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Effects of Antioxidative stress, Antimutagenicity and Cytotoxicity of Cancer cells in Fractional
Extracts from Ganoderma lucidum Karst

Se-In Oh, Mee-Sook Lee’
Dept. of food and nutrition, Seoil College, Seoul 131-702, Korea
*Dept. of food and nutrition, Hannam University, Daejon 306-791, Korea

Abstract

This study was performed to determine the antioxidative effect of the hexane, dichloromethane, ethylacetate,
butanol and water fractions of Ganoderma lucidum extracts on the inhibition of malondialdehyde(MDA) and
bovine serum albumin{BSA) conjugation reaction, the inhibition of lipid peroxidation and the scavenging effect
on 1,1-diphenyl-2-picryl-hydrazyl(DPPH) radical, the antimutagenic capacity as measured by the Ames test and
the inhibitory effect on cancer cell. Ganoderma lucidum is believed to have possible antioxidative capacities,
although the results have varied according to the assay method. The most effective antioxidative capacity was
inhibition of lipid peroxidation. Among the five fractions, water fraction showed strong inhibition rates on MDA
& BSA conjugation reaction, and ethylacetate fractions showed the most effective inhibition rate on lipid
peroxidation and scavenging effect on DPPH radical. The indirect and direct antimutagenic effects of ethanol
extracts of Ganoderma lucidum were examined by Ames test using Salmonella typhimurium TA98 and TA100.
Among the samples, the water fraction did not have any antimutagenic effect. The inhibition rates on
mutagenicity in the presence of 2.5 mg/plate were nearly 100% for Salmonella typhimurium TA98 and TA100
except the hexane fraction of the direct mutagenicity mediated by 2-Nitrofluorene in Salmonella typimurium
TA98(64.69%). Under the 2.5 mg/plate concentration, the inhibitory effects of hexane and dichloromethane
fraction were superior to that of the other fractions on the direct mutagenicity for Salmonella typhimurium
TA100 and indirect mutagenicity for Salmonella typhimurium TA98 and TAI100. The inhibitory effect of
Ganoderma lucidum extracts on cell proliferation in HeLa and MCF-7 was investigated by MTT test. The
dichloromethane fraction showed highly antiproliferative effect in HeLa and MCF-7(ICso: 0.122 mg/mL, 0.272 mg
JmL, respectively) cells while the water faction had a weak inhibitory effect(ICs: 0.691 mg/mL, 10.919 mg/mL
respectively). These results suggest that Ganoderma lucidum may have antioxidative, antimutagenic and
anticancer capacities and may be a candidate of the prevention and dietetic treatment of chronic diseases and
the development of antioxidative, antimutagenic and anticancer functional food.

Key words : Ganoderma lucidum, MDA & BSA conjugation reaction, lipid peroxidation, DPPH radical
scavenging effect, antimutagenicity
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o BWZE, T4 09, AL BLD
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superoxide anion radical, hydroxy

23T YN

= AAl YoM AEE ZZA17)=d(Comporti M
1993) §3), AAT THIEA ALY BEHAY
48 Fsukg s doA Axge EFGS IXA
Z By olye} AW NESHE xYstd =5kd
ot olo mE o kA A& WHAEE FE
@ h(Meneghini R & 1993). WAlFo F4tst &4

Lentinus edoa’es(Cheung LM & 2003). 9 Dictyophora
znduszata(Mau JL & 2002), Pleurotus ostreatus(Yang JH

S 2002)8 B+ %%%4 ZdHE dEd oet =g
111-1:]%l AA &4, 898, Fe* 0|29 chelating effect
S0 B% 4%—@,_‘13 Z7Vat  Coriolus versicolor =
82l WA(Lie F 5 1997) ¥ Grifola frondosa(Lee BC
T 2003) .2 REH FE¢ oY ogAd did =z
Uz AAEHE BaE T

a3t FG o MAGA NN T AEEAH]
DNAS] 4tsha] &4 o) z#dvh 1 A&
ARAAEE 9 el o] E4d4dbes AX
DNAS Y F9¢ AFFoZM AXdHolE o
oA AEY IstFed  #Fo v Comporti
1993, Meneghini R & 1993). B{Al {9 FLFHo =z
Phellinus Coripolus  hirsutus,
applanatum 59 I FE&E°] FLEHe] vt B
5] 93 (Chihara G § 1970), Kwon 5& G WA, o}

