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Abstract

This study was performed to determine the antioxidative, antimutagenic and cytotoxic effects of the natural
seasoning using Lentinus edodes powder (NSLP) by DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical
donating method, Ames test, and cytotoxicity, respectively. The scavenging effect on DPPH radical in ethyl
acetate fraction of NSLP showed 155 pg of RCso. The direct antimutagenic effects of ethanol extract and its
solvent fractions of NSLP were examined by Ames test using Salmonella Typhimurium TA98 and TA100.
In the Ames test, ethanol extract of NSLP alone did not exhibit any mutagenicity and most of the samples
showed high antimutagenic effects against mutation induced by N-methyl-N’-nitro-N-nitroso guanidine
(MNNG) and 4-nitroquinoline-1-oxide (4NQO). Ethyl acetate fraction of NSLP (200 pg/plate) showed
approximately 82% inhibitory effect on the mutagenesis induced by 4NQO against TA98 strain, whereas 84%
and 80% inhibitions were observed on the mutagenesis induced by 4ANQO and MNNG against TA100 strain.
In anticancer effects of ethanol extract and its solvent fractions of NSLP against cancer cell lines including
human lung carcinoma (A549), human breast adenocarcinoma (MCF-7), human hepatocellular carcinoma
(Hep3B), human cervical adenocarcinoma (HelLa) and human gastric carcinoma (AGS) were investigated. The
treatment of 1 mg/mL ethyl acetate fraction of NSLP showed strong cytotoxicity of 56.7%, 84.9%, 64.6%, 85.1%
and 71.5% against A549, MCF-7, Hep3B, HeLa and AGS, respectively. In contrast 1 mg/mL treatment of NSLP
extract and its solvent fractions had only 4~40% cytotoxicity on human transfomed primary embryonal kidney
cell (293). From this result, it is suggested that NSLP is believed to have possible antioxidative, antimutagenic

and anticancer capacities.
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=) 3] F9H o] ¥ (direct mutagen)-2#4] 4-nitroquino-
line-1-oxide(4NQQ), N-methyl-N"-nitro- N-nitrosoguani-
dine(MNNG)-2 )= SigmaAlell A < ste] Al-g-st9a
o] 5 Woll E2-2 dimethyl sulfoxide(DMSO)e]] o 21
Hol| Abg3todch Ao AL83F A EF= GAER AL
] 9+A £ AB49(Human lung carcinoma, KCLB NO. 10185),
917t fukst Ml £ MCF-7(Human breast adenocarcinoma,
KCLB NO. 30022), 217t 7rstAl % Hep3B(Human hep-
atocellular carcinoma, KCLB NO. 88064), ¢17} AF-2-3tA £
HeLa(Human cervical adenocarcinoma, KCLB NO. 10002)
L 17k 91A £ AGS(Human gastric carcinoma, KCLB
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NO. 21739)7} o]8-% )3, AAAEZE 293(Tansformed
primary human embryonal kidney, KCLB NO. 21573)%
Korea Cell Line Bank(KCLB)Z €] Falale] ¥ A3 Al
A o3t A Ao Abg-tdth AS49 D AGS A EF=
10% fetal bovine serume] 3% RPMI Medium 1640 £-3}
Wl x| & MCF-7, Hep3B, HeLa @ 293 Al Z=F+= 10% fetal
bovine serum®] &% DMEM(Dulbeco’s Modified Eagle
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4-31e] AEZAolv} 548 &3t "o th(15). 10%
fetal bovine serum ¥ Z+7+e] Q17F kA Z(A549, Hep3B,
MCF-7, AGS ¥ HeLa)®} A7 AA AA4A £(293)F
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A7t Aol AFxAZ F 1%(v/v) acetic acidel] ¥
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Table 1. DPPH radical scavenging activity of 70% ethanol
extract and its solvent fractions from natural seasoning
containing Lentinus edodes powder

Sample RCs” (ng)
70% ethanol extract 278.5
Hexane fraction 263.9
Chloroform fraction 2709
Ethyl acetate fraction 155.0
Butanol fraction 1585
Aqueous fraction 358.9
a-Tocopherol 14.7
BHA? 12.4

Y Amount required for 50% inhibition of DPPH after 30 min.
2 Butylated hydroxyanisole.
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Table 2. Mutagenicity of 70% ethanol extract from natural
seasoning containing Lentinus edodes powder in Salmonella
Typhimurium TA98 and TA100

His' revertants/plate”

Dose (ug/plate)

TA9R TA100

Spontaneous 264 172+6
50 265 161+2

100 25+2 162+5

150 21+4 17519

200 201 158+3

YEach value represents the mean=SD of three plates.
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Fig. 1. Inhibitory effects of ethanol extract and its solvent
fractions from natural seasoning containing Lentinus
edodes powder on the mutagenicity by MNNG (0.4 ug/plate)
in Salmonella Typhimurium TA100.

