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Abstract

This study was performed to determine the antimutagenic and cytotoxic effect of Agaricus blazei Murill
methanol extract on Salmonella typhimurium TA98. TA100 and human cancer cell lines using Ames test and
cytotoxicity assay, respectively. In Ames test. methanol extract from A. blazei Murill did not exhibit any
mutagenicity and most of the samples showed high antimutagenic effects against mutation induced by N-
methyl-A-nitro-N-nitrosoguanidine(MNNG), 4-nitroquinoline-1-oxide(4NQQ), 3-amino-1,4-dimethyl-SH-pyrido
[4,3-b] indol(Trp-P-1) and benzo(o)pyrene(B(c)P). The methanol extracts of A. blazei Murill(200 pg/plate)
showed approximately 92.4%, 81.9% and 83.4% inhibitory effect on the mutagenesis induced by 4NQO, Trp-
P-1 and B(o)P against TA98 strain, whereas 87.3%, 94.7%. 92.3% and 89.9% inhibitions were observed on
the mutagenesis induced by MNNG, 4NQO, Trp-P-1 and B(a)P against TA100 strain. The solvent fractions
of methanol extracts from A. bluzei Murill except water fraction showed high antimutagenic effects of
70~90% against mutation induced by MNNG, 4NQO, Trp-P-1 and B(a)P. In anticancer effects of A. blazei
Murill extract and fraction against cancer cell lines including human breast adenocarcinoma(MCF?7), human
lung carcinoma(A549), human fibrosarcoma(HT1080), human hepatocellular carcinoma(Hep3B), human
epitheloid carcinoma(HeLa), human gastric carcinoma(KATO III) and human chronic myelogenous
leukemia(K562) were investigated. The treatment of Img/mL A. blazei Murill extracts had the highest
cytotoxicity with 91.9% against HeLa, followed by KATO III(88.7%), A549(86.5%) and Hpe3B(84.3%).
Whereas 1 mg/mL treatment of A. blazei Murill extracts had only 10~40% cytotoxicity on human normal
liver cell (WRL68).
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3 qlet. B2 Re|= Weld(lentinan)e] 2= 7
F e AYHT 9o 82§ ehlelA B
iE 1 Q= WA= B (Poria cocus), A% (Grifola
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o}7}e) 2w Al (Agaricus blazei MurillyE S¥Al
Foliol] &ah= wAo2 Age BE 9o 27} @
A AR R ok RE AHL nj2o] =g
o} Fdele] F4l Ao AYEE wHAleR o
A glem, Fudle AAAHRA] gt o] WA o
T B4R Yoz orl F3 A0, ¥4
Eulo] R} =, o] 735l o] K-3le] o] Fo
ol EAolct 7k AEL 6~12 cmeld, 7] #He)
B FYHEEERIA wbdde] =n, Fo A o
ot 7o) Bl ZbAe] zh2 olHe] o). 7 Ed
o] gz b 27le) diel Zeix|ed, g4, 9%
A m= ZA4E dd o9 ZHel: 5~10cm, F71E
8~15mm%, 7|5= FI A 7heoh b Mz
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g}, IR M2 Z 5.6 umX 3 umelw, AL
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7helFa Aol ojal g 2h8el B3 A= o}
Az v|{F3 AAeld ulelby B dFoMe olrle
F2HA F2Eo] Aeld 7%l g 32 =
37] $sted UA Saimonella typhimurium TA983}
TA100% ©]-4-8F Ames test“ZA ZEdwo|dAdE 3
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Y= 4ol AT UAPs AN M F]IBhed Fodsiat
F -20C FFAe BaslHa A¥e] A3t

AMRe| & % 28

F2ol AYRt=S Fussle $HYAVIE T
2 Eefindel AlgFegel dste] 10432 70%
S A7l 80°CelA 8AIZHY 33 F&3 ¥
gedzt AN AL AR A F b S
718 AHg3td 2E40lE AAY F FEAZ 3
o Y4 Az FRAAZERNE fuo] SA
upel BHYelg e deid ez, F22IE
o ofMele]|E, Frhg ul £5202 F49 ol
o5 7R FEHES 2Y ¥Rk S F 54
Azsle] Afol AR2-shdo.

