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Abstract

The antioxidative effect and antimutagenic capacity in ethanol extracts of Lentinus edodes were studied for suggestion
of prevention and dietetic treatment of chronic diseases and development of antioxidative and antimutagenic 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 Lentinus edodes showed 74.58 mg/assay, 5.747 mg/assay and 0.939
mg/assay respectively. So, the most effective antioxidative capacity in ethanol extracts of Lentinus edodes was the scavenging
effect on DPPH radical, among the method used this study. The indirect and direct antimutagenic effects of ethanol extracts
of Lentinus edodes were examined by Ames test using Salmonella typimurium TA98 and TA100. The inhibition rates on
indirect mutagenicity mediated by 2-anthramine showed 91.67% in the Salmonella typimurium TA98 and 96.60% in the
Salmonella typimurium TA100. The inhibitory effect on direct mutagenicity mediated by sodium azide in Salmonella
typimurium TA100 was 22.83%. and mediated by 2-nitrofluorene in Salmonella typimurium TA98 was 5.34%. This data
indicates that ethanol extracts of Lentinus edodes have more effective effects on indirect mutagenicity than direct
mutagenicity. From this result, it believed to have a possible antioxidative and antimutagenic capacities, and taken for the
candidate of prevention and dietetic treatment of chronic diseases and development of antioxidative and antimutagenic
functional food.
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EdRlo] A3t o F=A] S8 Hauzt ok & &
IHA oS-2 F+5E9] Malondialdehyde(MDA)<l] th3h s
o] B& &9} lipid peroxidation 4|8 &3}, 1,1-diphenyl-2-
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A7) FAE O B2 dxsta, ZA% & 498 W Ba
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2. ostE £&29 M=

FuHAle] deg FEEL ARAIFE LG 9ol 20u8)
9] 95% oA ehS-& 7lste] Aol 2447t FRL 23] wHE &
%3] Whatman oJ3}%] No. 62 oJ7}3h & ofzjell g 34 2
IS 7(EYELA, Rotary vacuum evaporator N-N series, Tokyo,
Tapem) 2. 7%t 523 F WE BB} dimethyl sulfoxide
(DMSO)sl| 5o] 2|2 Bhaksh 4] 24, DPPH 2iciz 47
B4, Ames testS 9)3F A| B8 AME-3151 11, MDAS) BSA (Bo-
vine serum albumin, Sigma, Mo, USA) conjugation 2j#l} 4
AEE YN E Ax A 8E 80% NESE F23 TS o
Hael BEAA

3. st gt &3

1) X|& aiikstEnt EHYEIo| 248 oA S}

Park®2] ¥l o] u}z} BSA, 2 mg/mé, MDA, 20 mM, ¥ 1
A 2ZE, 0.1 M PBSE &§3le 37TollA] 24413t ¥F2A1H
t}. o]} BSA gAY 2o Bradfordd & AH&-51%] 1, MDA
% Gomez-Sancheza™2] HhHoll whe} Az} WAl
A& 500 ufZ Centricon(Amicon, Centricon YM-10, USA)<]|
© 3 1,400xgol| A 2A17F F2t 941 E-2] 8fod(Beckman, Model
J2-21 centrifuge, Oregon, USA) MDA$} BSA®] A3IE-S )
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2ot 9] & T& AHATh AAH L L WY E
33] AASHET) A3 A B8 Bl 12% SDS-PAGE(SDS
polyacryl amide gel electrophoresis)E 120Vl A 3A|7F B¢t A
A%t &, gel S Coomassie &5} Densitometer(Vilber Lourmat,
BIO-1D Image Analysis, Vilber Lourmat, Germany)®. 7 23+
The, A3 E(inhibition rate, %) A=3}AT).

2) X1E ks oA S 53
Saija 57”3} Haase 5°°9] Whio] whe} Fe*'ol| oj3) f=9
linoleate®] 3}aksloll T3l 234 43-2 TBA(Thiobarbituric acid,
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MO, NY, Sigma)=2 2H4A174 223+ th 10 mee] 10 mM li-
noleate -8-Hof] AJR 20 wZ 7}5}31 37°C shaking incubatoro]
A 1A1ZF E<t shaking A]7) 3, 0.05 M iron sulfate(FeSO; -
TH0) 20 pbE F7HeE v A 37Coll A 2413t F<4tF shak-
ingsled 443} whe-& AT X2l € linoleate -89 800
E 4CollA 10 min F<t temperingA]7] 12, 400 109] TBAZ
713 g & 3151 3 boiling water bathol] 4] 15 min E<F
A F 525 Eof] YAAH ) W 2] n-butanol
1,120 pf 7}8}3 & A& The 250xg® 20 min E<F GA1EE]
&}o}(Hanil, Union 5KR, Incheon, Korea) n-butanol =& |3}
535 nmellA 4 %=ZE =% (Molecular Devices, SpectraMAX
340 pc, CA, USA)3IITh Fe™'oll ol =% linoleate] THAF
glofl Uik oA EA4 S TBAE A7l RS 100%2 7H3
S o, EaHA e FE2ES A8l 50%E 4
Al F = TE(1Co)E JERN 1, inhibition rate(%) S A+
3ok

