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Induction of Anticarcinogenic Enzymes of Waxy Brown Rice Cultured with

Phellinus igniarius 26005
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The induction of NAD(P)H: quinone oxidoreductase (QR), glutathione S-transferase (GST), and glutathione (GSH) levels in
hepalclc7 cells (murine hepatoma) by waxy brown rice cultured with Phellinus igniarius to induce anticarcinogenic enzymes
were measured. In addition, the inhibition of polyamines metabolism was tested with the growth of Acanthamoeba castellanii.
The result shows that QR, GST activities, and GSH levels of experimental animals were increased much more by feeding
the methanol extract of waxy brown rice cultured with Phellinus igniarius than those of the rats received the ethanol of
uncultured brown rice. The growth of A. castellanii was inhibited mostly at 40 mg/3 m/ concentration of methanol extract
of waxy brown rice cultured with P igniarius. The results suggested that waxy brown rice cultured with P igniarius possess
chemopreventive activity by inducing anticarcinogenic enzymes and inhibiting polyamine metabolism.
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The cause of cancer is diverse, but 80~90% of cancer
is related to environmental factors. Among them, it is
reported, 30~60% was directly or indirectly connected
with a diet (Doll et al., 1981). Recently, a new approach
to protect cells from carcinogens, called chemopreven-
tion, has been introduced. Chemoprevention is recognized
as the most realistic way of primary prevention of cancer,
and one of the promising alternative strategy, blocking or
preventing the development of invasive cancers caused by
the use of natural or synthetic compounds (Ferguson,
1999; Wattenberg, 1985). Initial reactions of several tumors
occur by metabolite of electrophilic carcinogens or active
oxygen injuring DNA (Prestera et al., 1993). However,
mammalian cells have exquisite mechanisms to protect
those damage, namely, detoxification enzymes prevent the
development of cancers by eliminating electrophilic car-
cinogens out of body after detoxifying them. It has been
suggested that phase II detoxification enzymes such as
UDP-glucuronosyltransferases, NAD(P)H: quinone oxi-
doreductase (QR), glutathione S-transferases (GST), in
addition to the increasing the glutathione (GSH) levels,
play a role in the cellular detoxification of carcinogens
(De Long et al., 1986; Talalay er al., 1995). Additionally,
polyamines are related to proliferation of tumor cells, and
abnormally biosynthesized in carcinogenesis, and there-
fore, inhibition of polyamine metabolism is useful for can-
cer prevention (Bull ez al., 1984).

Many mushrooms belong to basidiomycetes forming
fruit body, and have been used for foods or medicinal use
from ancient times. In addition, mushrooms are low cal-
ory foods, but rich in protein, chitin, vitamins, and miner-
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als (Manzi et al., 1999; 2001). The advantage of mush-
rooms is that they have no or low harmful side effects,
unlike other medicines (Lee, 1996). Numerous researches
have been carried out investigations for antitumor activi-
ties, antimutagenic activities or other functions of mush-
rooms (Mizuno et al., 1992; Shon and Nam, 2001). However,
the mechanism of cancer chemoprventive effects of basid-
iomycetes are not well known.

In this study, chemopreventive potentials centering around
phase II enzymes with determination of polyamines me-
tabolism inhibition were investigated to proclaim the func-
tional activities of waxy brown rice cultured with Phelli-
nus igniarius 26005 which already have been developed
in Functional Food Lab. of Yeungnam university.

Materials and Methods

Strain. Phellinus igniarius 26005 (here in after referred
as PI), obtained from Dept. of Applied Microbiology in
National Institute of Agriculture Science and Technology.