Hold 82

23 S<dhHoldel N-methyl-N-nitro-N-nitrosoguanidine
(MNNG), 4-nitroquinoline-1-oxide(4NQOY= 1 Sigma
gtz RE FAsiel T, 2 E9welel benzo(o
pyrene(B(c)P)®}  3-amino-1,4-dimethyt-SH-pyrido-(4,3-b)
indol(Trp-P-1), 71ek Alok& UE HEHE EFA S
TFatgeh ol & Wold EA-2 dimethyl sulfoxide
(DMSOp] Hof Alflel] A}g-81ct.
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Aol AR AEFE GHER AT UM E
A549(Lung carcinoma, Human), <M E MCF7
(Breast adenocarcinoma, Human), Z+3t4|E  Hep3B
(Human hepatocellular carcinoma), A A34t4 L HeLa
(Epitheloid  carcinoma, Human), A-fA&FMX
HT1080(Fibrosarcoma, Human), 1A ¥ KATOII
(Gastric carcinoma, Human), A FA U H A X
K562(Chronic  myelogenous  leukemia, Human)Z
Korea Cell Line Bank(KCLB)2YE] T3]8l] £ A3
Aol A wjoFsimA] Ayoll AM-8lTh AS49, MCF7,
KATOII, K562 %54 RPMI Medium 1640 23}
Z]Z, Hep3B, HTI080, Hela ~|EF:= DMEM
(Dulbeco's Modified Eagle Medium)#) 2] & o] 83}
10% fetal bovine serum, 37°C, 5% CO,°| H-gAlA
77 Wb Rt
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opztel F oAl 250 EdweldY AYLE S
typhimurium®] ¥ o}Fql TA983} TAI00E o] &3}
Ames test® /N8t preincubation®] "2 Al Al3}g ),
op7te F A F2E& vle]l Ad HFAZ glass
cap tubeol] Z+ZF 50uL¥ 7183l ool bl TA-
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culture¥l} 2] (Difco nutrient broth 0.8 g-+NaCl 0.5 g+ %
9 100mLellA SHE wikAlZ] de) 100 uLE 7t
& v}& 0.2M sodium phosphate buffer(pH 7.4)2 #
Aol 700uL7t HEF Ao A& 3087
preincubationdt ©}&- histidine/biotin®] H7}1¥l top agar
£ 2mL¥ 7iste] 2 EgEE ¥l wlg] 2AE 2
minimal glucose agar plate’dell =L} I T4
A 37°CelA 48A17E wiokale] A7 B S el (hist
revertant colony) 5 23 sle] Eo|UA Y 75
wA 3o}

S0 MY

o)A Ao AHS-E WUHEA2 MNNG,
4NQO, B(oP ¥ Tip-P-1& AHE3lgch Ad GFA
7] glass cap tubeo] oF7}RFAMA F2E 9 FIE
< 2 sould AUl Wl EAE 7z 5oL
H71ak o AAF SAEAe] 88g Ao E A
PAlollA] A28 S-9 mixE 250puLd 2z Hrlslg
o} of7)el a5ub wikAlZ) FAS 100 uLH FUE
% 0.2 M sodium phosphate bufferg- 7}5le] 343
7} 700 ot HE=E gk o]AE 37°CelA 3087k
Aehufokgt ohg 4719 FdwieldA A 22
Wog Agsle] YAHE B Ediel £5 A
o FEAHo|YA L K55 AAslg. A F
25 9 FYE ol A Ty AnAEE
Sl AAsiglon] FEqo] BAL ol EA
o] g4e) g AR AAlE(%)E e, o}
#e) Aoz ARZslgic

S, X 100
M-S,
M: Edwo]igt Erg 740 B o] o
Sy A BH Edwe] #4
S A8E HrElg g e B9 Edde] o

Inhibition ratio(%) =

SRB assay

SRB(sulforhodamine B) #4792 AZ hia g4
& o) &3] ME FA o} B FAIH= We
2 10% fetal bovine serum ¥ Z+Zre](A549, MCF7,
HeLa, Hep3B. HT1080)5 %-f3l= RPMI 16403}
DMEM® A& 5x10* cellsymL =2 100uLy 7t
wellel] @7ksted 24412k F<b WHF(37°C, 5% COHAI
71 & 02M o|3ke] DMSOZ ¥l A|ZE 025, 05,
075, 1.0 mg/mLe] =2 100uly AH7lsle] 4847+
Feb ohA] mekstdel. 1 ¥ A5YS aspirator® £

A2AHA AASE YARAE 10%(w/v) trichloroacetic
acidTCAYE 100 puLY A7 F 1A7Het 4°CellA
kA gl ¥ SR5R ol H Aag A Adx
A2 F 1%(viv) acetic acid®] %<Q! 0.4%(w/v) SRB
2o 100 uLE H7le] 308 Fob dMAFC A
2] o2 SRB YA H-& 1%(v/v) acetic acid§N o2
U oWl A= {e], oA AxAZ F 10mM Tris
bufferpH 105) 100puL2 F4AE 3383 %a F
540 nmell M FFE=E S

