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Abstract

The antioxidative effect, antimutagenic capacity and inhibitory effect of cancer cell proliferation in ethanol extracts
of Ganoderma lucidum were studied for suggestion of prevention and dietetic treatment of chronic diseases and
development of antioxidative, antimutagenic and anticancer functional food by employing biological and biochemical assay.
The ICsp of MDA with BSA conjugation reaction, lipid peroxidation and scavenging effect on DPPH radical in ethanol
extracts of Ganoderma lucidum showed 1026.21 mg/mL, 0.152 mg/mL and 0.412 mg/mL, respectively. So, the most
effective antioxidative capacity in ethanol extracts of Ganoderma lucidum was the lipid peroxidation, among the method
used this study. The indirect and direct antimutagenic effects of ethanol extracts of Ganoderma lucidum were examined
by Ames test using Salmorella typimurium TA98 and TA100. The inhibition rates on indirect mutagenicity mediated by
2-Anthramine showed 100% in the Salmonella typimurium TA98 and 98.74% in the Salmonella typimurium TA100 and
the direct mutagenicity mediated by sodium azide in Salmonella typimurium TA100 was 82.96%. But, the inhibitory effect
on indirect mutagenicity mediated by 2-Nitrofluorene in Salmonella typimurium TA98 was low(7.81%). The inhibitory
Effect of Ganoderma lucidum ethanol extracts on cell proliferation in Hela and MCF-7 by MTT test were 74.36% in
HelLa and 73.90% in MCF-7 at the 0.50 mg/assay concentration and ICsy were 0.163 mg/mL and 0.196 mg/mL
respectively. From this result, it is suggested that Garnoderma lucidum is believed to have a possible antioxidative,
antimutagenic and anticancer capacities.
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AA3 A B2 Begldle] 12% SDS-PAGE(SDS polya-
cryl amide gel electrophoresis)Z 120Vl A 3A|ZF &<t
AANE ZF gel2 Coomassie A5t Densitometer
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Fig 1. Inhibitory effects of Ganoderma lucidum
extracts on conjugated MDA with BSA in 12%
SDS-PAGE.

a: BSA(100 Ly+PBS(900 L).

b: BSA(100 £Ly+*MDA(100 xL)+PBS(800 4L).

¢: BSA(100 £LyHMDA(100 pLytsample(2.5 pL)*PBS(797.5 1),

d: BSA(100 pLy*MDA(100 yLy+sample(5 p#LHPBS(795 uL).
e: BSA(100 #L)*MDA(100 yLy+sample(10 £L)y+PBS(790 uL).
f: BSA(100 pLy+MDA(100 zLy+sample(20 xL)+PBS(780 4L).
g BSA(100 #LyMDA(100 yLy+sample(40 4L)+PBS(760 1L).
h: BSA(100 £LMDA(100 sLy+sample(80 #L)}+PBS(720 4L).
i: BSA(100 £LY*MDA(100 uL)+sample(100 L)+PBS(700 4L).

Table 1. Inhibition rate of ethanol
Ganoderma [ucidum on the conjugated MDA with
BSA

extracts of

Cone. (mg/mL) Inhibition rate (%)

25 3.6310.26"*

5.0 8.97+1.96*

10.0 20.50+336°

200 22.20+329%
40.0 26331337
80.0 29.90+2.40%
100.0 32.53+2.86°
ICsp” (mg/mL) 1026.21

" Values are mean*SE.
¥ Values followed by different letters are significantly
different at p<0.0001.

3 Inhibitory activity was expressed as the mean of 50%
inhibitory concentration of triplicate determines, obtained
by interpolation of concentration-inhibition curve.

2 ARTISHE 73248 F UE SE(CoE 0.152

mg/mLo| g1t}

3) DPPH giC|2t A &1}

FAHA o|Ere B PS5 DPPH o
3+ 21243 ‘F(electron donating ability) =, DPPH #}r)
4 AAsoR =X3) A3KTable 3) FARHA d|et-2
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Table 2. Antioxidative effects of ethanol extracts

of Ganoderma lucidum on lipid peroxidation

Conc. (mg/mL) Inhibition rate (%)
0.001 6.27+1.20"°
0.003 11.300.76°

0.010 16.89+0.72°

0.030 32.82+1.51°

0.100 50.861.06°

ICsy” (mg/mL) 0.152

" Values are mean+SE.

