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Abstract The activities of phase 11 and antioxidant enzymes
in the liver, lung, kidney, stomach, and colon of mice were
examined following intragastric application of polysaccharides
extracted from soybeans fermented with either Agrocybe
cylindracea (AC) or Phellinus igniarius (P1). The intragastric
application of the extracts to mice for 14 days significantly
increased the activities of quinone reductase (QR) and glutathione
S-transferase (GST) in the liver and kidney, glutathione (GSH)
and superoxide dismutase (SOD) in the liver, kidney, lung,
and stomach, and glutathione peroxidase (GSH-Px) in the
liver, lung, and kidney. In general, the elevation of the phase
IT and antioxidant enzymes activities was more pronounced in
the liver and kidney as compared to the lung, stomach, and
colon. Accordingly, these findings suggest that polysaccharides
extracted from soybeans fermented with A. cylindracea or P,
igniarius have a cancer chemopreventive potential in various
target organs.

Key words: Phase 1T enzyme, antioxidant enzyme, soybeans
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One of the most promising areas in cancer research is
chemoprevention. The chemoprevention of cancer is a
means of cancer control in which the occurrence of the
disease is prevented by the administration of dietary or
pharmaceutical agents. Chemopreventive agents function
by a variety of mechanisms, directed at all major stages of
carcinogenesis. The induction of phase II metabolizing
enzymes such as gquinone reductase (QR) or glutathione 8-
transferase (GST) is considered a major mechanism of
protection against the initiation of carcinogenesis and chemical
stress [21]. Prochaska and Fernandes [19] reported that
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dietary treatment of mice with 2(3)-zert-butyl-4-hydroxy-
anisole increased hepatic specific activities of QR and
GST, and phase II enzyme induction results in the
reduction of cancer risk via protective foodstuffs. Daily
dietary intake of glucosinolate-containing Brussels sprouts
leads to an increase of o-class GST levels in human blood
plasma [2]. The induction of glutathione (GSH) is also
used to test potential chemopreventive agents. GSH has a
variety of cellular functions, and one role of particular
importance is the protection of cellular macromolecules
trom reactive intermediates,

Reactive oxygen species produced by a free radical
chain reaction and metabolic processes have been suggested
as causative factors in mutagenesis, carcinogenesis, and
tumor promotion and have been implicated in the etiology
and pathophysiology of many human diseases [25]. However,
living systems are protected from activated oxygen species
by enzymes such as GST, glutathione peroxidase (GSH-Px),
and superoxide dismutase (SOD), Nonenzymatic protection
is also given by antioxidative nutrients (vitamins A, C and
E, P-carotene) and materials (methionine and glutathione)
26]. The levels of antioxidant defense enzymes are known
to be lower in transformed cells and/or tumors [18, 32].
Reiners et al [23] have shown depleted levels of
antioxidant enzymes in 7,12-dimethylbenz(a)anthracene-12-
O-tetradecanoylphorbol- 13-acetate-treated skin and chemically
induced skin tumors.

There have been a number of studies which demonstrate
the anticarcinogenic, antioxidant, or immunostimulating
activities of basidiomycetes mushrooms [14, 17, 30]. The
polysaccharides isolated from several basidiomycetes such
as Lentinus edodes [5], Coriolus versicolor [34], Ganoderma
lucidum [33), and Agaricus blazei [9] have exhibited antitumor
activities in allogenic, syngenic, and even autologous
tumor systems. Many synthetic chemicals such as phenolic
cormpounds also exhibit a sirong antioxidant activity, however,
they usually have side effects [38]. Several reports have
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suggested that natural dietary plants may play an antioxidative
role in the prevention of aging and carcinogenesis in vitro
and in vivo (34, 36]. Among various naturally occurring
substances, polysaccharide extracts from mushrooms appear
to be useful candidates for effective and non-toxic substances
with antioxidant activity. Polysaccharide extracts from
Ganoderma lucidum and PSK, a protein-bound polysaccharide
from Coriofus versicolar, have been reported as having
antioxidant effects [24]. Kim and Kim [11] also reported
that the water-soluble polysaccharide isolated from the fruit
body of Ganoderma lucidum was effective in protecting
against hydroxyl radical-induced DNA strand breaks.

The cultivated fruit bodies of mushrooms have already
been used medicinally, and the mycelia produced in a
liquid tank culture are used to develop medicines and for
drinking products. However, some medicinal mushrooms
can not be artificially cultivated, because the cost of the
isolation and purification of useful materials in a liquid
mass culture is expensive. Therefore, it is necessary to
develop a fermentation method using solid materials (e.g.
soybeans or various cereals) for culturing the mycelia of
medicinal mushrooms.

