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Effect of Ramaria botrytis Methanol Extract on Antioxidant Enzyme
Activities in Benzo(o)Pyrene-treated Mice

Hyun-Jeong Kim' and Kap-Rang Lee*
Department of Food and Nutrition, Yeungnam University
"The Center for Traditional Microorganism Resources, Keimyung University

Effects of Ramaria botrytis methanol extract on hepatotoxicity in benzo(o)pyrene(B(o)P)-treated mice were
investigated. R. botrytis methanol extract was intraperitioneally injected once a day for successive 5 days, followed
by treatment with B(o)P on the fifth day. Antioxidant activities of R. botrytis methanol extract were examined
by measuring the free radical-scavenging effect on 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical. In DPPH
method, R. botrytis methanol extract showed strong antioxidative activies. The increased activities of superoxide
dismutase, catalase, and glutathione peroxidase after B(c))P-treatment were decreased by treatment of R. botrytis
methanol extract. Glutathione content and glutathione S-transferase activity depleted by B(c)P were significantly
increased, but elevation of lipid peroxide content induced by B(o)P was decreased by R. botrytis methanol
extract. These results suggest that R. botrytis methanol extract is believe to be a possible protective effect against

B(o)P-induced hepatotoxicity in mice.
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Table 1. Radical scavenging effect of Ramaria botrytis methanol
extract on DPPH radical method

Sample 50% reduction (mg)"
Tocopherol 0.022
BHA 0.015
Ramaria botrytis MeOH ext. 0.109

YAmount required for 50% reduction of DPPH (2x1077 mL 0.079 mg)
solution.

Table 2. Effect of Ramaria botrytis methanol extract on the
activities of superoxide dismutase (SOD) and catalase in liver
of B(o)P-treated mice

Table 3. Effect of Ramaria botrytis methanol extract on the
activities of glutathione peroxidase (GSH-Px) and glutathione
S-transferase (GST) in liver of B(o)P-treated mice

Group” GSH-Px GST
(umoles/mg protein/min)  (nmoles/mg protein/min)
C 21.27£0.78% 180.1+18.82°
S 20.34+1.21° 165.9+17.73*
B 2817+ 1.24° 131.8+14.36
SB 23.86+1.13° 151.1+11.19°

UThe meanings of groups refer to Table 2.

2The values are mean+S.D. (n=10).

Values with a common superscript letter within the same column are
not significantly different (p<0.05).

Group” SOD Catalase (decreased H,0,
.2 . o »
(unit?/mg protein) nmoles/g protein/min) Table 4. Effect of Ramaria botrytis methanol extract on the
C 13.05+1.67% 3.12+0.32° contents of glutathione (GSH) and lipid peroxide in liver of
S 13.11£1.72° 3.18+0.26 B(o)P-treated mice
B 18.96£1.62° 4.08+£0.24* Group” GSH content Lipid peroxide content
SB 13.47+1.56 3.38+0.23" Toup (umoles/g of tissue) (MDA nmoles/g of tissue)
UC: Control group. C 5.61+0.78? 172+691°
S: Ramaria botrytis methanol extract group. S 4964072 17.4+5.17°
B: B(o)P group. b 4 b
SB: Ramaria botrytis methanol extract+B(o)P group. B 3734122 30'3'4'St
SB 5.34+1.56" 20.417.33

BUnit: lunit of SOD activity was defined as the which inhibited the
oxidation of pyrogallol by 50%.

3The values are mean+ S.D. (n=10).

Values with a common superscript letter within the same column are
not significantly different (p<0.05).

ovbi= okE il EaAA WA Edoly gfieA T
dAEo]z EAEFEL HEHor RESF A7|E= FHo B
oshz & tE sEAl] ootz gEA AT, WA
SODE AA| o]Ed=Z sl AYAH superoxide radicalS
H0,2 ®Ffe] 4, o714 A" H0,= W GSH-Px}
catalase®] 2ol 23] H,0Z wjdEoZH TAAL0 9
3 AhElA o2 RE AAS RIdhe it SOD
FAo &9 Table 201418} Zo] B(wP @5 F4wo] o
ZZd sty fogog FElEe d ol#d A=
B(mP2] ¥4z 3ty AAA ARt 98] SoD &
Aol Z71E o7 Hozith T3 MEuA bes &5

Fag T Bo)PS T T2 B(o)P DE Fol ]
Zadhe A JeERiQn) ol ARiAl bee &
B9 FoZ A Uz Ao oAlE Aoz Ayhmy,
B(P T4 F7FHE SOD &) =FFulo] v F&2E
o] FojA] ZraQrhs Ba®9} fALRE 7330)t}. Catalase
o] 4L B(a)P W5 Fojo] gz Hls] FoFoez
Z7ktgon, AalA Wes F2E88 543 3 BopS
Fogt 2 Bo)P &= Fojd vl 94 dA 2as
A HTable 2).