3) DPPH 2iCizt &7 &M

Chen 5] W¥o]| le} DMSO 10 wi(th 27} DMSO]
= FEHE 3AF AJE 10 wof 200 «M DPPH/ethanol
190 Z 713 F, 37ColA 30 min F<t A7) The 517
moll N FEEE S5t} 2Tl ] AE2 Y-S
wo] FFe] i A
100%2 3190& o) FowA oles 28-S #vlsle] DPPH
oS 50% 278k AR FEZ 02 Ve,
inhibition rate(%)Z& A+&3}T).
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Salmonella typhimurium TA98, TA100 T5-Z o] &3l &
Mol ST FV1H R o)F 759 histidine
874, deep rough(rfa) S 0], urB S o]9} R factor
o 7 FHL BRIt ©)5 = nutrient broth(Difco)
o A%, wfokated F=reY 1 m DMSO 90 mUE 7] W
B tbeo] 9] 4] 2(Thermolyne, Bio Cane™ 20)o]]
HASPHA AME-SISTE Master plateo] wj¥e FFE nu-
trient brothol] F&3}a] 37T A] 14~16A]17F <t 2 ehujok
(KMC-8480S, Vison Scientific Co Ltd, Seoul, Korea)3t & 1~
2x10° cellymle] MEr} HEZ k) AYo| ARasT)
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AHEBIR e, 2 EQRle] EXEE 3744 B B
A9 2-Anthramine(2-AA, Sigma, MO, USA)& A}-£51%1 11, 2]
A E¥Wo] E4 2= 2-Nitrofluorene(2-NF, Aldrich, WI, USA)
9} Sodium azide phosphate(Sigma, USA)E A}t 2-AA
9} 2-NF= DMSO¢]| o] A}8-819) 31, Sodium azide phosphate
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= TR Fo ST 7 2ade] T EE L 2-AA
o] 739 TA983} TA1009)A 2.5 pg/plate, 2-NF= TA98SA] 4
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=2 AHEEFT

FEAH] I AP E 3 v E A eke] ZA| = Ma-
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I FE Al diat 24 E2o] a3t 7hy 9o
EdE A8 o= S9 mix(11-01L RAT LIVER LS-9, Mol-
tox, NC, USA)E A7}5t3t}. DMSOd| =<1 Al 8. 90 whe} vl
¥ AFAF 0.1 m, EAWo] £L B2 10w, HF EA
HolgolE 0.5 mée] 0.1IM phosphate buffer(pH 7.4)Z, 714
Eddolgol= 0.5 mlo] S9 mixE FHH A|F B Hrgh
3 7PH A vortexdled 37°C shaking water bath(KMC-1205SW1,
Vison Co Ltd, Seoul, Korea)ol| 4 305 59t on] vjks}lsich

" 0.5 mM histidine/biotin -§-1-2- 100 md 10 mé H7}3k 45T

% =9] Top agarE 2 mé¥] 7} AJAe] R 3%3F vortex 3 -
minimal glucose agar platol] Yo} o8 Wgko g 7]&a] 12
HAA g & ZA skt 1 9L platesE HFHo] 37T incu-
bator(VS-1203P3, Vison scientific Co Ltd, Seoul, Korea)o]|x] 48
AIZE B gt & Ztzte] B S o] F(revertant colonies)E
AlG3ld L, EAMo] <A S(inhibition rate, %)= T3 Th

5. A Azl

23] A= SAS Package(Statistical Analysis System, ver.
51)% ol &5te] Aelsiich. 2 AP Eoict dojele) BB
EE QA A=, 4 AT x| Aol &
2442 ANOVA AA] & p<0.05 A4 Duncan's multiple
range testZ 73733} th

Za ¥ onF

1) X|&@ DpotsiESa) EHEo] A8 ANl &3t

Fuwalo] Avela BHE xF itelEo] whlds
A3k vhe-2 AAlslEA g gobazl 02 #mole MDA
9} 02 mg BSAS| WA &g FE2ES TEE YUt
o A7|GET F o8 URTe AT = Ui Asem
FEA8 A= Table 13} Fig. 13} 2t} A]89] 57} 10 mg
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Table 1. Inhibition rate of ethanol extracts of Lentinus
edodes on the conjugated MDA with BSA