Accordingly, the present study investigated the effect of
soybeans fermented with A. cylindracea or P. igniarius,
administered intragastrically to mice, on the activities of
phase IT and antioxidant enzymes QR, GST, GSH-Px, and
SOD in the liver, lung, kidney, stomach, and colon.

MATERIALS AND METHODS

Preparation of Inoculum

The strains P igniarius 26005 and A. cylindracea were
obtained from the National Agricultural Science and
Technology Institute, Korea. The strains were preserved on
an MYG (malt:yeast:glucose=1.0:0.4:0.4) plate. Five (5 mm)
pieces of the mycelium grown in the solid MYG media were
put into 250 ml of an MYG broth in a 500-ml Erlenmeyer
flask. The broth with the P. igniarius was grown for 10
days, whereas that with the A. cylindracea was grown for 7
days at 28°C in a shaking incubator (Hanback Scientific Co.,
HB201S, Korea) and then homogenized at 10,000 rpm for
30 s. The resulting homogenates were used as the inoculum.

Soybeans Fermented with Basidiomycetes

The soybeans (malt soybeans) were soaked with 10 volumes
of cold water [18]. The water on the surface of the soaked
soybeans was removed after 12 h (hydration time), and the
hydrated soybeans (500 g) were autoclaved. Next, either
the A. cylindracea or the P. igniarius homogenate was
inoculated and then fermented for 15 days at 28°C in an
incubator (Ki-woo Trading, LBI-400, Korea). The fermented
soybeans with P. igniarius or A. cylindracea were dried for
48 h at 40°C and stored at - 20°C before use.

Extraction of Polysaccharides

The polysaccharides from the soybeans fermented with A.
cylindracea or P. igniarius were extracted according to the
method of Shon et al. [27] with the following modifications.
The samples were extracted with 10 volumes of boiling
water for 3 h at 100°C. After filtration, the filtrates were
first precipitated by adding 3 volumes of 95% ethanol
overnight at 4°C and then collected by centrifugation
(10,000 rpm for 30 min). The precipitates were dissolved
in distilied water and centrifuged at 8,000 rpm for 20 min.
Finally, the supernatant {(crude polysaccharides) was freeze-
dried.

Treatment of Mice and Tissue Preparation
Four-week-old male ICR mice were purchased from the
Dae-Han Laboratory Animal Research Center (Eumsung,
Korea). Six animals were housed per cage. After a one-
week acclimation period, the soybeans fermented with P
igniarius or A. cylindracea or the vehicle alone were
administered for 14 consecutive days (intragastric application
at doses of 100, 500, or 10,000 mg/ kg body wt). At the
end of the application regimen, the mice were killed by
cervical dislocation. The livers were perfused with cold
0.15 M KClI buffer (pH 7.0), and the tissues (lung, kidney,
stomach, and colon) were removed and immediately placed
in 0.25M sucrose. The tissues were homogenized in
0.25M sucrose (5.0ml/g of tissue) and centrifuged at
9,000 xg for 20 min. The supematant was treated with
0.2 vol of 0.1 M CaCl, in 0.25 M sucrose for 30 min at 0°C
and centrifuged at 27,000 xg for 20 min to remove the
microsomes. The clear cytosol fractions were then used for
determination of the enzyme activities.

Determination of QR and GST Activities and GSH
Levels in Mouse Tissues

The QR specific activity was measured by the addition of
200 pl of a mixture (0.5 M Tris-HC1 (pH 7.4), bovine serum
albumin, 1.5% Tween-20, 7.5 mM FAD, 150 mM glucose-
6-phosphate, 50 mM NADP, yeast glucose-6-phosphate
dehydrogenase, dimethythiazol-2-yl-2,5-diphenyltetrazolium
bromide (MTT), and 50 mM menadione in distilled water]
to 50 ul of a suitable dilution of the tissue cytosol fraction
according to the method of Prochaska [20]. The protein
content was determined by the crystal violet staining of an
identical set of test plates. _

The GST activity was measured using a modification of the
procedure developed by Habig er al. [8] with 1-chloro-2,4-
dinitrobenzene (CDNB) as the substrate. The protein content
was monitored in duplicate plates using a bicinchoninic
protein assay kit (Sigma, St. Louis, U.S.A.) with bovine
serum albumin as the standard. The GST activity was
expressed as the slope/min/mg of protein.