I8]3 GSH-Px= AAU EA)5ks @4AQl FFekx
25 71A= sl FAsRFAT H0,8 BIE SuiAde
F4=2A catalased} 752 PO AA X BU v
A FE71E EE WEAA ANE Y AALE AE 6
AAF| e AAo|th®  GSH-Pxe 4L Table 39} Zo] )
ZF) H]dte] B(aP T FAES K4 YA F71sH9

02 gl

=

UThe meanings of groups refer to Table 2.

2The values are mean+S.D. (n=10).

Values with a common superscript letter within the same column are
not significantly different (p<0.05).

3, APl vgs FE2EY B(o)pe T +& BwP
o= Fojzo) HlE fodog ZAHAY dWtFos
g7l 93 AZEAS fE7E A 2% F7hd
A7 2% 7Hrd JEHE Aoz IHA loH, 53
frE7lol 98 AEEAS g3FoR AT HEixe
gdaze] FvtHt o7 &4 FLEol HRHe=R 7}
2 o g8 aFzolghs Hu®e} o], AHA WEE
F2ELS BoPY Foz2 AAE 78l 4 FaE LAA
7171 98] #87] SEA 847 ¢EZ SOD, catalase
GSH-Px &40 474 &32 ZUAA AZEFoRRE A
A2 HEskE RS she AoE AlRHET.

7t =&|\o| GST &%

B(ayPo] AWolA Aksizlo) ABAE diepoxide?t AlEU 9
2223 IFAS FAsk=d olw) GSTZF ©] ¥he-S
22812 o] EFAE A& ud=e siEET g
2 Jok®, =3 GSTE AUA Held 84, 443 B4,
EAEE S gAEE arl3 Wl EAE SO 1A
AGEHD ol #YE SFEHX2E EFAA glutathione
thicesterS FAsle W82 Eufshy, 3 Se-independent
GSH-Px EAEE 7L o] XAFIslzRe AYAE B
Fale= FEE A0 7k 237 Fo| GSTEAS] Wgle o
Z7ol vlgte] B(o)P ©E FAFNA FHoR Zasiid
I, AEA fEe FE2ES 593 & BPg AT 2
M B(P @5 Tl Hlsl §o4 A Skt

2] B(w)P FAA AE free radical




AR A S FE2E o] WIS T g vhe-20] kst G4 Bl MRl 9T 289

SFER 0] tAAA AR wiEstE s )
SFERAE o] AJEHI =)l Hoshe
GSTS A= ZAFHA R Ay meg
oAl B(oP FHE ZAFHJE GSTY A 7+
TR IFAA AU 5HEZE Ao Ee BN L
SFEAL o] TUtEHe BEAS sEAZ FeE HY
At = AHA deke 2520 GSTY &4

SAEES AR viEAA 5L e FoE Hy
AH, =5 KA Fole TFTEFAA cysteine®] T
g EXslng et §48 e GSTe &4 fxo
#Aqg Aoz AztEn)

o
o
i,

HJ—lmlglﬂ

(2t oafo

2
BN

2 ZNS FTERIST ANWIMEHBO| By WS
FREA 23 ALAIRE] G W Table 491 2
L BREHIee SN, FUAA TP ARAY B

=
Aohisls] B 2 2 BN Fad 9L BT

2ol His| dA3] ZaElen, Al Hee &
ERAT & B(PS T3 & Ba)PTt B3t £ ¢
slod Frbehe AEE Yepdn) o3& BPel AWE
FFEEA 2o A5 AEHA BAES o] ol
&3] A% FFER Y AR FRER|L Feko] 7
A AN HEge FE5E FoA AU ST
28] ARE YojFo] 1 o] Zrid Aog rojA,
T3 B(wP FHA FFEALS 7R ALS-ste] Fatslkee
2F AASHE GSH-Px9 &4 F712 A3 FFEXL &
27t 71 Ao R, AuAl Mg F5ES
Ao 2A A Fitslehgo] FHol GSH-Pxe &%
Eo1E3 FFER2Y ARHE TAEo] B ©E F
- B} FUhet Ao AlEEo)