Z jo & rlerr

linteus, Ganoderma

7H L, RIHA, FAMA, A dutigA
A TEF dAE] FEEE AU THKwon
SH & 2003).
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1. AEX=
A X W A(Ganoderma lucidum Krast)-2 1 35ld 4
st BAARsSIA B & UE - @ FHEI(-200)38}

o NE2 Agsar.

2. A9 & ¥ =x=8
AN B FEE2 AXANE FZC 9
of 2009 A'EE Jhote A2oA 242 FS F
3 wESIh oS

3" FZL7/(EYELA, Rotary vacuum evaporator
&S T JANAY degs FE2ES

Ao o BN F S0l wWel hexane,
dichloromethane, ethylacetate, butanol 2 & B89 <o
2 separatory funnel2 o]&3&le] <280 B35 &%
Zt gu] BEEL rotary evaporator2 FEH & 4
9] 0.IM PBS(sodium phosphate buffer, pH 7.4)o] =
of MDA & BSA (Sigma, Bovine serum albumin)
conjugation ¥Hg& A A|EE AFESIE I, DMSO
(dimethyl sulfoxide)E 7}8] = XA FAksIA &4,
DPPH 2tz &7 g4, Ames tesE A3 AIRE AME
SR, 70% EYEel Fo MIT assayE 99+ A 52
b5

3. etetga £8

1) MDA} BSA conjugation H+-3 oA a3 A

Park YH(2000)9] WHo| uwlg} Bovine serum albumin
(BSA, 2 mg/mL), Malondialdehyde(MDA, 20 mM), F=A|
MAe) 2 8] 2E, 0.1M PBSE Egste] 37T
M 24X WMSAATL oW BSA wHdPFE
Bradford3-& A}&-5l9 Z(Bradford M 1970) MDAX
Gomez-Sancheza2] HHHo] wha} A Z 89 tHGomez-
Sanchez A 5 1990). ¥1-2A]71 A]E 500 uLZ Centricon
(Amicon, Centricon YM-10)oll @11 1,400 x goll A 2A] 7k
EoF 94l &8 3l (Beckman, Model J2-21 centrifuge)



MDASt BSAS] ARES Haldt ¥, $H4 700 ILS
Y3 1,400 x gollA 2417 B¢ AR sl JRe
4 52 AFdGY. AL 599 Poz 33 4
Alatdith. AlFS AlgE #8lste] 12% SDS-PAGE
(polyacryl-amide gel electrophoresis)& 120Vo 4] 3A]7F
B¢ AAIG &, gel& Coomassic FAsle] MDA
BSA Z3%E bandE Densitometer(Vilber Lourmat,
BIO-1D Image Analysis)Z Fgdle] A A35E3
oA o] A oA & (Inhibition rate, %)< Al A+3}% o}

2) A3} A2 A

Saija A 5(1995)7 Haase G} Dunkley WL(1969)¢]
dhio] wel Fe''ol 98] %% Linoleic acid®] zHA}
slefl thgt A 84S TBA(Thiobarbituric acid, Sigma)
2 9AAA 2389k 10 mLe 10 mM Linoleic
acid 8o A8 20 puLE 7}ska 37C  shaking
incubatorol] A 1A1ZF 9 shaking A171 &, 0.05 M iron
sulfate(FeSO, - TH,0)E 20 uLe #A7bek ohe o] 37
CollA 2A1ZE F<t shakingA]A F4tsts FEA| AT
2] ¥l Linoleic acid 89 800 pLE 4To|A 10 min
&<t temperingAl 7] 31, 400 L] TBAS A7ME ok
Z 33 & boiling water batholl A 15 min E9F =T
g F sE2 B ¥ZAFHYG dddE &9
n-butanol 1,120 uL 7}t 2 & oS 250 x g=& 20
min &< YA E2] 8 (Hanil, Union 5KR) butanol =
€ #FHsl9 535 mmolAd EFEE ZF(Molecular
Devices, SpectraMAX 340pc)ste] AR #ArslE A A
AA &L AZegth Fe¥'o) 9] %% Linoleic acid
o Ftstel] Wi JAEHE TBAZ AN RS
100%=2 71gstde o, dAHR E8d z4
7+ A7kele] 50% 2 BAaAA F UE BFEE ICHo R

