J. Korean Soc. Food Sci. Nutr.
30(6), 1287 ~1292(2001)

EREB PR

dio] A FE29| S=HO0|RM U Quinone Reductase 7+ &1}

= +
utAE| - Z=0l* - ol
QBT AlEE s
‘st sMR IR

Antimutagenic and Quinone Reductase Inducing Activities of
Hericium erinaceus Extracts

Sun-Hee Park, Ok-Mi Kim* and Kap-Rang Lee'

Dept. of Food and Nutrition, Yeungnam University, Kyungsan 712-749, Korea
*Dept. of Hotel Cooker, Taekyeung College, Kyungsan 712-850, Korea

Abstract

The effect of Hericium erinaceus on the mutagenicity in salmonella assay and quinone reductase activity
in hapalclc7 cells were studied. Antimutagenic as evaluated by Ames test, the extract and fractions of Hericium
erinaceus had no effects on the mutagenicity by themselves. However, methanol extract and fractions from
Hericium erinaceus showed strong inhibitory effect on the mutagenesis induced by N-methyl-N'-nitro-N-
nitroso—guanidine (MNNG) and benzo(a)pyrene (B(a)P). Among the solvent fractions of methanol extract, the
hexane fraction, the chloroform fraction and the ethylacetate fraction exhibited stronger inhibitory activity
against MNNG and B(a)P induced mutagenesis than butanol and water fractions. The methanol extract, the
hexane, the chloroform and the ethylacetate fractions of Hericium erinaceus induced the activity of quinone
reductase, an anticarcinogenic marker enzyme, in murine hepalclc7 cells while the others did have little effect

on the enzyme activity.
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A a7} 1oyl wel Aol digh A& o] S FolA|
A =9 eh(12,13).
E3] w2Fdle] WA (Hericium erinaceus)& .8 A%

Bl 2]4- g k2 0 & o] &5|o] gt o] 7}-2A Fg4o B
oI A Ak e R Fel T Aol
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= xFTde] HAl e ZRE X} X BAE o] & 757

Ao| FeEo] 7 FE7HA] WE 52 (15) E3 Fg o]
HAle] A FENe] A E F4 94 &7 ¥ Sarcoma
180 A = of] ot gFoF 3yl B = r/]-(16 17). o]} 2
o] m-Fello] WAl AtANE 7HA RS 2335} o

] vhofak Al g EA S 53t S 7;1 2 RaE 3
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i B AFf s xRl A FEE] §EA
Wol gl o} oiu} F 115 7 W str] 93k, Salmonella typhi-
murium TA9BZ TA100E ©]-8-3 Ames testZ2A] 5

o]l A& A E]E F Hepalclc? AlE A gl ofv} & 24A<l
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quinone reductase®] - &4 &35 8w &3 s}

ME o

W]

E AP A7 = FT o] AL 2 g Flow
FE] FHe Zle g SAd F ALL-3t AL, Salmonella ty-
phimurium TA93%F TA100 & v]= 7= o} thatel B N.
Ames 2L FFE] AFrol ALR-3 g o} Fod o] frl gl
N-methyl-N’-nitro-N-nitroso-guanidine(MNNG), benzo
(a)pyrene (B(a)P)-2 Sigma(St Lois USA)AL 2 ¥-el 3418}
s1ov, 7let AGEL BF £ UdFE A

kgl ohg,
7 ].6} F 8A] 74! 33]
. 5% AZAA DL
222336 92 AHEsT) o] 23 EL vhA) A4k 27
T 33l 208 Arbsle] B3lojToa] BEEe
E )2t 23] 5378 g)
Al SREXE JHE
olAlEHlo| B Hele-g 7}z 3WA F&sle] 2R F2(42

), oA g0l 2(0.8 g), FEHS 23
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Amesst Maron(18)9] W&ol o s A st &, vz
=7 A7) capped tubesll Al & 50 pL, E91 o9l 50 uL, S9
mix 500 pL(=] e} 8l2] 79 0.2 M phosphate buffer),
T 100 uLE @ 32 37°Coll A1 20859} preincubation*] Zt}.
o] A& top agar 2 mLe} £ ¥ 3 29 Hal 2| (minimal
glucose agar plates)ol] 15 =23t vt 37°Col| 4] 484]2F
vl Fst F wix] 99] B-AMo]F(revertant)?] 2 +&
Algstd et A A &4 A A2l microsomal fraction &
S9 mixture A =+ Ames®} Maron(18)2] v o & A 235}
Ark & Al 5o whate] 370 H A PulR] S ALgs] o,
Holslof] sk A &b ol E42) BA o) 7 Al v e
Al & (inhibition %)= Yetlislch. & A g9} wWolsd &
Ao FEe v AYg i AAsA