Preparation for sample. Waxy brown rice was soaked
with 10-fold volume of water (18°C) for 12~14 hours, and
drained by keeping by itself for 2~3 hours. The washed
waxy brown rice was packed in plastic bag, and steamed
at 121°C for 2 hours. After cooling at room temperature,
waxy brown rice was inoculated with the homogenized
mycelium of PI, and cultured for 14 days at 28+1°C. The
waxy brown rice cultured with PI was extracted by 5-fold
volume of methanol or water for 24 hours. The extracts
were filtered, concentrated, and then freeze dried. The
freeze dried samples were stored at —80°C and used in this
experiment.
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Determination of QR (Quinone reductase) activity

QR assay: Intracellular QR activity was measured by
the method of Prochaska et al. (1988) using Hepalclc7
cells. Hepalclc7 cells were plated in 96 well microtiter
plates at a density of 1x10" cells/well in 200 u/ of MEM
supplemented with 10% FBS. The cells were incubated
for 24 hours in a humidified incubator with 5% CO, at
37°C. The medium was decanted, and each well was refed
with 200 u/ of medium containing the extracts of waxy
brown rice cultured with PI. The cells were then cultured
for additional 48 hours. The culture media were aspirated
and the cells in each well were lysed by 3 repetitive
freeze-thaw cycles. The 200 ! of reaction mixture [0.5 M
Tris-HCI (pH 7.4), bovine serum albumin, 1.5% Tween-
20, 7.5 mM FAD, 150 mM glucose 6-phosphate dehydro-
genase, 50mM NADP, 3 mg/10 m/ of 3-[4,5-dimethyt-
hazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT), and
50 mM menadione in distilled water] was added to each
well, and reacted for 5 min. To arrest the reaction, a solu-
tion containing 0.3 mM dicumarol in 0.5% DMSO and
5 mM potassium phosphate (pH 7.4) was added, and the
absorptions were measured at 570 nm.

Cytotoxicity assay (crystal violet staining): Hepalclc?
cells were plated in 96 well microtiter plates, and cul-
tured for 24 hours in the same method as QR assay. The
plates were treated with waxy brown rice cultured with
PI, and then incubated for additional 48 hours. The media
were decanted, and the plates were submerged in a 0.2%
crystal violet solution dissolved in 0.2% ethanol for
10 min. The plates were washed with tap water for 2 min,
and reacted at 37°C for 1 hour after adding 0.5% sodium
dodecyl sulfate in 50% ethanol to dissolve. The absorp-
tions were then measured at 570 nm.

Calculation of QR activity: QR activity was determined
with MTT reduction and crystal violet absorbances. QR
activity induction was calculated by the ratio of QR activ-
ity of the sample group against QR activity of control
group. The formula for calculation of QR activity is as
follow:

Specific activity
_ absorbance change of MTT/min
absorbance of crystal violet

x 3345 nmol/mg

Determination of GST (Glutathione S-transferase)
activity: Intracellular GST activity was tested according
to Habig et al. (1974) by measuring the enzymatic cou-
pling of CDNB (l-chloro-2,3-dinitro benzene) to GSH.
Hepalclc7 cells were plated in 96 well microtiter plates,
and cultured for 24 hours in the same method as QR
assay. The plates were treated with sample extracts, and
then incubated for additional 48 hours. The media were
decanted, and the plates were rinsed 3 times with PBS.
The cells were lysed by 3 repetitive freeze-thaw cycles,
and 100 u! of reaction mixture [l mM CDNB and 2.5

mM GSH in potassium phosphate buffer (pH 6.5)] was
added to each well. The plates were shaken for 1 min on
a microplate shaker, and reacted for 60 min at room tem-
perature under slow continuous shaking. The absorptions
were measured with a microplate reader at 405 nm. The
protein contents were monitored in duplicate plates by a
bicinchoninic protein assay kit using bovine serum albu-
min (BSA) as a standard solution. GST activity was
expressed in arbitrary units. The units were calculated as
follows: ' '

Specific activity
_ OD of sample (mean of 3) — OD of buffer
- protein content (mg)

GST activity of cells treated with sample extract was
compared with the activity of control cells treated with
medium only.