—&— : cthanol extract, —O— : hexane fraction, —%— : chloro—
form fraction, —v— : ethylacetate fraction, —#— : butanol frac—
tion, —O— : aqueous fraction.

YEach value represents the mean=SD of three plates.
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Fig. 2. Inhibitory effects of ethanol extract and
its solvent fractions from natural seasoning
containing Lentinus edodes powder on the
mutagenicity by 4NQO (0.15 pg/plate) in
Salmonella Typhimurium TA98 and TA100.
—8— ethanol extract, —O— ' hexane fraction,
—w— ! chloroform fraction, —v—: ethylacetate
fraction, —=—: butanol fraction, —o— : aqueous
fraction.
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Stk ol Ade AAHA J'te FEE] w20t F}
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of gk JAEANME FE o H o2 A &AL el
sl e S Typhimurium TA9S F5F2] 7% A &% % 50,
100, 150 & 200 ug/platecl]|A] o "Ho}A| o) E B3] Eo] 2}
2 29.1, 42.0, 61.7 2 81.8% % t}2 2B EF o v|dlo] F&
o] AAAHNE et 2L sE B 23 E
o) A% 591% 7P e AAEFAE B o) opAnA
F2o shidl 2EHA 2 AwA W FF R 22
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YEach value represents the mean+SD of three
plates.
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3} o dotAlelo] B R3] Eo] 77t 758 E 71.5%] SHA|E
A% AAEAE vetw e H A EQ] A9 A= A B
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Table 3. Inhibitory effects of 70% ethanol extract and its solvent fractions from natural seasoning containing Lentinus edodes
powder on the human cancer cell lines

Growth inhibition (%)

Dose (mg/mL)

A549 MCF-7 Hep3B Hela AGS
0.25 3.0+1.8" 43+34 91+38 272+6.7 46423
0% ethaol 050 120423 21.6+29 19.4+18 51.4+47 10429
o ethano 0.75 287+37 50.7+3.1 50.3+1.9 68.7+2.7 384+16
1.00 36.7+1.3 81.3+1.2 61.0+4.1 83.3+0.4 589439
0.25 197+28 21.9+3.1 97405 18427 365132
i 050 33.0£26 572405 29.4+1.8 39.7+15 55.0+3.8
exane 075 56.2+2.4 72.4%51 57.3+1.4 685+2.0 56.2+2.4
1.00 69.7+2.8 832429 66.5+2.5 79.8%16 758403
0.25 7124 232+2.2 25+3.1 128420 153%15
Chlorof 050 17.8+2.0 431£29 135+3.1 21.1+32 35.7+55
orotorm 0.75 31.1+18 55.00.3 416+3.1 404%15 57.1+48
1.00 389+10 635%0.9 54.1+39 66.72.0 676+1.2
0.25 82+43 238404 88126 385+4.4 355+08
Ethvl acetate 050 199+2.7 518429 182+15 53.043.0 505+2.3
yiaceta 0.75 417426 715+23 418+40 773422 59.1+2.0
1.00 56.7+0.3 849+07 64606 85.1£24 715+12
0.25 225450 126+1.0 245+3.4 365+26 20.6+4.3
Butanol 0.50 36.7+1.0 39.0+0.2 41.1+1.0 62.3+2.4 376+38
0.75 412105 63.5+0.4 67.1105 75312 540+43
1.00 46.4+23 797+4.1 7274038 822403 64.0+1.7
0.25 86+14.4 106+0.4 127436 17.4+43 72421
Aducows 0.50 19.0+0.4 30609 34.3+17 36.7+2.7 142+4.4
d 075 275409 379+41 426+29 465+2.38 275+09
1.00 309+34 516+06 584420 62.3+338 29.0+1.2
YValues are the mean=SD (n=3).
50 HAA oz FAsE Aol ola £59 WA #-g-3)e]
A A E Frtel 93 Ao delA 1 9)H28).
1 ; wheba) A ERE Ao Hdzele) F5E Y
S é B3 22 wole) g gEHolgAe] salsglon
g %1 A BAEA Aol A e FEEAE oA o
E \ »
g A g AR A Fe dAEAE S T 5
£ 2] §§ Qlgith ko FumAl £urs Wrla Adzriw A
= \ E5ol Ud ARE Q7] 98] AR AEEAH E A o
07 §§ ofg Wold U HAE, ool AUAE ol gstel of we
A\ Ak @A 7I5AAF R Aol dg Aot U
0 z sheba shaleh
0.00 1.00
Dose (mg/mL) o of
Fig. 3. Inhibitory effects of 702 ethanol extract and its sol- -
vent fractions from natural seasoning containing Lentinus
edodes powder on human transfomed primary embryonal ZavA 248 ArlE Adxr|ge 255 9 BIE
kidney cells. =1 a1 = o
[ ethanol extract, 222 hexane fraction, XY : chloroform ol Tk gatsh B2 ofdebAdlel & 8 Fel A RCwgk
fraction, BE&ER: ethylacetate fraction, E==1: butanol fraction, 155 pgo 84 ot A g uc} 7Hek §H4ksl 848 el gl