7+ 225 NAtelEe] g2 B(opPit Foldh ol
Atz HlEte] {21390 F7HE EAT ol B(oyPH
2 AR olEAe YiA FEUIAL EAARRE A"
o8 A gEe] AFAAEE FIAATE® B
Attt HhEe| AHA HEE FEEL T3 £
B(o)PL FA% &2 B(PRt T8 7o) nvlste] £o04
AE ALE eI o]8i3t A= Chang 599 o)
HAl 2254 9% 3 B(PY £9% 2 Hu} 7k 23
W #bstE o] AAE AT B} fAFSAT o)A
< AYHA MEE 2E2E T2 BoPdl 93 fEHE
Atz Aol ZhaEe] AFAEt A" Aow B
AAzint 283 7F 23] XA atslEe] HAadHE Re A
AgelA AFspatalE A w-go] ARt AASE 7t
A AZHAl v g FE259] dutald WojAle] kgl 2
3 dAE Aoz AyztEn)

s}

=

AR HgE 259 P8t A% S DPPHH o3t
free radical &A% &
2olA g} adk, FTEAL B FaSAE T s

9 < DPPH radical 24 g3z Agst A5
AWK FE2EL AT AFHdg 24 238 JepId
t} T3 B(ayPFEAE Q% 7+ 2259 SOD, catalase L]
I GSH-Px9| 84 9oz 7R A2HA o
B F2E0 A YR o|E FAol Fo¥or Zasld
o} v, GST 843 7+ 23%9 SFFER I3 B(o)P
GEFAME FAHJTZE ARHA eg FE3E Fo4]
el /M B4k ey AFdEE @38 B(oP
FojA] Z7EJTE AHA dEE FEEY] T
oFoz ZAHYY. o AFAE AWM HEeE
B2 el E4d g4 FUHE Q1§ B(opoll 9% 7
&to] el BRI RHAE VA= ALE AlRHL

#HAle| =

B Aas sk 23 7):28 7 (R03-2002-000-00019-
0Q0NA A2 FHYol FAI=H UL

A
ror

1. Block, G. and Langseth, L. Antioxidant vitamins and disease pre-
vention. Food Technol. 48: 80-91 (1994)

2. Fukuzawa, K. and Takaishi, Y. Antioxidants. J. Act. Oxy. Free
Rad. 1: 55-70 (1990)

3. Hatano, T. Constituents of natural medicines with scavenging
effects on active oxygen species-Tannins and related polyphenols-.
Natural Med. 49: 357-363 (1995)

4. Masaki, H., Sasaki, S., Atsumi, T. and Sakurai, H. Active oxygen
scavenging activity of plants extracts. Bull. Pharm. 18: 162-166
(1995)

5.Lim, D.K., Choi, U. and Shin, D.H. Antioxidant activity of etha-
nol extract from Korean medicinal plants. J. Korean Soc. Food
Sci. Nutr. 28: 83-89 (1996)

6. Ahn, C.K., Lee, Y.C. and Yeom, C.A. Antioxidant and mixture
effects of curry spices extracts obtained by solvent extraction. J.
Korean Soc. Food Sci. Nutr. 32: 491-499 (2000)

7.Ko, M.S., Shin, KM. and Lee, M.Y. Effects of Hijikia fusiforme
ethanol extract on antioxidative enzymes in ethanol-induced hepa-
totoxicity of rat liver. J. Korean Soc. Food Sci. Nutr. 31: 87-91
(2002)

8. Mori, K., Toyomasu, T., Nanba, H. and Kuroda, H. Antitumor
activities of edible mushrooms by oral administration, pp. 1-6. In:
Scientific and Technical Aspects of Cultivating Edible Fungi.
Kyoto, Japan (1986)

9. Chihara, G., Hamuro, T., Maeda, Y. and Fukuoka, F. Fraction-
ation and purification of the polysaccharide with marked antitu-
mor activity, especially lentinan from Lentinus edodes. Cancer
Res. 30: 2776-2781 (1970)

10. Hayashi, T., Kanetoshi, A., Ikura, M. and Shirahama, H. Bolegre-
vilol a new lipid peroxidation inhibitor from the edible mushroom
Suillus grevillei. Chem. Pharm. Bull. 37: 1427-1532 (1989)

11. Jung, 1.C. and Lee, J.S. Antioxidative effect of mycelium-free
culture broth extracts of Pleurotus ostreatus. J. Korean Soc. Hyg.
Sci. 51: 19-24 (1999)

12. Kim, JM. and Jung, YM. Immune regulatory and antitumor
effect of Ramaria botrytis extract. Korean J. Vet. Publ. 19: 181-
190 (1995)

13. Kim, H.J., Lee, LS. and Lee, K.R. Antimutagenic and anticancer
effects of Ramaria botrytis (Fr.) rick extracts. J. Korean Soc.
Food Sci. Nutr. 28: 1321-1325 (1999)