Mz=sd X

Hepalclc7(mouse hepatoma cell) A 5 10% fetal bovine
serum¢(heat and charcoal treated, FBS)-& &3} alpha-
minimal essential medium( ¢ -MEM) 8] 2] o] 4] ujoka}sdc}.
A & 138 A 2wl <F plate(100 cm’, Corning) | 4] mono-
layer2 l2}A| sfgl.ow, miF 271-2 37°C, 5% CO=2 %
shdch AR A B4 (cytotoxicity)2 MTT assay(19)Z

- 718w

- o173

o] &3}ed At WA wkE Al EollA vl x)F A A

-2 phosphated buffered saline(PBS)-& 37}t 7} A
412 & PBSE tpA] A AL 0.25 9% trypsin-EDTAS 3
7Fate] 37°Cell A 58-7F vl oFsle] A Z7} culture dishe] vlb=h
L2 R 3 FelEdeA Al ez faAgd F A
5 Hrlete] A £33 o AlE £E5 1x 100 cellymLE =
Asle] Aol AHa3trl T AsEe A AGgG sER
DMSO¢I &3] A1 A 0.22 um membrane filter. = o} 33k 3 A}
£-3}9it}. 96-well platedll 89 2 A EZ 528 198 L4 &
F3F F 37°C, 5% CO: 3l A 24 A7} vl oF&t e}, o 7] ol
Zt 3= A8E 2L H7eke] 48 A 7F F3F oA v odgt
¥ MTT(5 mg/mL) £ 10 uL& Z+2+ A 718k ol 37°Cell
Ay 4 A7 wjekgl 3 Wi X & A A stz 2 wellell DMSO 100
uLE #7138k ¥ microplate reader(Bio-Rad Co.)E O.D. 540
nmell A F2E=E FA3UCH

M|Z 2| quinone reductase(QR) &M &3

Hepalcle7 M| % plate(55 cmdel] 3 10%/mL F =2 25
3ka1 48217k gl vhg, AR FER AR A EE A
7Fslod 24417k o] wioF3tsdch woko] E = Wiz & A A
&3 PBSE 5 mL#¥ 33] vhE-3}od A3 s}¢d o). Plateol 0.25
M sucrose 49 1 mL& 7}38+3L, cell scraper ©] £-3] A &
433} ultrasonic cell disrupter(50W, Kontes)oj| 4] A3
& #AFs o A2 FA S 14 #2](1000x g, 1048-)3}
o] A& AF3-E QR A4 il 3tk FA o A&
39}t QR A AEAIS Benson S(20)2] M ol Wt 26-
dichlorophenollindophenol{DCPIP)& &4 A 7]+ A5 &
Aste] Jehycl &, uk-g-A 3mlLel| 25 mM Tris-HCl(pH 7.4),
0.7 mg BSA, 0.01% Tween 20, 5 uM FAD, 0.2 mM NADH,
0 %= 10 pM dicumarol, 0.2 mL A| 2g4A 8- E}sled A=
3tgl}. o 7]l 40 M DCPIPE H7Fgto 24 wh-g-& Al 3}
3132 600 nmell A 2% <t scanningS -8 3Ack QR &
284 187 2 AE ' F8 29 DCPIPS] molor extine-
tion coefficient(2.1x 10" M 'em ™ )25 $49 DCPIP]
oF-& AAbsl s A A ] Tl ghekg &4 3hod nmo-
les DCPIP reduced/min/mg protein2 & vebjeict A=
T A} A Feke Lowry H(21) 22 &4 8leic)

EAEY
=73t 7 A 5ol gk A3 A SAS programE ]
£-3}e} Duncan’s multiple range test® ¥4 3}gich

L RZU0| HA2| SsciHoljY Fo}

Fgdo] A 283 0 $8E AArt Edweldd
A& et eA == F55 g 5A4E detdle
2 & gtelslr] ¢)5ho] Ames testZ FES B Fa 252 =



FZdo] WA F2E9 gEdAwWe|¢Al 2 Quinone Reductase +% A3}

el A ook AR, Al B 5 X F7kell ©E his+ revertant
colony 2] F7te] gliz A& Kol & Ao A7 %
o] Fxol A A F ApA o ot Edwe|UAE e AL
2 epdot ety gl WAl FEE0] Ednie] o
AZ8-& A 2317 f)3te] A, A WEAS 371 of
E dghEAd g A EHE A Hgit