Nalves e the mean £SD (1-3) o B2 Bk B Bdaels F5E L 2 2

EE9] gEdwlo] a7l 7 BEE Salmonella Typhimurium
2 A AAAG AAueF FAAREE 2E5EH Ui 2] Wo]F4l TA9SH TA100-L ] &3+ Ames test® &als}
Al ZaWAY A A A EeldE S5 ohaA| 1ent1nan°] gt 1 A3} AAHHeld el MNNGe 3] A 2% % 200
sarcoma 1801 ®3}e] 7}gt FF2HE-& 7halckay B ng/platec| A A4 o HolAldo] E L3 E-2 TA1004
GH27). o]& 3 WA thgA e ka4 A EE A 79~84%2] 733t Aol UAS R o E Al R4
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A7} Al Hela, Hep3B, MCF-7, AGS % A549¢| 4] #+z+
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77 F Al £ A549 Al 2o st 56.7%2] A EI}-E
Bl AL AYstas 71~85% Ao =& JAEZAE 1
Rovt & R EY A oE FE2EF v A A E
e A o2 Fo AAZI}E Vel olct o2l gk kA
Xof gt F2 A ET}e vl&] Q12 Al HAFAZ 293¢
et A5 E H7F Al 40% ol3ke] AS A &S e e

A A ol e - FARAE 7S o 5 sk

aAtel 2

B Te FUE FIT A Ao o] 5
Aow A78) Ao A=

Ho
rok

1. Hong KH, Kim BY, Kim HK. 2004. Studies on the biological
activity of Pleurotus ferulea. ] Korean Soc Food Sci Nutr
33 791-796.

2. Roh SH. 2000. A study on baking white bread product deve
lopment according to the amounts of mushroom powder
added. Culinary Research 6: 281-289.

3. Ji JH, Kim MN, Ham SS. 2000. Antimutagenic and cytotox—
icity effects of Phellinus linteus extracts. J Korean Soc
Food Sci Nutr 29. 322-328.

4. Zhang Y, Talalay P, Cho CG. 1992. An anticarcinogenic
protective enzyme from brocoli. Proc Natl Acad Sci 90:
2399-2404.

5. Hong JS. 1980. Nutrition value and medicine efficacy of
mushroom. Food Ind 53: 79-84.

6. Ko JW, Lee WY, Ha YS, Choi YH. 1999. Absorption char—
acteristics of dried shiitake mushroom powder using differ—
ent drying methods. Korean J Food Sci Technol 31: 128~
137.

7. Park MH, Oh KY, Lee BW. 1998. Anticancer activity of
Lentinus edodes and Pleurotus ostreatus. Korean J Food
Sci Technol 30: 702-708.

8. Hong JS, Lee KR, Kim YH, Kim DH, Kim MK, Lim Y§,
Yeo KY. 1988. Volatile flavor compounds of Korean shiitake
mushroom (Lentinus edodes). Korean J Food Sci Technol
20: 606-612.

9. Choi MY, Lim SS, Chung TY. 2000. The effects of hot wa-
ter soluble polysaccharides from Lentinus edodes on lipid
metabolism in the rats fed butter yellow. J Korean Soc
Food Sci Nutr 29: 294-299.

