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We have recently discovered that mycelium of Phellinus linteus, popular medical mushrooms in Korea,
possess alcohol dehydrogenase and produce alcohol. In the present study, it was examined that the
effect of fermented rice wine made by using mycelivm of P. linteus (FLMP) on the expression of in-
flammation-related proteins in both HepG: cells and rats. To examine the effect of FLMP on the mor-
phology and expression of inflammatory proteins in HepG, cells, the cells were incubated with etha-
nol, and FLMP for 24 hours, and then analyzed by microscopic observation and Western blot and re-
verse transcription polymerase chain reaction (RT-PCR). While ethanol induced the morphological
change accompanied with cell debris formation and scattering on HepG, cells, FLMP had no effect.
The results of Western blot and RT-PCR analyses showed that the level of inducible nitric oxide syn-
thase (iINOS), cyclooxygenase (COX)-1 and COX-2 was induced by ethanol, however, FLMP inhibited
the expression of these proteins and its mRNAs. In the animal model, the value of glutamate ox-
aloacetate transaminase and glutamate pyruvate transaminase was significantly increased by admin-
istration with ethanol. But the group administrated with FLMP showed lower levels on the changes
of these markers compared with ethanol-administrated group. Besides, the results of Western blot and
RT-PCR analyses showed that the expression of inflammatory proteins such as iNOS, COX-1 and
COX-2 was not affected by FLMP administration in rat liver. About histopathological and im-
munohistochemical observations, inflammatory loci were markedly decreased in the FLMP-adminis-
trated rat compared to ethanol-administrated rats and showed weaker COX-2 and iNOS immu-
noreactions. These results suggested that FLMP showed slight changes on the inflammatory proteins
expression compared to ethanol and FLMP may be used as a functional alcoholic beverage.
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The Phellinus linteus, commonly referred to as Sangwhang
in Korea, is well known as one of the most popular medi-
cal mushrooms due to its high anti-tumor and immuno-
stimulating activities[6,11]. Aqueous extract from the fruit-
ing body or mycelia of P. linteus has been reported to pro-
duce anti-tumor, anti-angiogenic, anti-mutagenic and im-
munomodulatory activities in vivo and vitro[3].

Despite such great medical value, P. linteus is restricted
to use by reason of it being extremely rare to find in the
nature and it’s high price. During mass-culture of mycelia
of this fungus, we have discovered that mycelium of
P.linteus possesses some alcohol dehydrogenases and pro-
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duces alcohol. Most alcoholic beverages are made by the
fermentation process involving the action of various yeasts
[13]. The fermented rice wine is made by using mycelium
of P. linteus (FLMP) is the first alcoholic beverage without
alcoholic fermentation by yeast or any kind of microorganism.
Furthermore, if the FLMP is beneficial as P. linteus, this
rice wine may be a new type of healthy functional rice
wine.

However, all kinds of alcoholic beverages have an in-
jurious effect on the function of the liver and other organs.
Thus it is necessary to confirm the effect of FLMP on the
inflammatory proteins and liver function markers. The
present study was designed to examine the effects of
FLMP on the expression of inflammation-related proteins
and the change of functional markers in human hep-
atocarcinoma cells and rat livers.
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Materials and Methods

Production of FLMP

To increase ethyl alcohol production the rice-based me-
dium was used, and P. linteus was co-cultured with
Aspergillus oryzae. First, A. oryzae was aseptically inoculated
on 1.2 kg of autoclaved rice. When the spawned rice had
been fully colonized with A. oryzae, 3 kg of autoclaved rice
and 90 g (wet weight) of P. linteus mycelia were mixed all
together in 5 liters of autoclaved water. Incubation was
done for 11 days at 25°C without shaking. Each 1.5 kg of
autoclaved rice was additionally added at 24 h and at 72
h of the incubation period. The FLMP has 14% alcoholic
concentration.

Antibodies and chemicals

Antibodies against cyclooxygenase (COX)-1, COX-2 and
inducible nitric oxide synthase (iNOS) and secondary
horseradish peroxidase-conjugated rabbit immunoglobulin
G antibodies were obtained from Santa Cruz Biotechnol-
ogy (CA, USA). All other chemicals were obtained from
Sigma (MO, USA).

Cell culture and treatment

HepG: cells were obtained from Korean Cell Line Bank
(Seoul, Korea) and were grown in DMEM (Dulbecco’s
Modified Eagle Medium, GIBCO BRL, NY, USA) supple-
mented with 10% fetal bovine serum (GIBCO BRL) and 1%
penicillin-streptomycin  (GIBCO BRL). HepG cells have
been widely employed to analyze in vitro alcoholic disease
model systems. The cells were cultured at 37T in a 5%
CO; atmosphere. Cells were seeded and stabilized for 24 h
and then, treated with a fresh medium containing 14%
ethanol or FLMP for 24 h.