2 Values followed by different letters are significantly
different at p<0.0001.

3 Inhibitory activity was expressed as the mean of 50%
inhibitory concentration of triplicate determines, obtained

by interpolation of concentration-inhibition curve.

Table 3. Scavenging effects of DPPH radical by

ethanol extracts of Ganoderma lucidum

Conc. (mg/mL) Inhibition rate (%)
0.01 3.90+2.12
0.03 6.531+2.32%
0.10 12.5142.25°
030 29.82£2.60°
1.00 67.20=1.00°
2.50 92.52+2.23°
ICs” (mg/mL) 0.412

" Values are mean+SE.

2 Values followed by different letters are significantly
different at p<0.0001.

% Inhibitory activity was expressed as the mean of 50%
inhibitory concentration of triplicate determines, obtained

by interpolation of concentration-inhibition curve.

%82 DPPH @ 2AEL ARFE 0.1 my
mLA] 12.51%, 0.3 mg/mLA] 29.82%, 1.0 mg/mLA|
67.20%, 2.5 mg/mLA} 92.52%2] g}t)Z A A %S e}
WAt GAHA ele-g F2E9 Aelwzrt 718
4% DPPH g}tz &7 &4o] T7HE ¢ &+ A
. § 57| Hug A GA A 259 DPPH
gz AALGHL 01 mgmLolAE 28.1%, 0.5
mg/mLol A& 62.5%, 1.0 mg/mL Az A 91.3%2 2
A7ET %2 DPPH A|A #7445 vehdlov v 9

o4
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E(ICs0)= 0412 mymLg ). o] 9}
be 2T)2 Al B L Kang 570 208 w4l A
A 322 ol ZA31= flavonoids 2 7]E} phenol
4o 9% zZgow Ay AEBY AT

FAHA e FEEo| Iitsl TE g e
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Ames test= GAIHA o &-E FEEo] 224 g
ZAYol5e 2Ha7] dalel APBAe] 2HY
2-Nitrofluorene(4 pg/plate)s EW7 Wol|F2l Salmo-
nella typimurium TA9891], Sodium azide(2 pg/plate) & A}
L3l A7) X3 WMo|FQ] Salmonella typinurium
TA1002.2 A3 Z}= Table 49 Fig. 29} Zth
Salmonella typimurium TA98 A A2 72 B o]
o g Al e AN e FEE F
0.28~225 mgplate7tA] FEAH|Fo] gneH
4.50 mg/plate =0l A 7.81%2] & FEH ]
S BAFA ) Salmonella typimurium TA1002] 73-9-=
0.28 mg/plate F=ol| 4] 5.98%, 0.56 mg/plate F ol A
28.02%, 0.73 mg/plate E=oA 59.67%, 4.50 mg/plate
TR 82.96%9] FEAW TS HojFo] JAY
A d&E FE2E F27 7S FEAWF

FEAHO|
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Eddio] E# 9l 2-Anthramine(2.5 ug/plate)
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ppimurium TAI00C. 2 GAHA] ojets F&HE9] 7
A28 FEddolss 533 27 Table 59 Fig.
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Table 4. Effects of ethanol extracts from Ganoderma lucidum on direct mutagenicity mediated by 2-nitro-

fluorene in Salmonella typimurium TA98 and sodium azide in Salmonella typimurium TA100

Extracts conc.

Salmonella typimurium TA98

Salmonella typimurium TA100

(mg/plate) Revertants/plate Inhibition rate(%o) Revertants/plate Inhibition rate(%o)
0.28 1323 +15" ¥ 217+ 12 598+ 234°
0.56 1120£13 0* 1743227 28.02+10.89
0.73 1063£ 43 59.67+ 2.70°
1.13 85614 0* 1025+ 41 61.59+ 1.99°
2.25 79719 0* 956-160 64.98+ 7.07°
4.50 699112 7.81+3.32° 571122 8296+ 5.48°

Y Values are mean+SE.