Determination of GSH (Glutathione) levels. To deter-
mine the total intracellular GSH levels, the method of
Griffith (1980) was appropriately modified to perform at
96 well microtiter plates. Hepalclc7 cells were plated in
96 well microtiter plates, and cultured for 24 hours in the
same method as QR assay. The plates were treated with
sample extracts, and then incubated for additional 48
hours. The media were decanted, and the plates were
rinsed 3 times with PBS. The cells were lysed by 3 repeti-
tive freeze-thaw cycles, and 40 u/ of stock buffer [125 mM
sodium phosphate, 6.3 mM ethylenediamine tetraacetic acid
(Na-EDTA), pH 7.4] and 170 pl reaction mixture [20 pl
of 6 mM 5-5'-dithiobis-(2-nitro-benzoic acid)(DTNB) in
stock buffer, 10 ul of glutathione reductase solution (50
unit in 10 m{ of stock buffer), 140 ul of NADPH-generat-
ing system, 330 pl of 150 mM glucose-6-phosphate, 30 p/
of 50 mM NADP’, 100 unit glucose-6-phosphate dehydro-
genase and distilled water to a final volume of 50 m/] was
added to lysed each well. The plates were shaken for 5
min at room temperature before measuring at 450 nm.
GSH levels were determined according to the GSH stan-
dard curve, and expressed by the ratio of GSH levels of
the group treated with sample extracts against those of the
group treated with the culture medium. The protein con-
tents were monitored in duplicate plates using a bicincho-
ninic protein assay kit with bovine serum albumin as the
standard.

Determination of polyamine metabolism. Acanthamoeba
castellanii strain used in this study was obtained from
American Type Culture Collection (Maryland, USA). Cells
were grown in T-75 flasks with 10 m/ of Neff’s growth
medium designated OGM (Kim ez al., 1987) at 30°C
under anaerobic condition in the dark, and subcultured
twice a week. The cells were inoculated at a density of
1 x 10%2.5ml of media in T-25 flasks. After incubation
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for 24 hours at 30°C, the sample extracts were added as a
solution with 0.5 m! of media. The cells were incubated

for 168 hours, and were counted every 24 hours (Byers et
al., 1980).

Statistical evaluation. The data were exhibited by aver-
age = SD (standard deviation), and analysed using SPSS
program.

Results and Discussion

Induction of QR enzyme. QR is primarily a cytosolic
flavoprotein that catalyzes the reduction of a wide variety
of quinones and quinoneimines (Prochaska er al., 1987,
1988). The quinones are known to be cytotoxic due to
their readiness to undergo reduction-oxidation cycles. They
are widely distributed in nature, and human is extensively
exposed to them. With other phase II enzymes such as
glutathione S-transferase, UDP-glucuronosyltransferase, QR
. protects cells against carcinogens as well as prevents
mutation, by reducing quinones or quinoneimines. QR is
observed the most highly in liver, and relatively high in
kidney and brain (Lee er al., 1999).

QR induction in cultured hepalclc7 cells treated with
extracts of waxy brown rice cultured with PI was mea-
sured to assess chemopreventive potentials (Fig. 1). Waxy
brown rice cultured with PI induced QR activity more
than 3 times that of control, and specially, methanol extract
reached 3.5 times in comparison with control at concen-
tration of 5mg/m/. QR inductive activities increased in
proportion to the concentration of extracts, i.e. dosage
dependant.

Shon et al. (2001) reported that polysaccharides iso-
lated from the cultured broth, and mycelia of Phellinus
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Fig. 1. Induction of quinone reductase (QR) by extracts of
waxy brown rice cultured with Phellinus igniarius (PI)
in mouse hepatoma hepalclc7 cells. Each point re-
presents the mean + SD (standard deviation) of three
separate experiments. The symbols show as follows.
—4&—: Water extract of waxy brown rice, —B—:
Methanol extract of waxy brown rice, — & —: Water
extract of waxy brown rice cultured with PI, —@—:
Methanol extract of waxy brown rice cultured with PL
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Fig. 2. Induction of glutathione S-transferase (GST) by extracts
of waxy brown rice cultured with Phellinus igniarius
(PI) in mouse hepatoma hepalclc7 cells. Each point
represents the mean + SD (standard deviation) of three
separate experiments. The symbols show as follows.
—4&—: Water extract of waxy brown rice, —l—:
Methanol extract of waxy brown rice, — & —: Water
extract of waxy brown rice cultured with PI, —@—:
Methanol extract of waxy brown rice cultured with PI.

igniarius were effective inducer of phase II detoxification
enzyme. Furthermore, Hong et al. (1997) reported that
methanol extract from roasted perilla induced QR enzymes.
Benson et al. (1980) found the antioxidant actions of phe-
nolic antioxidants can be ascribed to the induction of QR.
This study suggest that waxy brown rice cultured with PI
is a good QR inducer, and might contribute in blocking
intracellular toxicity of carcinogens.