The GSH concentration was measured using an enzymatic
recycling procedure in 96-well plates [7]. The total GSH
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levels were determined in 40 pl of a suitable dilution of the
tissue cytosol fraction. A freshly prepared reaction mixture
{170 pl) consisting of 6 mM 3,5'-dithiobis-{2-nitrobenzoic
acid} in solution A [125 mM sodium phosphate buffer (pH
7.4) containing 6.3 mM EDTA], a glutathione reductase
solution (50 units in 10 ml of solution A), and NADPH-
generating system (solution B} was then added to each
well to initiate the reaction. Solution B was composed of
0.5M Tris-HCL (pH 7.4), 150 mM glucose-6-phosphate,
50 mM NADF", and glucose-6-phosphate dehydrogenase.
The plates were shaken at room temperature for 5 min on a
microtiter plate shaker. The optical density at 405 nm was
determined using a microtiter plate reader 10 min after the
initiation of the reaction. The GSH content was calculated
by comparing with a GSH standard curve. The protein
content was determined in doplicate plates prepared and
treated as described above, using a bicinchoninic protein
assay kit (Sigma, St. Louis, U.S.A.) with bovine serum
albumin as the standard. The GSH levels were expressed
as nmol/mg of protein. The induction of the enzyme (QR
and GST) activities and GSH levels were calculated from
the ratio of the specific enzyme activities and GSH levels of
the sample-treated mouse organs by comparing with the
solvent control. All data were expressed as mean+SD
(standard deviation). The means were compared using the
Student’s t-test with n=3.

Determination of GSH-Px and SOD Activities

The GSH-Px activity was determined using the coupled assay
developed by Paglia and Lawrence [13, 16] with hydrogen
peroxide as the substrate. The reaction was started by the
addition of 2.2 mM hydrogen peroxide as the substrate.
The change in absorbance at 340 nm was measured for
| min, and the activity was expressed as the umol of
NADPH oxidized/min/mg of protein. The protein content
was determined by a bicinchoninic acid protein assay kit
{Sigma, St. Louis, U.S.A.) with bovine serum albumin
(Sigma, St. Louis, U.S.A.) as the standard. The SOD
activity was determined by recording the inhibition of
ferricytochrome ¢ reduction with xanthine, xanthine oxidase,
and EDTA [15]. The amount of enzyme in the sample
sufficient to inhibit the rate of cytochrome ¢ reduction by
50% was defined as I unit of activity and expressed as
unitymg of protein. The means of the specific enzyme
activities were compared using the Student’s t-test with n=3.

RESULTS AND DISCUSSION

Induction of Phase II Enzymes in Mice

The polysaccharides extracted from the soybeans fermented
with either P, igniarius or A. cvlindracea and administered
to mice were evaluated for their potential to induce QR and
GST activities and their effect on the GSH levels in the

liver, lung, kidney, stomach, and colon. The data in Table |
show the activities of QR and GST in the extract-
administered (at doses of 100, 500, and 1,000 mg/kg body
weight) experimental groups of mice. The QR activity in
the liver and kidney was significantly (p<0.05) elevated
with the treatment of the extracts from soybeans fermented
with A. cylindracea or P. igniarius at doses of 500 and
1,000 mg/kg body weight. The intragastric application of
soybeans fermented with A. cylindracea or P igniarius
resulted in an increase in the QR activity in the colon but
not in the lung and stomach,

A greater increase was observed in the GST activity
than in the QR activity, The increase in the activity of these
two enzymes, however, was found to be markedly higher
in the liver and kidney as compared to the lung, stomach,
and colon (Table 1). In addition to the induction of QR and

Table 1. Induction of QR and GST activities by intragastric
application of soybeans fermented with A. cylindracea (AC)or P,
igniarius (PI) in cytosels of ICR mice organs.

Ratio of specific activities

Samples

Organ (mg/kg body wt) (treated/control)
QR GST
Sovbenn formenteq 100 1242011 2422017+
Liver wityh e 500 1.4520.08% 2.78+0.15%*
1000 1.53+0.13% 3.43+0,14%*
Sovbeanformenteq 100 129021 3243023+
Soybean 500 1.41+0.09% 4.01+0.20%%
1000 1.6540.21% 4.130.18%%
100 1.25+0.11 2.3120.25%
Kidney S‘.’glbfé‘fememed 500 1.40%0.15% 26840 23+
Wi 1000 1.58+0.16% 2.87+0.19%*
100 1324015  2.60+0.21%*
i?t{lbg‘;“ferme“‘ed S00 1.59+0.13% 2.98:0.20%*
1000 1.63+0.19% 32440, 18%*