% Values followed by different letters are significantly different at p<0.0001.
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100

80 - ot

80 5

40 7

20 /
0 ] 2 3 4 5
Extiacts Conc, (rg/plate)

Inhibition rate(% )

—+ Direct mutagenicity in TA98  —a— Direct mutagenicity in TA100
Indirect mutagenicity in TA98  — - Indirect mutagenicity in TA100

Fig. 2. Effects of ethanol extracts from Ganoder-
ma lucidum on indirect mutagenicity mediated by
2-anthramine in Salmonella typimurium TA98 and
Salmonella typimurium TA100 with S9mix and direct
mutagenicity mediated by 2-nitrofluorene in Salmo-
nella typimurium TA98 and sodium azide in Salmo-
nella typimurium TA100.

29 gk AAE BQWolol BE Ad Eae
Salmonella typimurium TA989 A 0.28~0.73 mg/plate
FAHA s FE2E FRAME FH gy
0.96 me/platec) A 43.25%, 1.13 mg/platec ] 80.71%
2.25 mg/plateo| 4] 99.87%2] EAwo] AHaj g} U
Ak Salmonella typimurium TA1000] 4 & GX| WAl o
s =57} 0.96 mg/plated o 25.51%, 1.13

==X

FEEL

mg/plate ] 74.40%, 2.25 mg/plated W] 95.97%F A
a3k k

AAA ROl EAWols S AT, AT
AgrE FZEo] A8 SdMo ol T A4
EAS AF A EAR AEHE A S A=
e GAHA s FE59 vt TESFS
B o GAdstd E9e] B A st
QRS A A e 282 Aozt 59U &
3], A1 EF o] E29] 2-NitrofluoreneZ | 2] 3} Sal-

monella typimurium TA982] YEAWHo] = E

Table 5. Effects of ethanol extracts from Ganoderma lucidum on indirect mutagenicity mediated by

2-anthramine in Salmonella typimurium TA98 and Salmonella typimurium TA100 with S9mix

Extracts conc.

Salmonella typinmrium TA98

Salmonella typimurium TA100

(mg/plate) Revertants/plate Inhibition rate(%o) Revertants/plate Inhibition rate(%)

0.28 2813+ 50" 0 284929 0

0.56 2877+ 43 o 3025 +24 0

0.73 2487+ 73 o 208420 3.50£2.15°
0.96 1172101 43.25+5.04° 1647+23 25.51+1.61°
1.13 419+ 35 80.71+2.15° 691145 74.4011.99°
2.25 37+ 99.87+0.10° 26617 95.97+0.80"
4.50 36+ 99.78 +0.14° 25619 95.54+1.21°

Y Values are mean+SE.

* Values followed by different letters are significantly different at p<0.0001.
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3. 2AMEZSA AFIE 3}

%) ARZARY M I Helas} -gurel ¥l
MCE-7¢] JAHA dge 2588 e Aol
o SAE FAAA FEE o }% A7} Table 6 2
Fig. 37} %t} HeLa Al 298] 2% JAHA &L 5
25 Fx7} 0.05 mg/mLO] g3 o—‘% Hela A XS4+
18.20%, 0.15 mg/mLo]|%1S 7% 51.71%, 0.50 mg/mL
oL A$ 7436% AshHIY L T o] FE

]

Inhibition rate(%)
=] s

Extracts Conc. {ma/mL)

[ —Hela M1 ]

Fig. 3. Inhibitory effect of Ganoderma lucidum
extracts on cell proliferation in Hela and MCF-7.

Table 6. Inhibitory effect of Ganoderma luci-
dum extracts on cell proliferation in Hela and
MCEF-7

Extracts conc. Hela MCF-7
(mg/mL) Inhibition rate(%)

0.05 18.20+2.55"% 18.40+2.44°
0.15 51.71£3.15° 39.14+2.50°
0.50 74361+1.25° 73.90+2.86°
1.67 43.13+3.28° 41.65+1.30°
333 19.66+1.35° 25.09+2.22°
5.00 14.89+1.35™ 17.91+£1.41°
6.67 10.70+0.83" 15.02+1.13"
ICs;” (mg/mL) 0.163 0.196

" Values are mean=SE.