Induction of GST enzyme. GST inductive activity was
investigated to measure chemopreventive potentials of
waxy brown rice cultured with PI using hepalclc? cells.
The results were shown in Fig. 2. The extracts of uncul-
tured waxy brown rice did not show substantial increase
in GST activity at concentration of 0.1~5 mg/m/. The
highest activity was shown by methanol extract of waxy
brown rice cultured with PI by increasing GST activity up
to 79% at the same concentration. While the concentra-
tion of water extracts has not much to do with the GST
activity, the GST activity was increased by methanol
extracts concentration dependently up to 2 mg/m/. Kim et
al. (1999) reported that the extract from Ganoderma luci-
dum increased 20~30% of GST activity.

Carcinogens are detoxified via activation or inactiva-
tion of enzymes in liver. The GSTs are a family of
enzymes which assist the excreting of carcinogens after
making ‘them soluble via conjugation with glutathione
(GSH) (Bora et al., 1989). Until now, seven soluble GST
gene subfamilies (alpha, mu, pi, sigma, kappa, theta and
zata) have been identified in mammals (Mennervik et al.,
1992). In phase II detoxication process, the GSTs cata-
lyze the conversion of reactive intermediates through cyto-
chrome P450 (phase I detoxication), and form a protective
system against carcinogens by inactivation of electro-
philic compounds. Thus, the GSTs, one of phase II
enzymes, are used as a biomarker to investigate chemo-
preventive effects of agents (Williamson et al., 1997).

This study show that waxy brown rice cultured with PI
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Fig. 3. Induction of glutathione (GSH) levels by extracts of
waxy brown rice cultured with Phellinus igniarius (P1)
in mouse hepatoma hepalclc7 cells. Each point
represents the mean + SD (standard deviation) of three
separate experiments. The symbols show as follows.
—4@—: Water extract of waxy brown rice, —l—:
Methanol extract of waxy brown rice, — A& —: Water
extract of waxy brown rice cultured with PI, —@—;
Methanol extract of waxy brown rice cultured with PI.

may contribute to hinder cancerization by excreting elec-
trophilic carcinogens in the stage of cancer development,
via inducing GST activity.

GSH levels. Glutathione, consisted of glutamic acid,
cystein and glycine, is the thiol compound present in the
highest concentration in mammalian cells. Glutathione plays
an important role as a substrate for GST, and excretes
after detoxification by reacting directly with metabolite of
electrophilic carcinogens (Dringen, 2000; Lesley et al.,
1999).

In this study, intracellular GSH levels were measured to
demonstrate chemopreventive potentials of waxy brown
rice cultured with PI using hepalclc7 cells (Fig. 3). Com-
paring with control, the treatment group with methanol
extract of waxy brown rice showed 17~47% increase,
while waxy brown rice cultured with PI increased GSH
levels by 20~70%. There was a tendency that GSH levels
were increased concentration dependently up to concentra-
tion of 2 mg/m/, but it dropped obviously at concentra-
tion of 5 mg/ml.

The low level of GSH in a body can cause various
kinds of diseases in liver, and depletion of GSH causes
cancer or damage of cells due to production of strong
toxic metabolites. Preserving normal GSH levels or pro-
hibiting drastic GSH shifts would maintain the integrity of
normal signaling and act to stabilize the cell from detri-
mental redox fluctuations (Michell et al., 1976).

Accordingly, waxy brown rice cultured with PI did not
induce noticeable GSH levels compared with waxy brown
rice, but it may protect cells against carcinogens by acti-
vating detoxication enzymes.