e 2T

A &(%)=

ot

3) DPPH ]z &AZA

Chen HM £(1998)9] dbdof w}el DMSO 10 pL(tH
Z7)9t DMSOe] = xR 2 345 AE 10 uLo
200 pM DPPH/ethanol 190 pLE 7}§+ &, 37ColA 30
min ¢ ¥HEAIZ] oS 517 nmollA EFEE =35

% tH(Molecular Devices, SpectraMAX 340pc). o] o
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dial AlRE 9e "Wy EF=Y A4 BAxE =23
3t RTY EFEES 100%% S w A A
28 FE2EE& Hriste DPPH Y ZE 50% 4AA
e AlRY BEE ICoe =z 3t AxE LreRd 5z,

N

. BE0H0|s &3
Salmonella typhimurium TA98, TA100 #FE o] &3}
o FEAH)TS SR PR o5 FF
9] histidine R4, deep rough(rfa) EAHol, uvB =
dwolst R factor 59 HAFL S FAdHT o) F
= nutrient broth(Difco)ol] H &, v gslo] ekl |
mLE DMSO 90 ULE 7}t YWER AL tubeo] ¢
o ) A Z~(Thermolyne, Bio Cane™ 20)o] X galHA A}
2319 t). Master plateo] Wl gdt FFE nutrient broth
oA HFEste] 37CA 14~16A12F <t gy
(Vison Scientific CO., KMC-8480S)3F & 1~2x10°
cellsymLe] C=7}t HEE dtof A ALEsHlth

E9del FEEdEE TH Ee JHEAM] B
=
=

AEAWo] A2 2-NFQ2-Nitrofluorene, Aldrich)$}
Sodium azide phosphate(Sigma)Z Al-&35lith  2-AA9)
2-NF= DMSOo] =of A}239 3, Sodium azide
phosphate= ZFFol el AlgaRTh 2 Sduol
FEEHE 2 2-AA9] ZF§ TA983} TAI00014 2.5 p
g/plate, 2-NFi= TA989lA] 4 pg/plate, Sodium azide
phosphate:= TA10001 4] 2 pg/plate®] H==F AR5t TH

Amess) @l 98 FEAHo] fUUAL AT
WA 9 Ajeke] ZA|= Maron DM$} Ames BN (1983)
o] whgo] wat F35helon) Matsushima T 5(1980)¢)
Wil we A8e dedoh RE AFL ice bathdt
AM FAL FE APt dArEY Fdo) 2
23 ZPEA¥l EF4E AIEE dE S99 mix
(Moltox, 11-01L. RAT LIVER LS-9E H’}sk¢ith
DMSO9] =<1 A5 90 pLe} wj st 4F 4= 0.1 nlL,
Ed®o] FEEZ 10 L, AP EAH| Dl = 0.5 mL
2] 0.IM phosphate buffer(pH 7.4)E, 7FESA o]
+ 05 mLe] S9 mixE Had AT FA7s & 7}
WA vortexdta] 37C shaking water bath(Vison CO.,
KMC-1205SW1)ol| Al 305 ZoF ofju] wiksidrh. 05

Sh=FE] #5h g A A21@ A 635(2005)