100 1.10+0.06 1.00£0.12

Lung i?g}biaé‘ferme“md 500 1.09+0.15  1.00£0.07
1000 1.12+010 111016

100 1.00£0.12  1.00+0.15

f:i’glb;"}‘“ fermented 5 1000016 1.04+0.09

1000 1.00£0.09 1.10£0.10

100 1.13+026  1.10+0.17

Stomach ‘i‘.’tyhbzagfememed 500 1.26+031 1262021
! 1000 1.34+0.18  1.41x0.25
Soybeanfermented 100 1205025 1125022
Soybea S00 1352021 1214024

1000 1404030 143019

100 1.20+0.15  1.0220.20

Colon fv?g]biaé‘fe’me“‘ed 500 1352019 1.23+0.23
1000 1.4420.15% 1.3820.17

Sovbean fermented 100 1:2720.03%% 1.20+0.09
Wit’;l b1 500 1.42+0.20  1.36+0.19
1000 1454021  1.47+0.17

The results are expressed as the ratios of the specific activities of the organ
cytosols from the treated animals to those of the controls. The values are
mean:tSD (standard deviation). The values of each group are statistically
significant as compared with the control group (*: p<0.05; **: p<0.01).
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Fig. 1. Induction of GSH levels by soybeans fermented with A.
cylindracea (AC) or P. igniarius (PI) in cytosols of ICR mouse
organs.

The induction was calculated by comparing the treatment groups with the
control group. S+AC L 1, and TII represent 100, 500, and 1,000 mg/kg
body weight of saybeans fermented with AC, respectively. S+P@ 1, 11, and
T represent 100, 500. and 1,000 mg/kg body weight of soybeans
fermented with PI, respectively. The values are meanz=SD (standard
deviation}. The mean is significandy different from the control (*p<0.05,
*#p<0.01, ***p<0.001) using the Students t-test with n=3.

GST activities, the GSH levels were also increased with
soybeans fermented with basidiomycetes (Fig. I). At the
highest concentration tested (1,000 mg/kg body weight), the
soybeans fermented with A. cylindracea or F. igniarius
clevated the GSH level in the liver 1.34- and 1.45-fold,
respectively. The effect of the soybeans fermented with A.
eylindracea or P. igniarius on the induction of GSH levels
was dose-dependent within a concentration range of 100-
1,000 mg/kg body weight in the various mouse organs.
When the animals were treated with soybeans fermented
with P igniarius or A. cylindracea, no toxic effects were
observed at the concentrations tested.

Previous studies suggested that the modulation of phase
11 detoxification enzyme activities is responsible for cancer
chemopreventive activity [1,6,31,37]. Many types of
compounds, such as dithiolethione, sulforaphane, ethoxyquin,
and phenolic antioxidants, have been reported to protect
against carcinogens and the toxic effects of a variety of
chemical agents at multiple sites in animal models, via the
induction of phase 11 detoxification enzymes [3, 6, 10, 37],
such as QR and GST. Dithiolethione induces GST and
NAD(P)H:QR activities in the liver of rodents [31]. The

colon tumor-inhibitory effect of organosulfur compounds
is associated with increase of GST, NAD(P)H:QR, and
UDP-glucuronosyl transferase activities in the colon [1].
Kim er al. [12] showed that Korean vegetables have a
cancer protective activity by inducing QR activity in both
cell cultures and in vive model systems. Singh er al. [28]
also found that chlorophyllin significantly elevated GST
activity and GSH levels in the liver. Spencer ez al. [31]
demonstrated that the addition of dimethy! fumarate to the
diet of mice and rats elevated cytosolic GST and QR
activities in the liver, stomach, small intestine, colon, and
spleen. These results are consistent with our current results
which show increased QR and GST activities and GSH
levels in various organs of mice with the administration of
soybeans fermented with A. cylindracea or P igniarius.
These inducible enzymes facilitate the metabolic detoxification
of xenobiotics in mammals and can achieve chemopreventive
activity through increased carcinogen excretion and decreased
carcinogen-DNA interactions.

Phase IT drug-metabolizing enzymes such as QR or GST
play a critical role in protecting tissues from xenobiotics
and carcinogens through a variety of reactions. A one-
electron reduction of quinone leads to the formation of
semiquinones and these semiquinones are able to react
rapidly with oxygen to form a superoxide anion radical,
singlet molecular oxygen, hydrogen peroxide, and possibly
other reactive chemical species. These various forms of
reactive oxygen have been shown to damage enzymes and
cell membranes and act as mutagens and carcinogens. A two-
electron reduction of quinone to form the corresponding
hydroquinone represents a detoxification pathway for quinones,
and terminates the ability of quinone to participate in redox-
cycling. Quinone reductase functions as an inducible protective
device against quinone toxicity by reducing quinones to
relatively stable hydroquinones. These resulting hydroquinones
can be conjugated and excreted through mercapturic acid
pathways. GST catalyzes the conjugation of electrophilic
compounds with glutathione, resulting in soluble complexes that
are generally more hydrophilic and less cytotoxic. Therefore,
it is reasonable to assume that the increased activities of
GST and QR in various organs of mice fed with soybeans
fermented with A. cylindracea or P igniarius may play an
important role in relation to cancer chemopreventive effects.