Polyamine metabolism inhibition. The growth of
Acanthamoeba castellanii was measured to investigate the
inhibition of polyamine metabolism. A. castellanii was
inoculated to OGM media and after 24 hours of incuba-
tion the flask was treated with the extracts from waxy
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Fig. 4. Inhibitory effect of the water extracts from waxy brown
rice cultured with Phellinus igniarius (PI) on the growth
of Acanthamoeba castellanii at the concentration of
20mg/3 ml. A. castellanii was incubated with amples
for each time. Each point represents the mean + SD
(standard deviation) of two separate experiments. The
symbols show as follows. —@—: Contro], —O—:
Waxy brown rice, — ¥ —: Waxy brown rice cultured
with PL

brown rice cultured with PI. The cell number at that point
was 9.9 x 10", The cell count after 48 hours of incubation
reached to 42.9 x 10* in control, 30.4 x 10* in the treat-
ment group with 20 mg water extract of waxy brown rice
and 25.4 x 10* in the treatment group with 20 mg water
extract of waxy brown rice cultured with PI, respectively.
After 168 hours of incubation, the cell count of control
was observed to be 2.2 x 10" while water extract of waxy
brown rice inhibited the growth down to 1.8 x 10". Water
extract of waxy brown rice cultured with PI exhibited the
highest inhibitory effect down to 1.6 x 10" of cell number
(Fig. 4).

In groups treated with 40 mg of water extracts, the
highest inhibitory effect was shown by the group treated
with water extract of waxy brown rice cultured with PI,
down to 1.3 x 10" of cell number after 168 hours of incu-
bation (Fig. 5).

A greater inhibition of A. castellanii proliferation was
observed in the group treated with methanol extracts. In
the groups treated with 20 mg of methanol extracts, the
cell count after 48 hours of incubation reached to 28.6 x
10 in the treatment group with methanol extract of waxy
brown rice and 232 x 10° in the treatment group with
methanol extract of waxy brown rice cultured with PI,
respectively. After 168 hours of incubation, the cell count
of control was observed to be 2.1 x 10’ while methanol
extract of waxy brown rice cultured with PI inhibited the
growth down to 1.4 x 10" of cell number (Fig. 6).

In the groups treated with 40 mg of methanol extracts,
the highest inhibitory effect was shown by the group
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Fig. 5. Inhibitory effect of the water extracts from waxy brown
rice cultured with Phellinus igniarius (PI) on the growth
of Acanthamoeba castellanii at the concentration of
40 mg/3 ml. A. castellanii was incubated with samples
for each time. Each point represents the mean + SD
(standard deviation) of two separate experiments. The
symbols show as follows. —@—: Contol, —O-—:
Waxy brown rice, —¥-—: Waxy brown rice cultured
with PL.
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Fig. 6. Inhibitory effect of the methano! extracts from waxy
brown rice cultured with Phellinus igniarius (PI) on the
growth of Acanthamoeba castellanii at the concentration
of 20 mg/3 ml. A. castellanii was incubated with samples
for each time. Each point represents the mean + SD
(standard deviation) of two separate experiments. The
symbols show as follows. —@—: Control, —O—:
Waxy brown rice, —¥ —: Waxy brown rice cultured
with PL

treated with methanol extract of waxy brown rice culture
with PI, down to 1.3 x 10’ of cell number (Fig. 7).
Polyamines play an essential role in cell proliferation
and differentiation, and cellular polyamine levels are
strictly feedback-regulated to avoid cell injury or death by
excessive cellular polyamine accumulation. Therefore, in-
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Fig. 7. Inhibitory effect of the methanol extracts from waxy
brown rice cultured with Phellinus igniarius (PY) on the
growth of Acanthamoeba castellanii at the concentration
of 40 mg/3 ml. A. castellanii was incubated with samples
for each time. Each point represents the mean+SD
(standard deviation) of two separate experiments. The
symbols show as follows. —@-—: Control, —CO—:
Waxy brown rice, — ¥ —: Waxy brown rice cultured
with PL.

hibition of polyamine biosynthesis is important mecha-
nism to screen active materials having functions to pre-
vent cancer promotion and proliferation of tumor in pro-
motion phase (Pegg et al., 1982; Tabor et al., 1984). Kim
{2000) studied the inhibition of polyamine metabolism
with soybean cultured with PI, and reported soybean cul-
tured with PI had the highest inhibitory effect. The path-
way of polyamine biosynthesis is controlled by omithine
decarboxylase (ODC), and ODC catalyses the synthesis of
putrescine from ornithine in mammalian cells. The molec-
ular weight of ODC is 52,000, and is induced by various
stimuli such as hormones, growth factors, tumor promot-
ers, etc. Difluoromethyl ornithine (DFMO), well known as
an inhibitor of polyamine metabolism, hinders the activ-
ity of ODC and blocks cancerization by inhibiting the
growth of tumor cells (Kingsnorth ez al., 1983; Rozhin er
al., 1984).