MTT assay
MTT(3-[4,5-dimethylthiazol-2-yl]-2,5- diphenyl
tetrazolium bromide) ¥4 102 M ¥o] A& gl &
345 WS 2A o] AL Aokl MEY ul
EZ=@o} W9 dehydrogenase”t 34 84 E349
MTTel| 28] dark blue formazang AAH{HE HE
A2zt KATOI 3 KS62H X2E 10% fetal
bovine serume -3 RPMI 1640MfA] S SX10*
cells/mL %2 747t} welle] 100 mL¥ #H7}lele] 24
A7t B2t Mek37°C, 5% CONRK ¥ Zzre] Aag
0.25, 0.5, 0.75, L.0mg/mLe] ¥E2 100uLd A7}
of 48A17F Fob ©hA] wiekslgt. of7]ell MTT(S ng/
S5uLy8-g 20uLd Hrbste] 4A17HERL wRFAIA
formazang ¥AA1) F ZA2HA aspirator2 A5
£ AAAAS. 28T DMSO 150puLE H7}sled
formazang <9 ¥ 540 nmol A microplate readers

ol g3t FHEE FAAU.
w3 W o

Ames test® 0|88t BE0IH0I#Y &2}

S. nphimurium TA98Z TA1002- ]2 Ames test
£ 83 A3 Table 1o} epd wie} o] SAEF
o] B3 Eodwlo] e TA9R] 1712, TAI00E
16718015132, vletg FFE-E Hvlsle] AYer A5}
A7) AU zE Bslq = JEAE el

Table 1. Mutagenicity of Agaricus blazei Murill methanol
extracts on Salmonella typhimurium TA98 and TA100

Dose(ug/plate) His +revertants/plate
ose a
HEP TAO8 TA100
Spontaneous 172 1678
50 18t1 173+ 1t
100 2141 17913
150 202 171£5
200 18£3 159+£3
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Fig. 1. Antimutagenic effects of 70% methanol extract of
Agaricus blazei Murill against mutagens on Salmonella
typhimurium TA98 and TA100.

A ¢omg o A dghs FEHEL Sl
44 d FAE el o A2 gdEgd.
oprtelF Al wielE F2EE plaed 50, 100,
150, 200 pgd) FEZ Hrlsle] Egdulo] JAENE
ZE8 A= Fig. 13 o). TA9S 5l ofsled o
Aol EAZ A we]dEAlQ] 4NQOS} o] %9
$43E 98 S9 mixE ¥R k= A H|YUE
Al Trp-P-13} B(wPE AN} k4] wold &
A BF Aol FEF7l wel F7HHE el
A=t 200 pgiplate] F=7} H71E9E o) ANQO-
Al 924%9] A &S BT, B(o)PE 83.4%, Trp-
P-1% 81.9%2] AA8& HodFglc}h TAL00 5l o
sled Aol EAZ MNNGS 4NQO 28|x 7
WolEaal Trp-P-134 B(a)Pg Ah&3ted zhzhe] ®
o|UEale) iyl oprleiFABA dete F2EBe o
AEAE A8 F=4 Ayl wet =8} 200
pgiplae®] F=7 H7MENE o ANQOS s 94.7%
9 2 AAl&E BoFglen], MNNGE 87.3%, B
(P2 89.9% 22|31 Trp-P-12 92.3%2 471 ®o
4 B ZFAM 2 &S Jehigle. olslzt
o] olrte}FAn4) vielE FEE2 A% 9 7y W
ol¢ell w3 ¥ FgTdwe] Hprl S-S U
9%tk ZF ol FAMA vk FE-Fo) g9
2713} QA M deod F e SdH o] Fodol o
g A EAE JRER, 2 HAEES BAS HES)
21z} ofrfE|FAHAL Hjekg FEE-S toddH 2,

Inhibition(%)

d .
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Fig. 2. Antimutagenic effects of fraction of Agaricus blazei
Murill against MNNG(0.4 pg/plate) on Salmonella
typhimurium TA100.
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Fig. 3. Antimutagenic effects of fraction of Agaricus blazei
Murill against 4NQO(0.15 pg/plate) on Salmonella
typhimurium TA98 and TA100.