4 B A ¥ A (Ganoderma lucidum Krast)9] &3} 28 E9] 488 A2 A ade FEAMo] 9 IANE 24 A4 3}

mM histidine/biotin £<4-& 100 mL% 10 mL H7}3+ 45
T B=9 Top agarg 2 mL¥ 7+ A|g#o] 23 3%
7t vortex3t % minimal glucose agar plato]] Fo] o
FFog 71&d 1F HAAA F F 2A Qv 2
t}2 platesE F|F o] 37T incubator (Vison scientific
CO., VS-1203P3)ol| A 4847t gt & Zzte] EAE
¢ o] F(revertant colonies)E AlFstG R SPHo] o
A| &-(Inhibition rate, %)L TF3a}%th

5. 2MZ B4 Agrlls £H

AA AFAELAEQ HeL,a(uferus adenocarcinoma,
10002), Het A EQ MCF-7(breast adenocarcinoma,
30022) E-Gtol Z+Z 5% fetal bovine serum(FBS)<$}
*®3% DMEM v ol v} RPMI-1640 wj okell
Ftach IANAFEETY FAE 34 oA
52 MTT assay(Denizot F9} Lang R 1966)2 A& 3%
t} &, GAEE 1x10° cellswell =X 48 well plate
| &5 & 37T, 5% CO, mgd7lolA 24X Wi &
A gl AHgE MAZ AAGD WA 190 Lok 3
AR FEE 10 ULE Do oAl 7242 WP
Hek AFSE F WAE AAGL 5 ngmLe) BER

Hexane

Butanol

Az MIT 8 30 ILE 253 ¥ 598 WPz
Aol 4AZEE WlF F MTITA ko] 23 vz =
A AL, 2+ wells] DMSO 300 pLE 7}gt 3 ELISA
reader (Molecular Devices, SpectraMAX 340pc)E o] &,
517 mol 4 FBEZS 233k AAE(HE ToHAT

1. A8lE AEQ A XS}

FAHA HEEE FEES BxE=R FAvslY
MDA-BSA2] nx}FZ FH(cross-linking) @A & 2pghsld]
@22 wacks JRE Hae VII5IY 23

Water

H )
i o ¥

a b ¢ d e f g h i

a b ¢ d e f g h i

Fig. 1. Inhibitory effects of fractional extracts from Ganoderma Iucidum on conjugated malondialdehyde with bovine serum

albumin in 12% SDS-PAGE.

a:BSA(100 uL)+PBS(900 uL),

¢:BSA(100 uL)*MDA(100 UL)+sample(2.5 nL)+PBS(797.5 L),
e:MDA(100 pL)+sample(10 UL)+PBS(790 uL),

£BSA(100 UL)+MDA(100 nL)+sample(40 UL)+PBS(760 wL),
i:BSA(100 pL)+MDA(I00 1L)+sample(100 pL)+PBS(700 uL)

b:BSA(100 UL)+MDA(100 UL)+PBS(800 L),
d:MDA(100 pL)+sample(5 PL)+PBS(795 uL),
£:BSA(100 PL)*MDA(100 uL)+sample(20 uL)+PBS(780 pL),
h:BSA(100 UL)*MDA(100 uL)+sample(80 1L)+PBS(720 L),

=z Feta] A A219 A 65(2005) - 762 -



S AIQ] - o)ul & 5

7= Fig. 2, Table 17} 2t} GAMA 2EH =229 53.07%, 0.02 mg/mL, butanol B8 E 45.80%, 0.15 mg
=57 40 mgmlelQE w MDA-BSASl maZdre /mL, EEIE 1239%, Iz, ICoez E o
Al e ICs AHEWH & F£YE(3330% 159.24 ethylacetate E8 23} dichloromethane 23 &9] A=

mg/mL)ell &} 7HE F3ko™ hexane #9E(27.06%, 28 AAlso] Mg e E REES MG
168.32 mg/mL), butanol &% E(23.49%, 4256.09 mg/mL), gkch

dichloromethane 58 5(18.14%, 256893 mg/mL) o] GAMA By F2E9 F4lg %S DPPHe o
ok T3 ZF RYEL 2559 LU S/EFE A St A 2}F-o 5 (electron donating ability) =, DPPH &}+t]

dgol gobd BE 4EH At Yow w2 2 24502 £EF AFE Fg 4, Table 13 o]
Astel @ FANAY ANgS B 2HE g AR AY 22 ADsEi SRS
E3}Fo)gek. olol W) Bunol #¥# 40 mgmleld  DPPH 2tz £A%Yol 71de & & Atk 9
gy F2E ANEFE 25 mgmlolA FAH