? Values followed by different letters are significantly
different at p<0.0001.

3 Inhibitory activity was expressed as the mean of 50%
inhibitory concentration of triplicate determines, obtained

by interpolation of concentration-inhibition curve.

oln) % HERETRLER

Me GAHA dete 225 st VIEFE &
3 AE SAAAaIAI) FAEAT & T A
Fo) & 21Zd M EF2] Helac] 79 e A
AMA F2E 5 mg/mL ©]5te] FEAAE JA|&o]
16% ©)3t& Y3kt 50 mg/mLol|AlE 45%2 Z7}5}
o 100 mgmLe] FE=AE) A= 06164 22

Age] BREIT. 2 A7 AT 34 5
4 AT FASRE B ATM U % A
H 28 34 SAS HET ol & 59 A7
M g8 NET $EAA WE ARS AEHE7)

o) Folgta AFRE T A A &g F %% A7t
glo] AZAE DA T F248 50%2 Z2AZ 5 9
E 5(ICx)E 0.163 mg/mLo]lth

frareh A Q1 MCF-72] 7% 0.05~0.5 mg/mL %
AW g FE25 %57} ZHEFE AT F4
o4 &7} 2718191 0.5 mg/mLolY-g A% 84
S AMESE 73.90% MHqor] T ol FEd
| HeLa M XX} npa7kx 2 AE Z44] &3}
7} 2tk JANA dEs 285 Hrlely
50%2 SHbol ohA ¥ =X AN = Y BT
(ICs):= 0.196 mg/mLo| ATt FAHA A& 3
< 050 mgmLzZ A3tH <AA XH;L 7379 A|
HeLa$} §ubet A ¥EQ MCF-794 25 70% o)
AEZH A4 A7 ARES ¢ F 5{191‘3}-

AR WA M2 FEAF RS el gt A7
ol A 7+9bAM| . SK-Hep-19f thdlk MIT assay A3} 0.1
mg/mLe] FZoX FHAEER] SE2RFEFC| AX
2 A B 04%2 7P rha BEnEAch
EZ FANAE vk Ho)2 Foldld s W W
zydoz fd9 HAF B go] AR = om??
AW Ae] BxbEk 40,000 o]4Fe] thgw| HEol
sarcoma 180 ¢HA| 5 o] 2] & uh-p-2of| A gFF E3}
7t 992> diethyl nitrosamine Foje o] &%
&)= 7k2] GST-P positive focis #2gho 24 I
A F8 FEES Foirt 3t w A WY s

AdAgdn BaE QP

0

>" H:\ ﬂHN- ol
1o O ma

\

[o2

kO
©
He

a=

o 2RE A8 % kgo=m gy o] &dt= dAH
FZE AYH 7Tl g G4E g5 9
]lﬂ/‘“ (Ganoderma lucidum Krast)®] oeh-2 3

Aol ThEr el Aol B35 &3 linoleic acid
%?:i 214 #Aks} o), DPPH 2tz &7 &4
Z78te] kst EAHE S5 Ames testE

o w e oL X%
o
L



Vol. 18, No. 1(2005)

58 Bddo] 2 AAFS BASIE o AA &
AR AL Helash £ A MCE-79] 3
AW e $222 PR A7 £E0 we
SAE 24 oA HES Lol AThe Tev 2k

N

1. MDA g vl d 85 32 dol Ayl of
AWA F2E-S MDAS] wabAg A8 31.68%
AR Al st SVHETE AleS F
7Vt s, Fe''ol] g f=® xAe] ikl
3 Aa &L 50.86%H o Frr) SUIEFE
Ad st A& F7ksksith g DPPH
g &A SE SHS AT 92.52%2] &
A &g BYoH g% F7td wat A&
7ttt 2 SRl wet gatstE
ol ztel7} UAeH ICs o itstee
ZUA vlag e of AN FEEL A
A k) Aol 7MY Ao, 1 vhee
DPPH &}t]Zt A4 &4l o] 12 MDAS BSAS] o
243 Al /MY RStk