This result suggested that waxy brown rice cultured
with PI may block proliferation of tumor cells due to its
inhibitory effect for polyamine metabolism also.

References

Benson, A. M., Hunkeler, M. J. and Talalay, P. 1980. Increase of
NADP: quinone reductase by dietary antioxidants: Possible role
in protection against carcinogenesis and toxicity. Proc. Natl.
Acad. Sci. USA T7: 5216-5220.

Bora, P. 8., Spilburg, C. A. and Lange, L. G. 1989. Metabolism
of ethanol and carcinogens by glutathione transferases. Proc.
Natl. Acad. Sci. USA 86: 4470-4473.

Buli, A. W., Nigro, N. D., Golembieski, W. A. Crissman, J. D.



218 Park et al.

and Mamett, L. J. 1984. In vivo stimulation of DNA synthesis
and induction of ornithine decar-boxylase in rat colon by fatty
acid hydroperoxides, autoxidation products of unsaturated fatty
acids. Cancer Res. 44: 4924-4928.

Byers, T. J., Akins, R. A., Maynard, B. J., Lefken, R. A. and
Martin, S. M. 1980. Rapid growth of Acanthamoeba in defined
media: Induction of encystment by glucose-acetate starvation,
J. Protozool. 27: 216-219.

De Long, M. ], Prochaska, H. J. and Talalay, P. 1986. Induction
of NAD(P)H: quinone reductase in murine hepatoma cells by
phenolic antioxidants, azo dyes, and other chemoprotectors: A
model system for the study of anticarcinogens. Proc. Natl.
Acad. Sci. USA 83: 787-791.

Dringen, R. 2000. Metabolism and functions of glutathione in
brain. Prog. Neurobiol. 62: 649-671.

Doll, R. and Peto, R. 1981. The causes of cancer. J. Natl. Cancer
Inst. 66: 1191-1308.

Ferguson, L. R. 1999. Prospects for cancer prevention. Mutation
Res. 428: 329-338.

Griffith, O. W. 1980. Determination of glutathione and glu-
tathione disulfide using glutathione reductase and 2-vinylpyri-
dine. Anal. Biochem. 106: 207-212.

Habig, W. H., Pabst, M. H. and Jacoby, W. B. 1974. Glutathione
S-transferase: the first enzyﬁxatic step mercapturic acid forma-
tion. J. Biol. Chem. 249: 7130-7139.

Hong, E. Y, Kang, H. J. and Kim, J. S. 1997. Fractionation of
anticarcinogenic enzyme inducers from roasted perilla. J. Kor.
Soc. Food Sci. Nutr. 26: 193-197.

Kim, B. Y., Sobota, A., Bitonti, A. J., McCann, P. P. and Byers,
T. J. 1987. Polyamine metabolism in Acanthamoeba: poly-
amine content and synthesis of ornithine, putrescine, and
diaminopropane, J. Protozool. 34: 278-284.

Kim, H. S., Kacew, S. and Lee, B. M. 1999. In vitro chemopre-
ventive effects of plant polysaccharides (Aloe barbadensis
Miller, Lentinus edodes, Ganode-rma lucidum and Corious
versicolor). Carcinogenesis 20: 1637-1640.

Kim, S. Y. 2000. The chemopreventive effects of the extracts
from soybean fermented with basidiomycetes. Ph. D. Thesis,
Yeungnam University, Korea.

Kingsnorth, A. N., King, W. W., Diekema, K. A., McCann, P. P,
Ross, J. S. and Malt, R. A. 1983. Inhibition of ornithine decar-
boxylase with 2-difluorome-thylornithine: Reduced incidence
of dimethylhydrazine-induced colon tumors in mice. Cancer
Res. 43: 2545-2549.