10. Lee SH, Park HJ, Cho SY, Jeong HJ. 2004. Supplementary
effect of Lentinus edodes on serum and hepatic lipid levels
in spontaneously hypertensive rat. Korean J Nutr 37:
509-514.

11. Kang MY, Kim S, Yun HJ, Nam SH. 2004. Antioxidative

S RELLR

O =
- |

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

activity of the extracts from browned oak mushroom
(Lentinus edodes) with unmarketable quality. Korean J
Food Sci Technol 36: 648-654.

Kim SK, Byun HG, Jeon Y], Joo DS, Kim JB. 1999.
Development of natural seasoning using desalinated tuna
boiled extract. J Korean Fish Soc 32: 75-82.

Choi JS, Park JH, Kim HG, Young HS, Mun SI 1993.
Screening for antioxidant activity of plants and marine al-
gae and its active principle from Prunus daviana. Kor [
Pharmacol 24: 299-303.

Yahagi T, Nagao M, Seino Y, Matsushima T, Sugimura
T, Okada M. 1997. Mutagenicities of N-nitrosamines in
Salmonella. Mutat Res 48: 121-130.

Scudiero DA, Shoemaker RH, Paull KD, Monks A, Tiemey
S, Nofziger TH, Currens M]J, Seniff D, Boyd MR. 1998,
Evaluation of a soluble tetrazolium/formazan assay for cell
growth and drug sensitivity in culture using human and
other tumor cell lines. Cancer Res 48: 4827-4833.

Lee MH, Son HS, Choi OK, Oh SK, Kwon TB. 1994.
Changes in physico—chemical properties and mineral con-
tents during buckwheat germination. Korean J Food &
Nutr 7. 267-273.

Oh SI, Lee MS. 2005. Antioxidative and antimutagenic ef-
fects of Ganoderma lucidum Krast extracts. Korean J
Food & Nutr 18: 54-62.

Kim HJ, Lee IS. 2004. Antimutagenic and cytotoxic effects
of Korean wild mushrooms extracts. Korean | Food Sci
Technol 36: 662-668.

Kim HJ, Lee BH, Kim OM, Bae ]JT, Park DC, Lee KP. 1999.
Antimutagenic effect of the fruting body and the mycelia
extracts of Coprinus comatus. J Korean Soc Food Sci Nutr
281 452-457.

Ji JH, Kim MN, Choi KP, Chung CK, Ham SS. 2000.
Antimutagenic and cytotoxicity effects of Agaricus blazei
Murill extracts. Korean J Food Sci Technol 32: 1371-1378.
Kim MN, OH SH, Lee DS, Ham SS. 2001. Antioxidative
and antimutagenic effects of the ethanol extract from
Cordyceps militaris. Korean J Food Preserv 11. 214-220.
Park SH, Kim OM, Lee KR. 2001. Antimutagenic and qui—
none reductase inducing activities of Hericium erinaceus
extracts. J Korean Soc Food Sci Nutr 30: 1287-1292.
Kim HJ, Lee BH, Kim OM, Lee KD, Lee KR. 1998.
Screening for antimutagenic effects of the wild mushrooms
in Korea. Korean ] Food Sci Technol 30: 688-692.
Ikekawa ], Nakamishi M, Uehara N, Chihara G, Fukuoka
F. 1968. Antitumor action of some basidiomycetes espe—
cially Phellinus linteus. Gann 59: 155-157.

Chang ST, John AB, Chiu SW. 1993. Mushroom biology
and mushroom products. World scientific, Washington DC.
p 1-20.

Park JM, Lee SH, Kim JO, Park HJ, Park JB, Sin JI. 2004.
In vitro and in vivo effects of extracts of Lentinus edodes
on tumor growth in a human papillomavirus 16 onco-
genes—transformed animal tumor model. Korean J Food
Sci Technol 36: 141-146.

Chihara G, Hamuro ], Maeda Y, Arai Y, Fukuoka F. 1970.
Fractionation and purification of the polysaccharides with
marked antitumor activity, especially lentinan, from
Lentinus edodes (Berk.) Sing. (an edible mushroom).
Cancer Res 30: 2776-2781.

Kweon MH, Lim EJ, Sung HC. 1998. Studies on bioactive
polysaccharide isolated from Agaricus bisporus. J Korean
Soc Appl Biol Chem 41: 60-66.

(20071 1€ 309 A< 20073 49 9d A=)