2. Ames testE o]-g3dled EA
ol Az} JAHA
HolFol tigh A3z}t
rium TA9RO A 100.00%, Salmonella typimurium
TAL009) X 98.74%Z A&jste] sl ot
28 Edolsel tgh A3 T3te v

=2 =

e

ERIEE
2z8e 4944 29

= Salmonella typimu-

kﬂ ofr

A HJQon 53|, AHEAHe] EHL 2-
Nitrofluorene S *| 2] 3+ A -§- Salmonella typimu-
rium TA98 A &AWl a3 A fle

Aoz Atgdch
3. MIT assay® QM| E 22 A 875 AHE 2
7} QA 22739 Al Q] Hela A =9} 41
oF A EQl MCF-7¢1 7 250X JA]B|A o
Ere 25 =7} 0.50 mg/assay7HR| =27t &
7}%‘ 5 X FAGA B3 Ssksl e
o]’g2] lﬂlﬁﬂl* © TRt TUHGE A
THEI} s °WHW o &t
E F%=7} 0.50 mg/assay©] Ao HeLa xﬂ
Fo|ME 74.36%, MCF-7+= 73.90% A& =90
o [Cso= 242} 0.163, 0.196 mg/mLo] AT

ﬂ*hv m

YA kst

10.

11

12.

. Farag, RS, Badei,

FEdde] &t 61

l]>|'

I

AZMA and Baroty, GSAE.
Influence of thyme and clove essential oils in cotton
seed oil oxidation. JAOCS 66:800-804. 1989

. Lrson, RA. The antioxidants of higher plants. Phyto-

chemistry 27:969-978. 1988

. Colditz, GA, Branch, LG, Lipnick, RJ, Willett, WC,

Rosner, B, Posner, BM and Hennekens, CH. Increa-
sed green and yellow vegetable intake and lowered
cancer deaths in an elderly population. Am. J. Clin.
Nutr. 41:32-36. 1985

. Kim, JO, Kim, YS, Lee, JH, Kim, MN, Rhee, SH,

Moon, SH and Park, KY. Antimutagenic effect of the
major volatile compounds identified from Mugwort
(Artemisia asictica Nakai) leaves. J. Korean Soc.
Food Nutr. 21(3):308-313. 1992

. Tada, M, Matsumoto, R, Yamaguchi, H and Chiba,

K. Novel antioxidants isolated from Perilla frutescnes
Britton var. crisp(Thunb.). Biosci. Biotech. Biochem.
60(8):1093-1095. 1996

. Park, KY, Lee, KI and Rhee, SH. Inhibitory effect

of green-yellow vegetables on the mutagenicity in
Salmonella assay system and on the growth of
AZ-521 human gastric cancer cells. J. Korean Soc.
Food Nutr. 21:149-153. 1992

. Lee, KI, Rhee, SK, Park, KY and Kim, JO. Anti-

mutagenic compound identified from perilla leaf. J
Korean Soc. Food Nutr. 21(3):302-307. 1992

. Park, JG, Hyun, JW, Lim, KH, Shin, JE, Won, Y],

Yi, YD, Shin, KH, Chnag, IM and Woo, WS. Anti-
neoplastic effects from traditional medicinal plants.
Korean J. Pharmacol. 24:223-230. 1993

. Cheung, LM, Cheung, PCK and Ooi, VEC. Antioxi-

dant activity and total phenolics of edible mushroom
extracts. Food Chem. 80:1-7. 2003

Mau, JL, Lin, HC and Song, SF. Antioxidant proper-
ties of several speciality mushroom. Food Res. Int.
35:519-526. 2002.

Yang, JH, Lin, HC and Mau, JL. Antioxidant proper-
ties of several commercial mushroom. Food Chem.
77:229-2357. 2002

Lie, F, Ooi, VEC and Chang, ST. Free radical sca-
venging activities of mushroom polysaccharide ext-



62

13.

14,

1.

16.

17.

18.

19.

20.

21.