=2 FG T A

Table 2. Antioxidative effects of ethanol extracts of Len-
tinus edodes on Fe*'-induced linoleate peroxidation

Conc.(mg/assay) Inhibition rate(%) Cong.(mg/assay) Inhibition rate(%o)
10 19.82+1.20° 0.01 242+1.24°
20 26.79+1.53° 0.03 5.82+1.21%
40 50.26+0.83° 0.10 7.20+0.61°
80 55.96+1.51° 0.30 11.02:1.73°
160 57.60+1.39° 1.00 12.23£0.90°
320 64.31£1.09° ICs”(mg/assay) 5.747
400 75.56+2.64° Dry Sample w.t.(ng) 3343
IC503)(mg/assay) 74.58 Y Values are mean+SE,
Dry sample wt(mg) 310 ? Values followed by different letters are significantly different at

Y Values are meantSE,

% 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.

b d e g h i

Fig 1. Inhibitory effects of ethanol extracts of Lentinus
edodes on conjugation of malondialdehyde with protein.

SDA-PAGE of extracts with MDA and BSA on 12%
acryamide gel,

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

b: BSA(100 ¢)+MDA(100 p£)+PBS(800 1),

c: BSA(100 p8+MDA(100 plytextract(10 ()+PBS(790 uf),

d: BSA(100 1£)TMDA(100 plytextract(20 wf)+PBS(780uL),

e: BSA(100 pfy+rMDA(100 plytextract(40 pl)y+PBS(760.0),

f: BSA(100 /£ytMDA(100 ulytextract(80 wl)+PBS(720 10),

g BSA(100 1ytMDA(100 fytextract(160 pf)+PBS(640 uf),

h: BSA(100 p8rMDA(100 pl)textract(320 wf)y+PBS(480 1f),

I: BSA(100 £ytMDA(100 plytextract(400 w0)+PBS(400 wf).

2220l A2 FAEE MDAZ} w49l BSAs A
e AE A Aol 95e & 5 gtk AL B

AEehs RE 50% A= ICso-> 74.58
g Az A7 FARZ skebA 310 mgo|th

p<0.001,
3 Inhibitory activity was expressed as the mean of 50% inhibitory
concentration of triplicate determines, obtained by interpolation of

concentration-inhibition curve.

2) XIE zptst AR g3t

Fe™*ol] 28] $= linoleated] F}431E G8H= 2o
X EawhA oehg 328 9@ XY I8 oA TS A
HE A= Table 29} 2t} WAl ek 2280 2
0.01 mg/assayA] 2.42%, 1.0 mg/assayA] 12.23%2] A& B
gon, et 22E9 vt Z/E4E A Fitale)
QA =7t F7hsI o, Adle-L Rk Fe'o o8 &
=4 linoleate] #Hit3lo] T3t A B4 TBAR A7)
A& 100% 7M1 W, Al olehe 258 7
slo] 50%2 A4 IS A e FE(Co)E 5747
mg/assay©| A 21, 0]& AZ FA= g4kl 3343 mgo|th.

3) DPPH 2iC|&t A7 &1}

FOHA g FEE9 §i3ls-g DPPHe tigh izt
Fo] *2(electron donating ability) 2, DPPH Zlt]Z AA S0 =2
5793t A¥h= Table 37} 2t} FuA oflghe F&5E<] DPPH
T 2AEL AR T 0.02 mglassayA] 4.46%, 0.5 mg/assay
Al 16.28%, 1.0 mg/assay*] 26.90%2} 2t]Z Al A%< Ve
Aok FaHA Cekg FEE9 A v} 27185-= DPPH
gzt &7 @40] F713He € 4 YTk Kang 7% B3
A 70% SERS- F2EolA] 0.2 mgellA] 3.6%. 2 mgoll A 38.0%
©] DPPH =}t]d &A 0] &S Bk 3, DPPHE
Arlete] b3 g AT = TEE 100%E 519
< o, EuA oeg F2E8 A7Isle] DPPH &t2-S
50% &A3h=s AlR2 FE(ICso)e 0.939 mgassayQ L, ©]S
Az SFoz sk 546 mgolth

FawAle] gatsl Fatol) tigh o] de] BaelA Lee 5
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Table 3. Scavenging effects of DPPH radical by ethanol
extracts of Lentinus edodes

Conc.(mg/assay) Inhibition rate(%)
0.002 1.39+£0.47°
0.006 2.5240.21%
0.020 4.46+0.34°
0.060 8.65+1.04°
0.500 16.28+122¢
1.000 26.90+1.05°

ICsy”(mg/assay) 0.939

Dry sample wt(mg) 5.46

Y 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.