14. Yoshikawa, M., Harada, E., Miki, A., Tsukamoto, K., Liang, S.,



290 s

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

Yamahara, J. and Murakami, N. Antioxidant constituents from the
fruit hulls of Mangosteen originaling in Vetnam. Yakugaku Zasshi
114: 129-133 (1994)

Marklund, S. and Marklund, C.T. Involvement of the superoxide
anion radical in the autooxidation of pyrogallol and a convenient
assay for superoxide dismutase. Eur. J. Biochem. 47: 469-474
(1974)

Aebi, H. Catalase, Vol. 2, pp. 673-698. In: Methods of Enzymatic
Analysis. Vergmeyer, H. U. (eds.). Academic Press, New York,
USA (1974)

Paglia, E.D. and Valentine, W.N. Studies on the quantitative and
qualitative characterization of erythrocyte glutathione peroxidase.
J. Lab. Clin. Med. 70: 158-169 (1967)

Habig, W.H., Pabst, M.J. and Jakoby, W.B. Glutathione S-trans-
ferase: The first enzymatic step in mercapturic acid reaction.
Anal. Biochem. 249: 7130-7139 (1974)

Lowry, O.H., Rosebrough, N.H., Farr, A.L. and Randall, R.J. Pro-
tein measurement with folin phenol reagent. J. Biol. Chem. 193:
265-275 (1951)

Ellman, G. L. Tissue sulfhydryl group. Arch. Biochem. Biophys.
82:70-72 (1959)

Ohkawa, H., Ohishi, N., and Yaki, K. Assay for lipid peroxides
in animal tissue by thiobarbituric acid reaction. Anal. Biochem.
95: 351-358 (1979)

Cha, B.C., and Lee, S.B. Antioxidative and free radical scaveng-
ing effects of Rhus Javanica Linne. Korean J. Med. Crop Sci. 6:
181-187 (1998)

McCord, J.M. and Fridovich, 1. Superoxide dismutase: An enzy-
mic function for erythrocuprein (Hemocuprein). J. Biol. Chem.
244: 6049-6055 (1969)

. Forman, H.J. and Fridovich, L Sgﬁéroxide dismutase: A compari-

son of rate constants. Arch. Biochem. Biophys. 158: 396-401
(1973)

25.

26.

27.

28.

29.

30.

31.

32.

33.

228132 A 35 A A 2 5 (2003)

Park, S.H., Kim, J.Y.,, Chang, J.S., Oh, E.J., Kim, O.M., Bae, J.T,,
Kim, H.J., Hae, D.J. and Lee, K.R. Protective effect of Hericium
erinaceus extracts on hepatic injury induced by benzo(o)pyrene
in mice. J. Korean Soc. Food Sci. Nutr. 30: 928-932 (2001)
Halliwell, B. and Gutterridge, J. M. Roles of free radicals and
catalytic metal ions in human disease, Vol. 186, pp. 1-12. In:
Methods in Enzymology. Fleischer, S. and Packer, L. (eds.). Aca-
demic Press, New York, USA (1990)

Leibovitz, B.E. and Siegel, B.V. Aspects of free radical reactions
in biological systems: Aging. J. Gerontol. 35: 45-53 (1980)

Ko, M.S., Shin, K.M. and Lee, M.Y. Effects of Hijikia fushiforme
ethanol extract on antioxidative enzymes in ethanol-induced hepa-
totoxicity of rat liver. J. Korean Soc. Food Sci. Nutr. 31: 87-91
(2002)

Bompart, G.J., Prevot, D.S. and Basacands, J.L.. Rapid automated
analysis of glutathione reductase, peroxidase and S-transferase
activity: Application to cisplatin induced toxicity. Clin. Biochem.
23: 501-504 (1990)

Nair, S.C., Salome, M.J., Varghese, C.D., Panikkar, B. and Pani-
kar, K.R. Effect of saffron on thymocyte proliferation, intracellu-
lar glutathione levels and its antitumor activity. Bio. Factor 4: 51-
55(1992)

Cohen, G.M. and Freedman, R.B. Roles and functions of glu-
tathione. Biochem. Soc. Trans. 10: 78-85 (1982)

Chei, H.S. Lipid peroxidation and its nutritional significance. J.
Korean Soc. Food Nutr. 23: 867-871 (1994)

Chang, J.S., Kim, HJ., Bae, J.T,, Park, S.H., Lee, S.E., Kim,
OM. and Lee, K.R. Inhibition effects of Auricularia auricula-
judae methanol extract on lipid peroxidation and liver damage in
benzo(o)pyrene-treated mice. J. Korean Soc. Food Sci. Nutr. 27:
712-717 (1998)

(200241 12€ 264 A< 20034 39 7 A=)