Lee, S. M., Cho, T. S. Kim, D. J. and Cha, Y. N. 1999. Protec-
tive effect of ethanol against acetaminophenol-induced hepato-
toxicity in mice: role of NADH: quinone reductase. Biochem.
Pharm. 58: 1547-1555.

Lee, S. Y. 1996. Characterization and production of antitumor
polysaccharide from basidiomycetes. Biotech. News 3: 399-
403.

Lesley, 1., Mclellan, C. and Wolf, R. 1999. Glutathione and glu-
tathione-dependent enzymes in cancer drug resistance. Drug
Resistance Updates 2: 153-164.

Manzi, P, Gambelli, L. Marconi, S. and Vivanti, V. 1999. Nutri-

ents in edible mushrooms: an inter-species comparative study.
Food Chem. 65: 477-482.

__, Aguzzi, A. and Pizzoferrato, L. 2001. Nutritional value of
mushrooms widely consumed in Italy. Food Chem. 73: 321-
325.

Mennervik, B., Awasthi, Y. C. and Board, P. G. 1992. Nomencla-
ture for human glutathione transferase. Biochem. Journal 282:
305-306.

Michell, J. R., Hinson, A. and Nelson, S. D. 1976. Glutathione
and drug induced tissue lesions: metabolism and function. Pp.
357-367. In Arias, I. M. and W. B. Jakoby (eds.). Glutathione,
Raven Press, New York, USA.

Mizuno, T., Wasa, T. Ito, H. Suzuki, C. and Uka, N. 1992. Antitu-
mor active polysaccharides isolated from the fruiting body of
Hericium erinaceum, an edible and medicinal mushroom called
yamabushitake or houtou. Biosci. Biotech. Biochem. 56: 347-
348.

Pegg, A. E. and McCann, P. P. 1982. Polyamine metabolism and
function. Am. J. Physiol. 243: C212-221.

Prestera, T., Holtzclaw, W. D., Zhang, Y. and Talalay, P. 1993.
The electrophile counterattack response: Protection against
neoplasia and toxicity. Adv. Anz. Regul. 33: 281-296.

Prochaska, H. J., Talalay, P. and Sies, H. 1987. Direct protective
effect of NAD(P)H: quinone reductase against menadione-
induce chemiluminescence of postmitochondrial fractions of
mouse liver. J. Biol. Chem. 262: 1931-1934.

and Santamaria, A. B. 1988. Direct measurement of
NAD(P) H: quinone reductase from cells fermented in microti-
ter wells: A screening assay for anticarcinogenic enzyme
inducers. Anal. Biochem. 169: 328-336.

__ and Talalay, P. 1988. Regulatory mechanism of monofunc-
tional and bifunctional anticarcinogenic enzymes in murine
liver. Cancer Res. 48: 4776-4782.

Rozhin, J., Wilson, P. S., Bull, A. W. and Nigrow, N. D. 1984.
Ormnithine decarboxylase activity in the rat and human colon.
Cancer Res. 44: 3226-3230.

Shon, Y. H. and Nam, K. S. 2001. Antimutagenicity and induc-
tion of anti-carcinogenic phase Il enzymes by basidiomycetes.
J. Ethonpharm. T7T: 103- 109.

Tabor, C. W. and Tabor, H. 1984. Polyamines. Annu. Rev. Bio-
chem. 53: 749-790.

Talalay, P, Fahey, J. W., Holtzclaw, W. D., Prestera, T. and Zhang,
Y. 1995. Chemoprevention against cancer by phase 2 enzyme
induction. Toxic. Letters 82: 173-179.

Wattenberg, L. 1985. Chemoprevention of cancer. Cancer Res.
45: 1-8.

Williamson, G., Dupont, M. S., Wanigtunga, S., Heaney, R. K,,
Musk, S. R. R., Fenwick, G. R. and Rhodes, M. J. C. 1997.
Induction of glutathione S-transferase activity in hepG2 cells
by extracts from fruits and vegetables. Food Chem. 60: 157-
160.

Yiu, T. C. and Ushio, S. 1989. Screening of antiallergic effect in
traditional medicinal drugs and active constituents of Aurantii
Sfructus Immaturus. Shoyakugaku Zasshi. 43: 314.