Induction of Antioxidant Enzymes

The effect of intragastrically administrated soybeans fermented
with P, igniarius or A. cylindracea on antioxidant enzymes
(GSH-Px and SOD) activities in various organs of mice
(liver, lung, kidney, stomach, and colon) was tested. The
intragastric application of extracts from soybeans fermented
with A. evlindracea for 14 days resulted in a significant
increase in the GSH-Px activity in the liver, lung, and
kidney. In contrast, the application of soybeans fermented
with P, igniarius did not result in any significant change in
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Fig. 2. Effect of intragastric application of soybeans fermented
with A, cylindracea (AC) or P. igniarius (P} to ICR mice on the
activity of cytosolic GSH-Px in liver, lung, kidney, stomach, and
colon.

Con: control group received intragastric application of distilled water,
S+AC 1, 11, and III represent 100, 500, and 1,000 mg/kg body weight of
soybeans fermented with AC, respectively. S+PI I, I, and 111 represent
100, 500, and 1,000 mg/kg body weight of soybeans fermented with PI,
respectively. The values are mean+SD (standard deviation), The mean is
significantly different from the control (*p<(.05, **p<0.01, ***p<0.001)
using the students t-test with n=3.

GSH-Px activity in the stomach; however, a significant
increase in the activity of this enzyme was observed in the
liver, lung, kidney, and colon (Fig. 2). There was significant
increase in the SOD activity in the liver, lung, kidney,
stomach, and colon with the application of soybeans fermented
with A. cylindracea or P. igniarius at a concentration of
1,000 mg/kg body weight (Fig. 3).

GSH-Px plays a role in the detoxification of peroxides
from cells and/or tissues [22]. The source of H,Q, in cells/
tissues is mainly from the superoxide dismutase-mediated
dismutation of O, [4]. Several previous reports have suggested
the effects of peroxides in producing cytotoxicity/genotoxicity
in cellular systems [4, 29]. In addition, highly reactive OH
generated from H,O, is known to damage macromolecules,
specifically DNA, to produce a pathological alteration [18,
32]. In view of these facts, the enhancement in the activity
of both GSH-Px and SOD in various organs through the
application of soybeans fermented with A. cylindracea or
F. igniarius seem to suggest that such a treatment could
protect cells/tissues against the cytotoxic/genotoxic effects
of peroxides and ‘OH.

8 & Con

WSHCH
OSs+ACl
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Fig, 3. Effect of intragastric application of soybeans fermented
with A. eylindracea (AC) or P igniarius (P1) to ICR mice on the
activity of cytosolic SOD in liver, lung, kidney, stomach, and colon.
Con: control group received intragastric application of distilled water.
S+AC L 1L, and I represent 100, 500, and 1000 mg/kg body weight of
soybeans fermented with AC, respectively. S+PI L 11, and ITT represent
100, 500, and 1,000 mg/kg body weight of soybeans fermented with PI,
respectively. The values are mean+SD (standard deviation). The mean is
significantly different from control (*p<0.05, **p<Q.0l, ***p<0.001)
using the student's t-test with n=3.

The generation of reactive oxidants in biclogical systems,
either by normal metabolic pathways or as a consequence
of exposure to chemical carcinogens, has been extensively
studied as a contributing factor to the multistage process of
carcinogenesis [18, 32]. The collective action of both
phase 1l and antioxidants enzymes, such as GST and QR,
is to offer protection against the adverse effects of oxidants
or reactive metabolites of precarcinogens [18, 32]. The
depietion of antioxidant enzymes following exposure to
carcinogens and/or tumor promoters is already known [18,
32]. In contrast, cancer chemoprevention studies showed
that following the administration of chemopreventive agents,
the levels of antioxidant enzymes were elevated in various
organs of test animals [35].

In conclusion, the current study indicated an enhanced
activity of phase II enzymes like QR and GST and
antioxidant enzymes such as GSH-Px and SOD in various
organs of mice after intragastric application of soybeans
fermented with A. cvlindracea or P. igniarius, and suggested
a possible mechanism for cancer chemoprevention. These
findings encourage us to further study the chemopreventive
activity of solid-fermented basidiomycetes.
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