2 EuWAY diethylether &A= 3835%, Fe+% &
ZEAAME 96.09%2] AA} Fod ZHEo] Uitha Bk
t}. 39, §ASE A3 o2 Oh 9 GAHAl dae 22
E9] DPPH &0z 2482 A& ¥12 1.0 mg/assayA| 67.20%,
2.5 mg/assayA| 92.52%2] izt A A5-& e} Al
2 GAHA vlg] DPPH ft]zt &7 Eo] B2 A& &
T AT} ol g 2 FHUZ A A AL F2 WA A A
FZ8 ol &A1} flavonoids 2 7]E} phenold] E2df| <
3 o2 Ansed, Jusld o5 B A8 A
B 84 A% Szl Axte golsle A8ks dAEe &
#7} A3, Kang 5% F Al phenold B2 o] 24
gty Hauskyr) wifo|th

ETHA dgg FEE9 i3t 295 S8 9E)
MDAS¢} BSA conjugation Y&, 2|2 #}iks} o) €4, DPPH
gz &A 48 43 47, TuA dEkE FEES

FgEddo] &3} 345

Ztzye] 23w ta) kst A3l Ao S w
2} ksl Bahe] Jx=E Apolrt YT ICsnS& MDASH BSA
conjugation &} A| Whg-oj| A 74.58 mg/assay & 7+ EL7F =%
o, TS XA Fks} A B 0 2 5747 nglassay O

Vg we TR ICxe DPPH 2itjzt &7 &40 % 0939
ng/assayATh WebA] ICn o2 HLS W] Al oehd 3=
%52 DPPH 2ltjz &A o] g ez /1 958
& & 9ol L ohee A Iatel A Eadelgl on, Thi
A AE JAee ga3E 7MY AdS S 4 5 IStk

HolieS 3 38l] 98l A3 ol 42l 2-nitrofluorene
(4 pgiplate)ys S8 Wo|5=% Salmonella typimurium TA98
o], Sodium azide(2 pg/plate)E AL-&3la] Q7% 2|3k Wolx
Q1 Salmonella typimurium TA1002.2 213%+ A3} Table 4
9 Fig. 29} 2t} Salmonella typimurium TA9R) A 23 =&

]
120
£ 100
£ 80
5
r //
3 40 : —
0 | ) , : 5
my/ assay
——Direct mutagenicity in TAI8

= Direct mutagenicity in TA100
—a— Indirect mutagenicity in TA98  ~s¢— Indirect mutagenicity in TA100

Fig. 2. Effects of ethanol extracts of Lentinus edodes on
direct mutagenicity mediated by 2-Nitrofluorene in Salmonella
typimurium TA98 and sodium azide in Salmonella typimurium
TA100 and indirect mutagenicity mediated by 2-Anthramine
in Salmonella typimurium TA98 and Salmonella typimurium
TA100 with S9 mix.

Table 4. Effects of ethanol extracts from Lentinus edodes on direct mutagenicity mediated by 2-Nitrofluorene in Salmoneila
typimurium TA98 and sodium azide in Salmonella typimurium TA100

Extracts Conc. Salmonella typimurium TA98 Salmonella typimurium TA100
(mg/plate) Revertanis/plate Inhibition rate(%o) Revertants/plate Inhibition rate(%)
0.5 1,102+132" 0 2,189+134 0°
15 1,125+104 0 2,184+ 93 1.20+1.20°
2.5 1,151x142 0 2,1344151 0
35 1,098+120 1.12£1.12° 1,963+124 12.30+5.10°
45 993+ 45 5.34+0.52* 1,557+ 98 22.83+1.54°

" Values are meantSE, ? Values followed by different letters are significantly different at p<0.001.
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Aol et Ad] Ao EawA g e FE2E 5
= O.5~2.5 ngplate7}x] FEGHo]5o| Y, 4.5 mg
/plate FEOA|A 534%9] W FEAW] FES HAFY
t}. Salmonella typimurium TA100Q] 79+ 0.5~2.5 mg/plate
SEolA EH¥o] A A-go] I e, 3.5 mgplate F=ol
A 12.30%, 4.5 mg/plate FEo A 22.83%2] FEAWHo| S
Rt