MNNG+ A4 Fado] 122 A E WA alkyl diazohy -
roxide?] &4l £ A=A A2 Eal¥ F alkyl ions
&A1 ste] DNA 917]9] nucleophilic site® 97 31813 DNA
Ak, QYA olake] Wlo|F W o7 Ao R dedA olrh22).
EEFgo) HAS HlA] Wer&-2 FFsle] S typhimurium
TA100 T ollA4l MNNGell th & Ednle] a3& HEF
A7} Table 1o A] 2} 7ol “115*9‘ FEE 25% ol BE

A5 SR A 91% o] 4be] 4 A e 5.3 vhehgl ovd
SrE ZAAAE FE LAY FEDRIUYE A

vhebt ] efgprt. olei gk Adtw F WA oA vvke
%% 1 S. tvyphimurium TA100°]4] MNNGel| dldfef x

Al B F T4 90% o] 4o H-2 Fdwe] AAAINE v}
Wglor FEE7ke & W3le A dsivhs Ba(23,
24)9} AL A s ek

39 B(a)P-& S9 mixtureel 284 DNAS} ¥h-g-Ado] 7
g EA R e Edde] A& Vet 1A Wol
o 2 #HZF )ab4kE-2 dihydrodiol epoxideZ} DNAS}H ¥H-$-3}
o] DNA WA 2 7|4 £d-& 293te] s &S 233
EFEE A g Fadel (g vty &e A
UTH25). whepa] e F g o] WAL B(a)P*"ﬂ gk g
ol A2 S. typhimurium TA 983 TA100] o 3} 4 &3}
Az} T g5 L5l v JAGAA S e e
FFol A o) AA A= HhE = FEell vl sEA Ftet
of % 9 &Ml AL Bt 53] 10%2] NE F
Zol & TA989] 7% 74%, TA 1009] 7 $-& 87 %] =&
A 8} £ 245 b A cHTable 2). o] 9h3bo] F-gfo] WA
kg 2552 A 4 7hy Wo el dief w2 FEdw
o] A7} ol&& #Hald & et o]l kFF o] HA
wEtg 22 Eoll4 ghEadwe] Ao E Vel A Fo)
od EA Q7S A Estux} 40 obE el AL FR
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Table 1. Antimutagenic effects of methanol extracts from
Hericium erinaceus on the mutagenicity of N-methyl-N'-
nitro~N-nitroso-guanidine (0.2 pg/plate) in S. typhimurium
TA100

Treatment Revertants/ Inhibition
plate rate (%)
Spontaneous 129+ 12"
MNNG 904+19
MNNG + Methanol ext.
1096 160* 5 96
5% 168+ 11 95
2.5% 198* 9 91

1289

Table 2. Antimutagenic effects of methanol extracts of Her-
icium erinaceus on the mutagenicity of benzo(a)pyrene (10 ng/
plate) in S. typhimurium TA 98 and TA 100 with S9 mixture

Revertants/plate
Treatment Inhibition - Inhibition
TA® rate (%) TAI00 rate (%)

Spontaneous 60+ 2V 127+ 5
B(a)P 705+ 11 780+ 18
B(a)P+Methanol ext.

10% 227+ 3 74 215+ 7 87

5% 3Bl 6 55 367%12 63
2.5% 428+ 5 43 411 5 57

"The values are mean®SD of 3 replications.

23 F od olAHolE, HEtE F 228 B FE
dwe] A¥E FaAsgcl 1 A ol F FHESS MNNG
2 B(a)P 4o E JAAAE 53] A4k, 2=
5, "ol HolE FEEFo] t] & dEAH] AFHE
et en A8 FE 10%9] 2% 90% ol 2 8

oiwlo] A 3E B¢ vH(Table 3, 4). ¢]21 ¥ A=
284 82| dEdeldAdol tﬂ iﬂl vebgohe X
(2608} ARt S vehi el =3 =g ol ML ¥
®e3 & 889 A5 MNNG ‘3-2 B(a)Pell thal 4] 65%
olate] M} e A A5 et o] dell X o &
AFel kfgde] HA wEhe 323 2 FI2E2 A,
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Table 3. Antimutagenic effects of solvent fractions from meth-
anol extracts of Hericium erinaceus on the mutagenicity of
N-methyl-N’-nitro-N-nitrosoguanidine (0.2 ng/plate) in S.
typhimurium TA100