SZol| A9} Ethylacetate £ &A= A &o] et AHA 2
2 ol TP Atstel] gt &t gliTh A 2¥d F£E9 DPPH @ £AEH GAHA
AAFi g gt GAHA FEE s A 28 F&5ES HUisty DPPH oz & 50% &A
S (Inhibition rate, %)S 4= B WH(Fig. 3, Table 1) &3 e AlEY BLE(ICo)E 47 AR ethylacetate
H F2EY 557 37MESFE A AAS A &0l E8Eo] 69.21%, 067 mgmL, butanol EFE0]
Z7M59 88 ¢ 4 Adew Als B% 0.1 mgmLA] 48.51%, 2.80 mg/mL, dichloromethane E38&o] 37.58%,
Asled AR BIE F&2E2 A7FstY 50%9] 839 mg/mL, hexane 8 Eo] 19.55%, 1570.85 mg/mL,
AAFEE AaAE 7 Ae FEICnE 44 4 Izl E BEYE2 1846%, 36796 mgmLo]ATt.
BalFo] 62.73%, 0.05 mg/mL, DPPH @)zt 47 5& ethylacetate & &o] 713 %

2

hexane 8 E 58.14%, 0.10 mg/mL, ethylacetate &&= St o B3 hexane B EL AFoz S

2 e
ot [
g | < ‘
c [
8 I3 \
el | £ \
£ | = . ‘ ‘ ‘ |
|
! ‘ 0 0.02 0.04 0.06 0.08 01
Conc.{mg/ml) ‘
Conc. (mg/ni) : ‘ ‘
_ o I i| —*— Hexane ~g- Dichloromethane Ethylacetate !
i ! Hexane ~q— D(if\!OLOITEﬂian(E Egtapq ot Water] mew Butanol —x— W ater ‘
Fig. 2. Inhibition rate of fractional extracts from Ganoderma Fig. 3. Antioxidative effects of fractional extracts from
lucidum on conjugated malondialdehyde with bovine serum Ganoderma lucidum on lipid peroxidation.
albumin. Values are means+SD, n=3. Asterisk means a significant

Values are means=SD, n=3. Asterisk means a significant difference by ANOVA test: *p<0.05, **p<0.01, ***p<0.001
difference by ANOVA test: *p<0.05, **p<0.01, ***p<0.001

Table 1. ICsy values of fractional extracts from Ganoderma lucidum for antioxidative effects

ICs"” (mgml) Hexane Dichloromethane Ethylacetate Butanol Water
Inhibition of the conjugated MDA with BSA 168.32 2568.93 ND” 4256.09 159.24
Inhibition of lipid peroxidation 0.10 0.05 0.02 0.15 0o
Scavenging effects of DPPH radical 1570.85 8.39 0.67 2.80 367.96

"Inhibitory activity was expressed as the mean of 50% inhibitory concentration of triplicate determines, obtained by interpolation of
concentration-inhibition curve
YNot detected
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9 2 ¥ Al (Ganoderma lucidum Krast)e] 4¢3} 28 &9 23}

X

E X oo of off
N,

od
£

FAtt
288 FZ£E2 MDA$ BSA conjugation

e
=
iy

u} FArst A g4, DPPH &0 2A84H S
S35t FAstgd e JdFoz AHEgS W o
AR 29 FEE2 AZ A E A= €4
o] 7Z}& 948491 1 &2 DPPH #Hud 2AE
gdolen g o 45tg dAete &30 M F
Aees ¢ F U Egt AR 2EH FE28
2x iksta#e] zpolzt T @A st o
St AUA E8HEY Asieg2 E EYEANA HE
oI, AA R4S A&7 DPPH oz 4
A& ethylacetate B o] 71 fstdth

l
- 80 1.
‘ % 60 FHE

= *k K /,,M"

e

E 20 LT =

0 0.5 1 1.5 2 2.5

l ) Conc(mg/ml)

—e— Hexane —— Dichloromethane Ethylacetate

-~ Butanol ~3%-- Water

Fig. 4. Scavenging effects of DPPH radical by fractional
extracts from Ganoderma lucidum.