734 &9 o] 42l 2-anthramine(2.5 pg/plate)S AH-
&y Salmonella typimurium TA98%} Salmonella typimurium
TA1002.2 FTHA oferE FE5E9] 7113 & FEAR o
5% 2733 Axh= Table 5 2 Fig 29} 2t b 28 4
Hol ol et A8 &I Salmonella typimurium TA9Z A
0.5 ng/plate EHA A& F2E Frodre L7} I
o}, 2.5 mg/plateci| A 61.34%, 3.5 mg/plateci| 4] 87.60% 4.5 mg
/platecl| A 91.67%2] EAWe] A& A7} Yt Salmonel-
la typimurium TA1009\ M+ E8A A F2E9 &
7} 0.5 mg/plate ] 1.52%, 2.5 mg/plated w 60.33%, 4.5 mg
/plated W 96.60%°] EAHC] AA|FE HAFUTh

Kang 592 Fa A 328 290 tiael guiold
<1 mitomycin C7} F231= DNAS] EQWolE A=A
€ E. coli PQ37TE A A A FEZE SOS chromotest 7|'H .2 A}
& 2o, Faes F5Ee) SANo] oA YL AR 3
P Sigsiel Bsdslon, gLl 9 228
2 e FE2E FEAWIAL 39% E 61% A=A
3 B3t
FIMAFE] FEdd
2280] e BAWlA
EgHo] EFR % 3’&5%: 31-% jrled
U, &4stE Ed¥o] B A APt EARG S
Adhs 282 AegE 390 53], A gdWe] &
2 Q1 2-nitrofluoreneS A ) 3t Salmonella typimurium TA989]
FEHH0| B B AdxdodA e AY e Aoz AL
g9

2

N

[‘

olwl< A FIFA

Qo 3 AE

AR A% % Fgo2 Yo ol §3ke Enuid 33
B0 g3 7]l e S-S 28] fste] Tl
(Lentinus edodes)2] o|&t-g FZE2 MDA gt thiz o]
B3 g3, linoleate o]-§-3 |2 #4ts} 94|, DPPH #H
Z A7 @S Ssle] I BAE SHBIN L Ames test

£ 53 9ol 2 JAlTE AT
L X4 #lelEe] gt did B3 33E dopd 23,
T A olehe 3252 MDAS] wat 23 F4S 400
mg/assay ©)AL ) 75.56% A #N8k%3, Fe¥'oll ofa] &
=¥ 229 Hikste] ot A3)&2 1.0 mglassayd W)
12.23%% .21, DPPH 2tiz &4 84S 593 23,
1.0 mg/assay & ® 26.90%<] AMa&& Bl ow, HelE
27t MR A e ST mE 2 &%
Holl whet 3Aatst gl zte)7t YA, ICs 2
bl A HlaE S o EaHA FEE
& DPPH }t)Z &A E4o] /M st e, 1 v+
£ XA 2k JAl5ol%l 3L, MDA} BSAS] watd g
ARl TS 7P wuh

2. Ames testE 0] &3t] EAW0] FE IRl TS Lol
A7, EaMA e FEEL TIPS EF¥lT
o g AsNA-L-L Salmonella typimurium TA100) A
96.60%, Salmonella typimurium TA98%A 91.67%ZE &
29 538 2yt AYe S0l e A
3= Ae, A Sd¥e] £2< 2-Nitrofluorene
E 2|3t A%, Salmonella, typinurium TAI8A A =
o] &= 5.34%% 31, Sodium azideE ]2} &} Salmonel-
la typzmunum TA1009) A &= 22.83%2] & HEHH 0|
243 HAFh WPE}H EaHA dgE FEELS
RAE B0l E dAgtet EAUE ¢ &
AT

2 Ao iz gumAe sk, I E

l

N

Ho]/gol

Table 5. Effects of ethanol extracts from Lentinus edodes on indirect mutagenicity mediated by 2-Anthramine in Salmonella
typimurium TA98 and Salmonella typimurium TA100 with S9mix

Extracts Conc. Salmonella typimurium TA98 Salmonella typimurium TA100
(mg/plate) Revertants/plate Inhibition rate(%) Revertants/plate Inhibition rate(%)
0.5 3,653+205" 0 3,728+444 1.52+1.52°
1.5 3,066+113 13.04+0.63° 3,2024325 13.04£0.63°
25 1,138+ 76 613422 84° 1,510+106 60.33:4.27°
35 386+ 17 87.60+0.51° 396+ 28 92.87+1.44°
45 267+ 46 91.67+1.61° 263+ 30 96.60+1.09°

Y Values are mean+SE, &

Values followed by different letters are significantly different at p<0.001.
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