E223E, oY oMMElc|E, Helg o B0z B

< & ¥ MNNG, 4NQO, B(w)P, 283 Trp-P-1&
Mgl Edwe|UA AYS S48 A Fig 2,
3, 4, 54l vehdule} zho] zhzhe] wely BAle] o
sle] Zt BEEES EdHel JAEAE el
. & MNNG$} B(o)Pell disiys 25 2%}
80% |48l ¥& AAES ¥ I(Fig. 2, 3), 4NQO
= TA98, TAI00 7 dF 25 ol clMe|o]E 2y
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Fig. 4. Antimutagenic effects of fraction of Agaricus blazei
Murill against B(a)P(10 pg/plate) on Salmonella
typhimurium TA98 and TA100.
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Fig. 5. Antimutagenic effects of fraction of Agaricus blazei
Murill against Trp-P-1(0.5 pg/plate) on Salmonclla
typhimurium TA98 and TA100.

EoflM 95% oo M & JAEE vepids
(Fig. 4). 2231 Trp-P-19 M= TA98 #FlA 2§
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Fol| dEiME FYE 277} 80% ol ¥ oA
& JeliglekFig. 5). ole} Zo] FAI® ZE £Y
M 60% ool & AAEL vepldlT 5
A5 4712 RYEANAM ZFA e, ¥23
7l wel A AT FUHEE o4 4 UsiH
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0.00 25 .50 75 1.00
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Fig. 6. Growth inhibitory effects of 70% methanol extract
of Agaricus blazei Murill on human cancer cells,
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oF it 27IgA A Edielr) B Fa3 %
45 33 cfPo] WetEAle] Edwoldolzes F
FHE gEddolds vl 30l ¥UHAS
7 4 slvke A onigig) deby 2 AgdMe
ZHE M Eol| gt MEZA-S Fsl7] s A
JE & A549, Hep3B, MCF7, HeLa, HT1080, KATOHI
9} KSCMEE o] 83led oprle|fAmAl wehd F&
£ ¥ FHEE] dsle] SRB assay ¥ MTT assays
i) oprle| AR FEEo o HE HF
AA A7 Fig. 60l Jelfigiel Al& | mg/mL 5o
Al MCF7 92.0%, Hep3B 849%. AS549 84.2%,
HTI1080 82.9%, Hela 68.3%, KATOII 88.7% 1|1
K562 Eell M= 82.0%2] AAEAE el ligic). of
7REIFEAHA deks 25 gYAARY] BXS A
E3laz S e] GE 4o HodeeE, S22
. olE oHElolE, ¥ubd gl EZo= B3l F
28 ¥ o] E¥EZS A E(AS49, MCF7, HTI080,
Hela, Hep3B, KATOII, K562)o] wdt AAdAl &=
& FEs%A

WA 5o St Tkekawa 5ol 2l TF
WA (Polyporaceaeys A8l Al 4-d72 LA
I5pFEdle] d-& FEE°] sarcoma 180 5 5&
o]Algte]] Hale] &F FolAJe] A dFF BA
o] gl ZHe] WHE|gow, olF F Al (Lentinus
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Table 2. Growth inhibitory effects of each fraction from the 70% methanol extract of the Agaricus blazei Murill on the

human cancer cell

A.blazei  Dose (mg/ Cell lines
Murilt mL) MCF7 A549 HT1080 Hep3B Hela KATOIT K562
0.25 34.0 45.1 543 437 7.1 42.7 392
Ethvl acetate 05 439 56.9 60.3 824 63.1 66.8 69.7
yl aceta 0.75 80.1 69.8 68.1 873 75.3 784 72.3
1 96.5 86.1 90.7 89.1 77.8 82.3 78.2
0.25 413 23.1 475 372 36.4 394 354
Diethvl eth 0.5 94.3 76.0 64.4 743 58.1 54.3 68.2
cthy! ether 0.75 96.3 90.3 722 85.9 69.7 68.4 70.3
1 96.7 939 823 86.1 76.7 726 72.0
025 202 323 36.7 233 38.0 294 38.3
Butanol 05 26.3 355 42.1 50.1 545 62.3 54.3
utano 0.75 30.6 46.7 60.4 62.3 65.6 70.1 60.1
1 533 55.3 78.7 732 779 76.9 65.4
0.25 309 29.6 399 18.1 145 346 34.2
Chiorof 0.5 335 334 45.2 484 393 58.4 57.1
orotorm 0.75 45.1 409 543 722 56.9 63.5 61.5
1 74.9 49.3 72.6 75.3 726 69.8 73.1
0.25 279 1.6 425 17.1 58 294 27.8
A 0.5 39.8 57 49.8 532 243 46.5 448
queous 0.75 399 29.1 55.3 64.3 45.8 57.2 59.3
{ 442 34.6 713 70.0 56.9 60.9 62.6
edodes), AW A (Coriolus versicolor), A7 Al 50
(Piptoporus  betulinus). °3 2| ¥ A (Ganoderma lucidum)
ST gEeF &) Qlye Bale] A wl
A RES R WA 2 ALY daujel FAMA
25E 223 OIREEA dEAoe FUHA 2}
Al oA 2e2lgt £ b3 lentinan®] sarcoma 180 % sor-
o) didle 7gt dqbahe-g Jepdcii B aEgoH, 3
WAl o} el shEopaes M EE AHPHeE E |
FAAE 41 5539 WA 2hg-sle] A ule]
] Zrlel o8 7oz x| goi. 1ejal g7 i
wale] oFE AR F2 tdFel chale] Ajd
polysaccharideprotein complex24] 1 333 A=
uhaiAl ul 9ly, SEAHOME G E A i) 4 0 o2 s - "
(15) ’ : : ’
FEH A, Dose(mg/mL)