Values are means+SD, n=3. Asterisk means a significant
difference by ANOVA test: *p<0.05, **p<0.01, ***p<0.001

__ 120

3 *

& 100
P ©

T 80

S 60 o

5 40 [ %%% et

‘_é 20 s

o s * ‘
0 0.5 1 1.5 2 2.5

F Conc.(mg/plate)
1 —e— Hexane —— Dichloromethane Ethylacetate

i 3¢ Butanol —x— W ater

)

LEH A GARSYG FEGHC 2 X F4 A 1%

2. EE00ls
Ames testZ FABA BEY F5E JPA4L T
sddol5e APEAMe] B4 2-Nitrofluorene(d ng/

=
plate}E EW7A WHo|FQl Salmonella typimurium TA98
9, Sodium azide(2 pg/plate)E A&t G714 A&
Wo)FQ) Salmonella typimurium TA1002.2 A3 24
T}+= Fig. 59 Fig. 63 2t} Salmonella typimurium
TA98¢} TAl000MA & HEYEL TEdwo] F3v}
A At Salmonella typimurium TA98AN A A7 %+
£ Zddolsd dd A aHe= FAHA 289
F2E FE 150 mgplateds] FEAHO| S HH
EYE(95.13%), ethylacetate E & E(77.03%),
dichloromethane 33 E(64.67%), hexane £33 &(52.30%)
A9 FE2E 55 250 mg/platec] A= butanol
8 E, ecthylacetate ¥3 &, dichloromethane 3 &
100%9] Edde] AsES B9 F3.91, hexane &
YE2 68.14%9 Asles Bo FIUG

Salmonella typimurium TA1000) A=
959 F=7F 05 mgplated = EA
ethylacetate ¥ &, dichloromethane
BEEo|A 99~100%% 2™, butanol

butanol

gt w3 FEAwelsol A fdd B £YEL
Addstas GANA 2EE $5F =7 e

491 2-Anthramine(2.5 pg/plate)-&
ALl Salmonella  typimurium TA983}  Salmonella

g\t 138 —% TEE gk *,** *i*
| T |
9 80 et et
5 o0 |
5 40 / / )
0 . X
0 05 i 1.5 . L
Conc.(mg.plate)

—o— Hexane ~4 Dichloromethane Ethylacetate
> Butanol —— Water

Fig. 5. Effects of fractional extracts from Ganoderma lucidum
on direct mutagenicity mediated by 2-Nitrofluorene in
Salmonella typimurium TA98.

Values are means=SD, n=4. Asterisk means a significant
difference by ANOVA test: *p<0.05, **p<0.01, ***p<0.001

#2ze HEAA A21A A635(2005)

Fig. 6. Effects of fractional extracts from Ganoderma lucidum
on direct mutagenicity mediated by sodium azide in
Salmonella typimurium TA100.

Values are means=SD, n=4. Asterisk means a significant
difference by ANOVA test: *p<0.05, **p<0.01, ***p<0.001
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nypimurium TA1002.2 Z2¢ ZAF= Fig. 73 Fig 8
7 2tk E EEHES AFAE FEdoldAN g b1t
A7V R Salmonella typimurium TA98S} TA1000] 4 =
F gdEdde] 297 A3 fldth

HEZE EdWols WG A 2 Salmonella
typimurium TA98NA Z+ FAHA EIYZFY w=7}
0.5 mg/plated w EAWo] A& ethylacetate +8)
&, dichloromethane 23 E-©] hexane £ 38 &4 99~
100%% 2™, butanol BHEL 7609%ch Eo
Salmonella typimurium TA1000|4 7HHZ& Eddols
o W A G 7 FANA 2B FE5 05
mgiplated W) EAWHol A& dichloromethane F
E 37} hexane EIEoA 99~100%% .25, ethylacetate
BIEL 66.30%%9 2.1 butanol B8 ES 45.78% AT}

