998,
Nakajima A et al 2002).
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Fok A SE(Hep3B), Q17 -S-HFQHA| (MCF-7), 917t 99t
(AGS), Q13+ H A ZE(A549)9}F Q13 4177 Al 3£(293)
o] &ste] oprte]Fa WA FAA 70% ethanol FZE-7
BEEEJ th3le] SRB assays A5t} Hela2] 7
A8 =5 1 mgmLY o ethyl acetate} hexane ¥-£]E-o|
A 242} 77.0%9} 75.6%2] A A <A Z3E Jehid
tKFig. 3). Aqueous, butanol B2 E 2 70% ethanol F=Z& %
A AE B FA] 22t 7T49%, 74.5% B TLT%E WER]
22239 R E BN 70% oo e dAxE 43 9
A B} e Ag GASATE TR R QIR A2
o] Hep3BollM % 22 AE =9 | mgmLY W) ethanol F
257 7 Y59 X 54 53} 70% o) delen, &
%] ethyl acetate®} butanol & 22 z}+7} 83.8%9) 80.4%2] =
& AE A4 AA S JEMATHFig. 4). A AR
91 MCF-7¢|4] hexane, butanol 2! ethyl acetate 22 217} 88.3%,
85.5% % 82.1%2] A E7E JERAATE 80% ©]/Fe] o
A EE JehlR]= &A1 70% ethanol 2537} aqueous
B BoM = Z}2F 76.6%%} 75.7%9] BluA w2 AE 54
w37 Ithe A & S UATHFig 5). AGS] thah 2+ Al
29 A4 oA A7E Fig 6ol YeEPUTE 7MY &2 A
FIE YUERA ethyl acetate £ 52 83.1%F YEMISI oA,

B
I

N

Jo 4

g Ee dEdueldd R Ax 54 83 567

70% ethanol 2%, hexane, butanol, ~12]31 aqueous 3 &
0.2 7h7} 71.2%, 76.1%, 712% 2 67.1%2) ol4] A= 1}
ERNATE 3L, ethyl acetate £8) E-2 <17 #3290 A549
of that M EAo] 92.6%E Hold ZAoR Jehgon,
70% ethanol 5Z%7} hexane ¥ & HA] 217} 88.4%2} 86.9%
2 &2 AX 54& JeAckFig 7). T3, 2] oAl
et A% A B3 BE BEE w29 St w9

100

80

(=24
o
1

Inhibition ratio (%)
'S
o
L

20

Dose (mg/mL)

Fig. 3. Growth inhibitory effects of ethanol extract and
each fraction from Agaricus blazei Murill mycelium on human
cervical adenocarcinoma(HeLa).

B : Ethanol ext., : Hexane fr., . Ethyl
acetate fr., B : Butanol f., : Aqueous fr.
" Each value represents the meantSD of three plates.

100

Inhibition ratio (%)

0.25 0.50 0.75 1.00

Dose (mg/mL)

Fig. 4. Growth inhibitory effects of ethanol extract and
each fraction from Agaricus blazei Murill mycelium on human
hepatocelluar carcinoma(Hep3B).

B : EFthanol ext., : Hexane fr., . Ethyl
acetate fr., B : Butanol fr., EEE2E] : Aqueous fr.
D Each value represents the mean+SD of three plates.
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100

Inhibition ratio (%)

0.25 0.50 0.75 1.00

Dose (mg/mL)

Fig. 5. Growth inhibitory effects of ethanol extract and
each fraction from Agaricus blazei Murill mycelium on human
breast adenocarcinoma(MCF-7).

B : Lthanol ext, : Hexane fr., R : Fthyl
acetate fr., B @ Butanol fr., : Aqueous fr.
Y Each value represents the meantSD of three plates.

100
80
2 60 7
5
=
g
-]
= 40
2
=
20
%I X
0 Z: 4
0.25 0.50 0.76 1.00

Dose (mg/mL)

Fig. 6. Growth inhibitory effects of ethanol extract and
each fraction from Agaricus blazei Murill mycelium on human
gastric carcinoma(AGS).

B : Ethanol ext., - Hexane fr., : Ethyl
acetate fr., B8 © Butanol fr., : Aqueous fr.
D Each value represents the meantSD of three plates.

flo 12
|o

2 Z7131th A8 ARl B X dE AL =
obr 312} 917F AlAF AAFA LR 2930 vlgk 47 <
EHE AT A} 40% v|vre] e FHE e S B
g 4= QIlth(Fig. 8). Bl YAIMA FFEZ Helaol tigt
T £4& 479 Song e al(2003)2] 735 5 mgmLe] AR
FEoA 16% o]ate] w& A g3e vehd videl] 2 A
FHol| A HeLaoll tidt F+£82 7+ $8&2] Al A% <A

ro 2 ox
J ‘Ti )

=

HokA o} R Erss

100
80 7
E 60 - .
= %
£ %
5 40 %
z .
.
20 /
.
7
. %

0.25 0.50 0.75 1.00

Dose (mg/mL)

Fig. 7. Growth inhibitory effects of ethanol extract and
each fraction from Agaricus blazei Murill mycelium on human
lung carcinoma(A549).

B : Fthanol ext., : Hexane ft.,
acetate fr.,
 Each value represents the meantSD of three plates.

: Ethyl

100

80

60 -

Inhibition ratio (%)

0.25 0.50 0.75 1.00
Dose (mg/mL)
Fig. 8. Growth inhibitory effects of ethanol extract and

each fraction from Agaricus blazei Murill mycelium on human
transfomed primary embryonal kindney(293).

B : Gthanol ext, EZZZ0 : Hexane fr., =4 : Ethyl
acetate fr., BEX2XR : Butanol fr., B : Aqueous fi.

Y Each value represents the meantSD of three plates.

Fh vl E=A JERgeh olrbe] 2 WA AHEA 2
B0 oM Z AR A E9E AT i er al(2000)2] A7l
A ethyl acetate #-2)E-0] A7 ¥%=7} | mgmlLY 7% Hep3B,
MCF-73}+ A5499) that Ak A &3 2hz} 89.1%, 96.7%
2 86.1%S Jepdtta Husielon, 2 A e FAFS
ANE A 4 i) ol optelFa WAl A A 9 i

AHle] eogAst A e Az 893 Bt
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Zb Azt Al 2olE FFE HER Ao Bl
e A HE

L4

ob7te] Tt~ WA A tig A 7]F
3171 9)3}e] 70% ethanol %53} hexane, ethyl acetate, buta-
nol ¥ aqueous W& ES F49 Ao|F o] & BElatIe
o, o] & A A3} aksl €42 DPPHE o] 83t
of EDAS RCso( pg/mb)gto.2 Uehigit). A8 23} ethyl
acetate ¥8E9] RCsgto] 73.6 pgs JERY 713 Hold
DPPH free radical 224 %5 & B9t} Ames testE o] &3l &<l
g Aol FEAW U diE Ade 2, Al
F2HA 9] E2dRoldd2 gller AR B SVl wet
FEAHoldAdE S7HIATE 23 ol MNNGe| ¢
3 Edol7t 2 TAI00 T3 el A8 %% 200
pgplatec]|A] BE B2 &0 oA &7} 80% oo 2 e}
oM, aqueous {-E &2 A9oE M6%E 4 £EE T 7t
Z Hold Aol d & et Blolel o2 aNQO
Z AHg3te] TA98T} TAI009] E¢i¥ols FEsldl S o
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