Treatment Revertants/ Inhibition
plate rate (%)
Spontaneous 129+ 12"
MNNG 904£19
MNNG + Hexane fr.
10% 166t11 95
5% 164*+12 95
2.5% 191+ 6 92
MNNG + Chloroform fr.
10% 207+ 5 90
5% 292+ 8 79
2.5% 439+ 9 60
MNNG + Ethylacetate fr.
10% 191+ 9 92
5% 214t 8 89
2.5% 245+ 5 55)
MNNG + Butanol fr.
10% 400£11 65
5% 446t 7 59
2.5% 501 %10 52
MNNG + Water fr.
10% 455+ 3 58
5% 431 9 61
2.5% 47% 7 59

YThe values are mean*SD of 3 replications.

"The values are meanSD of 3 replications.
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Table 4. Antimutagenic effects of solvent fractions from meth-
anol extracts of Hericium erinaceus on the mutagenicity of
benzo(a)pyrene (10 ng/plate) in S. typhimurium TA98 and
TA100 with S9 mixture

Revertants/plate

Treatment - Inhibition Inhibition
TA 98 rate (%) TA 100 rate (%)
Spontaneous 60+ 2V 127+ 5
B(a)P 706+11 780+ 18
B(a)P+Hexane fr.
10% 176 = 6 82 211+ 5 87
5% 279+ 3 66 342+ 11 67
2.5% 37+ 1 54 393+ 5 59
B(a)P+ Chloroform fr.
10% 229% 5 74 267t 8 79
5% 363 5 53 388+14 60
2.5% 413+ 9 45 467+ 3 48
B(a)P -+ Ethylacetate fr.
10% 189+ 3 30 245+ 4 82
5% 303% 6 62 362+ 10 64
2.5% 395+ 5 48 426110 54
B(a)P+Butanol fr.
10% 505+ 2 31 517+ 7 40
5% h24+t 5 28 5261 4 39
2.5% 563% 5 22 578% 5 31
B(a)P+Water fr.
10% 571+ 4 21 557+10 34
5% 610t 2 15 593+ 7 29
2.5% 624+ 5 13 649+ 4 20
"The values are meantSD of 3 replications.
FAME g FE2E2RE £HT A, SR E Y
didotAelo] B ¥-5Fo] ¥ A FA4 & oY &
FH M E 47 Ao} el ooz LRy de] WAl
o 9484 3 4ol ople} dlz) B4 2] Eajate]

A4t Ao AlgH) o) A o)l & 2B F4
ALl AZ el A Hol o 213 DNAY| 418 oA
Froza A of AFAA-Fut 27 A 9] oA A2
83 7HeA S Vel gl

LEZH0| ALl OR R &M =0

b ik ] & 42l quinone reductase(QR)= Eodul o]
= R Soll 9% DNAYY] Aaat8-& Algdsls &
Ze]w], NAD(P)HE ©]-43}%] quinone®9 18 s}
+ flavoprotein®] v}, & QR &A= webE-A ]l quinone?] 274
o] AAL&HA-& Z vl ste] hydroguinone 2 & H A A whebE
A2 7144l semiquinoned 3 A 3HA] $2 e B 2 quinone®l
23 o}718 4 9l mutagenesis®} carcinogenesisell tH &k
Hlo]2}-8-8- Fho}. =3 QRS phasell 4AY A FEASE
A e o Ak A9} YA FEH R FEHY, ekt
ot A o3 #Ao] frrsEE 5A4L X2 9] ¢
ok A o] gl wo] Alg-]o] $rH(27,28). o] ol - AT
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TEEEY e E49 QR FFEEA AAE SA )bk
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Z7} Zotgel whel AE A E 7t ohd FAste o) e
A Z5A4S et thFig. D. £ A543 A2 A 83
Aol AEEAE BRE B o} AEEA S Vel A
% Hd AR EE AA 3] St sl o AY
A7, A 5% % 0.25 mg/mL ©] 3}l A & A E5A o] vhelr}
A ekgrem g A 7o QR F-E &4 Aldel 0.25 mg/mL ¥
= o]3lE A& chFig. 1.
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Fig. 1 Cytotoxicity of methanol extract of Hericium erin-
aceus against Hepalclc7 cells.
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Fig. 2. Effects of methanol extract of Hericium erinaceus
on the induction of quinone reductase in Hepalclc7 celis.
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Fig. 3. Effects of solvent fractions (0.2 mg/mL) from methanol
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spectively.
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