FAWNAFY FEIAHOET &8 27, Y, A
Hol a7t A3 gAY & BYEES Ads
A BEEE FEEY 53 TS TE
o] Z7tsle AEES RAFIUTE FAHA &
EE29 F%7t 25 mgplated o HHFEAWo
2-Nitrofluorene S 2] 3+ Salmonella typimurium
TA98 A hexane ¥ &2 FEAH] EIH64.69%)E
AP 2E ZAGNA 100%0] 717 obF €4
3 FEFIHO) TS BAFAT 25 ngplate ol3tE &
TolN eSS AR 4 EYEEE Ao
7t 2Q=8 Salmonella typimurium TA10001 A9 A
EdWol5d} Salmonella typimurium TA9IST TA1009
Ag 7H FEA)soME FHLE hexane £

i
r2

i3 & g
or 2

wg g £8 i ook
ol

09
=

120 e

Ak Kk

100 \jﬁ—ﬂ—w R
80 y o — o 3

60 - F

40—+ .

yE |
20 g! ,
0

Inhibition rate(%)

0.5 1 1.5 2 2.5
Conc.(mg.plate) |

o Hexane

L Butanol

Fig. 7. Effects of fractional extracts from Ganoderma lucidum
on indirect mutagenicity mediated by 2-Anthramine in
Salmonella typimurium TA98 with S9mix.

Values are meanstSD, n=4. Asterisk means a significant
difference by ANOVA test: *p<0.05, **p<0.01, ***p<0.001

w»awTDichIoromethane
—— Water

Eth;I?acetate ] ‘

]
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~3

23} dichloromethane EB&E9 Fi7t L5592
butanol E&Eo] AXsAh ol TEA AZEA
WHol EZAQ 2-NitrofluoreneS A& 3
typimurium TA989] FEHHo] J A= butanol
gL FEdWolsol 7Hd e, hexane £

29 mI} AQT

Salmonella

3. LMESA ANEDt

QA AFAFLAEQ HeLaol FAHA £
EES 5THE Fristy GAE 494 AEE

B A= Table 29 Zoh AZAF A EQ] He
AEY B FAMA hexane Y E(FE 1.67 mgmL)
3} dichloromethane 8 E(FE 0.50 mgmL)ofA 82~
83%9 ME ZAAA&H7F UL, ethylacetate HF
E(EE 0.50 mgmL), butanol Y E(EE 1.67 ngml),
E EYE(EE 050 mgmL)olA 43~60%2 F4GA
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Fig. 8. Effects of fractional extracts from Ganoderma lucidum
on indirect mutagenicity mediated by 2-Anthramine in
Salmonella typimurium TA100 with S9mix.

Values are meanstSD, n=4. Asterisk means a significant
difference by ANOVA test: *p<0.05, **p<0.01, ***p<0.001
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t}.

QA gt AlEQ] MCE-7¢] FA¥Al 23d &
ES s Z Fuleto ?}f‘ﬂi A AA BEE Lot
E ZAil= Table 39 2ol 34 A E£Q] MCE-79] 7
¢ FAMA hexane EHE(EFE 500 mymbL)odA=

82.16%, dichloromethane B E(FE 0.50 mg/mL)ol A

6231%2 A E ZAJAEH7E ) Ethylacetate &
FE(EE 050 mg/mL), butanol EIE(FE 1.67mg/

mL), B 2HE(FE 1.67 mgmL)oA 42~48%2) =4
AR EA7F ATk FAHA £Ad A7}st

= = |

TEE=E E'.