9419 - o]v|4

racts. Life Sci. 60:763-771. 1997

Lee, BC, Bae, IT, Pyo, HB, Choe, TB, Kim, SW,
Hwang, HJ and Yun, JW. Biological activities of the
polysaccharides produced from submerged culture of
the edible Basidimycete Grifola frondosa. Enz. Mic-
rob. Technol. 6274:1-8. 2003

Comporti, M. Lipid, peroxidation: An overview. In:
Free Radicals: From Basic Science to Medicine:

Molecular and cell biology updates (Poli G, Albano

E & Dianzani MU, eds.), pp. 65-79. Birkhauser
Verlag, Basel, Switzerland. 1993

Meneghini, R, Martins, EAL and Calderaro, M. DNA
damage by reactive oxygen species: The role of
metal. In: Free Radicals: From Basic Science to
Medicine: Molecular and cell biology updates (Poli
G, Albano E & Dianzani MU, eds.), pp. 102-112.
Birkhauser Verlag, Basel, Switzerland. 1993

Park, YH. Effect of polyamine on modification of
biomodics by aldehyde. PhD in Medicine Thesis.
Seoul National University, 2000

Gomez-Sanchez, A, Hermonsin, I and Mayo, 1. Clea-
vage andoligomerization of malondialdehyde under
physiological conditions. Tetrahedron Letters 28:
4077-4080. 1990

Saija, A, Scalese, M, Lanza, M, Marzullo, D, Bonina
F and Castelli, F. Flavonoids as antioxidant agents:
Importance of their interaction with biomembranes.
Free_Radical Biology & Medicine 19(4): 481-486.
1995

Haase, G and Dunkley, WL. Ascorbic acid and
copper in linoleate oxidation. I. Measurement of
oxidation by ultraviolet spectrophotometry and the
thiobarbituric acid test. Journal of Lipid Research 10:
555-560. 1969

Chen, HM, Muramoto, K, Yamauchi, F, Fujimoto, K
and Nokihara, K. Antioxidative properties of histi-
dine-containing peptides designed from peptide frag-
ments found in the digests of a soybean protein. J.
Agricultural & Food Chem. 46:49-53. 1998
Maron, DM and Ames, BN. Revised methods for the

22,

23.

24,

25,

26.

27.

28.

29.

30.

Salmonella mutagenicity test. Mutat. Res. 113:173-
215. 1983

Mutsushima, T, Sugimura, T, Nagao, M, Yahagi, T,
Shirai, A and Sawamura, M. Factors modulating
mutagenicity in microbial test, In "Short-term test,
systems for detecting carcinogens”. Norphth KH and
Garner RC (eds.), Springer, Berling, p. 273. 1980
Denizot, F and Lang, R. Rapid colorimetric assay for
cell growth and survival modification to the tetrazo-
lium dye procedure giving improved sensitivity and
reliability. J. Immunol. Methods 89:271-277. 1966
Song, JH, Lee, HS, Hwang, JK, Chung, TY, Hong,
SR and Park, KM. Physiological activities of
Phelliuns ribis Extracts. Korean J. Food Sci. Technol.
35(4):690-695. 2003

Kang, YH, Park, YK and Lee, GD. The nitrite
scavenging and electron donating ability of phenolic
compounds. Korean J. Food Sci. Technol. 28:232-
239. 1996

Bok, JW, Lee, SK, and Kim, BK. Studies of deve-
lopment of new pharmacologically active com-
ponents of Ganoderma lucidum. J. Korean Biochem.
27:149-153. 1994

Miyasaki, T and Nishijima, M. Studies on fungal
polysaccharides. XVII. Structural examination of a
water-soluble, antitumor polysaccharide of Garo-
derma lucidum. Chem. Pharm. Bull. 29:3611. 1981
Yun, TK and Kim, SH. Inhibition of development of
benzo(a) pyrene-induced mouse pulmonary adenoma
by several natural products in medium-term bioassay
system. J. Korean Cancer Res. Assoc. 20:133. 1988
Yun, TK and Lee, YS. Effects of Ganoderma fuci-
dum on mouse pulmonary adenoma induced by
benzo(a) pyrene. J. Korean Cancer Assoc. 25(4):531-
538. 1993

Kim, JS and Lee, YS. Effects of Ganoderma lucidum
extract on the development of rat liver preneoplastic
lesions. Korean J. Toxicol. 5:135. 1989

(2005 19 132 A4 2005 2¢ 7Y x)eH)