Table 26|42} o] ol7le] R A4l BHEES ¢
ME BAAAANEANE ZESG A% | mg/mL H7HA] ol
o ojeHlo| EZ} dodoe|2 BYE-S FAIE &
HEol| A 72.0%~96.7% FE2] o AHEI}E
vehiigleni, o o]9je) FHECME 70% BFS) =
2 A EANE Jepligict 2=l 7k AlZ]] Hep3B
9} 919t M EQ KATONE 739+ Zhzte] B-8EiA
0.75 mg/mL A7l 70% olAke] 2 HAEHNE X
Q1 wllell MCF73F AS49M| ¥ oE ghM ¥l Hisl
vz Je AAESE By Fg 72 olE ¢

Fig. 7. Growth inhibitory effects of 70% methanol extract
of Agaricus blazei Murill on human liver embryo,
WRLGS.

AZE] digt 2 A4S Ed2 A A X
WRL6S(by SRB assaypll H&t A& e o} 4 X
EARAE Jepd AoEZ I mgmLe] AEF H7H]
A Eofl A HEFo] 70% HFL AE&E Ho|
+d uha] WRL6g HlME 50% ol3te] H&A)
£& B} o] M ol HEt ¥ A A ]
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S. typhimurium TA983} TA1008 ©}-8-3 Ames test
AME of7iElFANA vgkE FE2E 2T A FAH)
o] EdeldAL gl ALZ Jely. oplelFA
A vlekg 325200 pg/plate) 5 TAIS THE o
43 gEdie] EE gk A Yol
4ANQOl w8 924% 12]3 A WolWel Trp-P-134
B(owPell A&l 2}z} 81.9%2F 83.4%2) ¥ AH}
2 Jehigith =8 TAI00 A 4NQOE 94.7%
o] 71 & AAENE Jepid=t. MNNG, Trp-P-
1 ¥ BoP2 Z+2} 87.3%, 89.9% 133 92.3%2] o
AEg Boot Zpzhe] Held EAe] o3t oprlelF
2HAL E-3E(200 pg/plate)d] HEDH o] ol A=
MNNG#} B(o)Pel| 3= $8E 257} 80% ©|4
o] =2 oJM-ES M, INQO: TA98, TAL00 F
TF E25F o opdec]E EHE A 95% oA
71 28 JAEE e 28T Trp-P-1olM e
TA98 FFolM E-5E Al98t LYFo] £ A&
< Jehigla, TAI00 T daiMs $HE 2F
7} 80% °lAe] ¥& JHEE el

7+g M X gt oprle)FE A Al WwtE £EE
o AHEAHE AR 1 mg/mL F9A] MCF7 82.9%,
A549 86.5%, HT1080 65.5%, Hep3B 84.3%, Hela
91.9%, KATOIII 88.7% 1&8]1 K5624|EA= 82.0%
9] JAEIANEZ Yehhlet. A7k A4 ZHE WRL6S
ol &k AE F¥o @ E HESHYEAE | mg/mLe)
ABE A7 50% olztel AEAAEE JepioR
W AN dajMe G BEAARAE et
AME o 5 U ol FAHAl EYESC o
g A Aol M= Pt Al E MCF7e| A&E |
mg/mL 715189 239 FE3E Al 1Y
Eol|Al 90% oAt %o AAENE Wyt =3t o
e opHo|E R Ee] ]2 XY Eo nls] Zzte
ot Xof) AFMME | mg/mL H7HA] 80% ©1AFS) E-2
AAEAE Hech 2} & BYEE PHEe o
& Aoz o oA FAE vehisith

#Ale &

B A7E 19999% FAAAEE 8] e} WAk
ze] sad Aol o] $R Alo|m, oo FHA}

=gy
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