o fyet AEYQ MCF79 4% 50%2 ZAAZ
% 9l =%(Csp)= dichloromethane #&&o] 0272

mgmLZ 7} F& X931, cthylacetate £-8E(0.471

mg/mL), butanol E & E-(3.940 wmg/mL), hexane &

(0498 mgmL), & £ E(10919 mgmL) o] YTt
webd ZZFE A EQ Hela Al ¥ g3 AXE

e

Ef 2 dAaRe FEdo] 4 X 34 94 &%

Q] MCE-79]A] ICspl.2 A¥W XS ol dichloromethane
B3 Eo] T AxoA FLaH/t 7HE ZHew I o
L. hexane H-EE3F cthylacetate EFEo|goH
£E0] 71 &3t AdTh FAHA EIE
2 fAE AE FAA 27 ABE Bl 7Y

w3t
o

Lo e do

FAMAE w2 2olZ Foees of Wz
doz fud HAF A sl JAEHJL2H(Yun TK
¢} Kim SH 1988, Yun TK} Lee YS 1993) XAl €]
22 40,0000 thgAl £ o] sarcoma 180 A
EE o]A%t me2dAN FFF a7 Ao
(Miyasaki T®} Nishijima M 1981, Kim JS¢} Lee YS
1989) diethyl nitrosamine §ojo] 2l8] FZ¥= 7He
GST-P positive fociE #AFOo2A FAWA FEA
FEEAFQI Y Ik A gAAF S dAGtie
RAFYTHKim IS Lee YS 1989) FA WAl A2

Table 2. Inhibitory effect of fractional extracts from Ganoderma lucidum on cell proliferation in HelLa

Inhibition rate (%)

Conc. (mg/mL)

Hexane Dichloromethane Ethylacetate Butanol Water
0.05 11.49+0.63"% 18.03+2.55" 15.22+2.56" 19.70+3.41" 14.14+0.927
0.15 29.37+4.49” 66.33+8.96" 28.10+6.04™ 36.67+7.68” 36.62+3.577
0.50 56.98+0.63° 82.22+0.98 55.15+1.41% 45.9244 47 43.45+1.86"
1.67 82.93+1.39% 43.63+2.62" 33.11+1.36° 59.76+4.45Y 39.42+2.54
333 83.26+1.19% 24.97+2.00" 27.64+2.15™ 54.19+1.84°Y 38.75+4.86"
5.00 83.46+1.29% 16.48+2.42Y 20.58+0.57" 38.4242.69” 33.01+3.38™
6.67 82.67+1.35% 15.20+2.03” 15.59+0.52" 21.46+1.72% 26.12+3.45”
ICss” (mg/mL) 0.418 0.122 0.420 0.661 0.691

YValues are means+SD, n=3

“Values followed by different letters are significantly different at p<0.001
Mnhibitory activity was expressed as the mean of 50% inhibitory concentration of triplicate determines, obtained by interpolation of

concentration-inhibition curve

Table 3. Inhibitory effect of fractional extracts from Ganoderma lucidum on cell proliferation in MCE-7

Inhibition rate (%)

Conc. (mg/mL) Hexane Dichloromethane Ethylacetate Butanol Water
0.05 21.06+2.24" 14.44+1.23Y 18.08+0.81° 11.31+1.53” 11.36+0.97"
0.15 35.87+0.23” 37.73+0.85% 40.4240.76” 23.12+1.877 19.20+2.93"
0.50 40.25+1.48" 62.31+2.31% 48.35+2.01" 23.13+2.817 23.36+2.44”
1.67 68.51+2.17% 33.02+1.74 25.70+2.16% 47.16£2.01 41.50+1.15
333 77.27+0.56” 26.33+2.73" 17.20+2.17 25.34+1.80° 42.38+1.30°
5.00 82.16=1.02 22.77+1.87” 12.94x1.51" 9.94+1.37” 44.06+1.13°
6.67 82.87+0.99” 16.70+1.34” 8.43+0.80" 0.0+0.0” 44.52+1.27°

ICs” (mg/mL) 0.498 0272 0.471 3.940 10919

YValues are means+SD, n=3

Values followed by different letters are significantly different at p<0.001
Pnhibitory activity was expressed as the mean of 50% inhibitory concentration of triplicate determines, obtained by interpolation of

concentration-inhibition curve
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