Ethanol and FLMP administration

Male Sprague-Dawley rats, weighing about 120 g on
average, were obtained from Hyochang Science Co. in
Korea. Rats were housed under conditions of 22T and 12
h dark and light cycle, were fed a commercial diet, and al-
lowed tap water ad libitum starting 2 weeks before and
throughout the study. Rats were administrated orally 5 ml
of 14 % ethanol, FLMP and PBS twice a day for 10 days.

SDS-PAGE and western blot analysis
Cells were washed in a cold phosphate-buffered saline
and lysed in lysis buffer (40 mM Tris-Cl pH 8.0, 120 mM

NaCl, 0.1% NP-40, 0.1 mM sodium orthovanadate, 2 pg/ml
leupeptin and 100 pg/ml phenyl methylsulfonyl fluoride)
at 4C for 30 min. The lysates were centrifuged at 14,000
rpm for 30 min at 47, and the supernatants were served
as whole cell protein extracts. Rat livers were washed in
cold HEPES buffer, and homogenized in 9 volumes of po-
tassium HEPES buffer containing 0.5% Triton X-100, 1 mM
DTT, 5 mM sodium orthovanadate, 10 ug/ml aprotinin, 10
ug/ml leupeptin and 10 mM phenyl methylsulfonly fluoride.
The homogenates were centrifuged at 14,000 rpm for 30
min at 4C and the supernatants served as liver protein
extracts. Equal amounts of proteins were separated by
8-12% SDS-PAGE. The resulting gels were transferred to
immobilon-P transfer membranes (Millipore, Bedford, MA,
USA). For Western blotting, the membranes were in-
cubated with the specific first antibodies for 2 h at room
temperature, and then the blots were incubated with horse-
radish peroxidase-conjugated secondary antibody. The anti-
body-specific proteins were visualized by the enhanced chem-
iluminescence detection system according to the recom-
mended procedure (Amersham, Arlington Heights, IL, USA).

Reverse transcription-polymerase chain reaction

(RT-PCR) _

For mRNA analysis, cells and rat livers were washed in
cold phosphate-buffered saline and homogenized in TRIzol
reagent (Invitrogen) following the manufacturer’s manuals.
mRNA levels were determined by RT-PCR using the
GeneAmp RNA-PCR kit (Perkin Elmer) with 50-100 ng of
poly A" RNA and specific primers as previously described
[1]. 10 pl of the reaction products were subjected to electro-
phoresis in 1% agarose gel and visualized by ethidium
bromide (EtBr) staining.

Serum analysis

For the serum analysis, the blood was collected from the
heart and immediately centrifuged at 3,000 rpm for 25 min
and the plasma was stored at -20C for later analysis.
Levels of serum glutamate oxaloacetate transaminase (GOT)
and glutamate pyruvate transaminase (GPT) were de-
termined by the Cobas Mira (Roche, Switzerland).

Histopathology and immunohistochemistry

The livers were fixed in 4% paraformaldehyde in PBS
for 18 h and dehydrated in a graded ethanol series. After
embedment in paraffin, serial 5 pm thick sections were

prepared. For histopathological examinations, hematox-



ylin-eosin stain and periodic acid Schiff’s (PAS) reaction
were used. After deparaffinized in 58°C xylene, the sec-
tions were exposed to 0.3% methanolic hydrogen peroxide
for 30 min, and washed with PBS. Tissues were then treat-
ed with goat normal serum at room temperature for 30
min followed by treatment with anti-iNOS, COX-1 and
COX-2 diluted for 1:500 in moisture chamber at 4C for 16
h. After being washed by PBS, tissues were incubated with
the secondary antisera, biotinylated anti-rabbit IgG for 30
min and washed with PBS. These sections were further in-
cubated in avidin-biotin-peroxidase complex kit (Vector
Lab. CA, USA) at room temperature for 1 h. Diaminoben-
zidine substrate kit for peroxidase (Vector Lab. CA, USA)
was applied. For the controls, treatment with primary and

secondary antibodies was omitted.

Results

Effect of FLMP on the morphology of HepG: cells
It was examined the effects of FLMP compared with

ethanol on the morphology of liver cell. HepG: cells were
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treated with ethanol or FLMP including 0.28%, 0.56% and
1.4% of alcoholic concentration for 24 h. As shown in Fig.
1, ethanol induced morphological change including scatter-
ing and cell debris formation, while the cells treated with
FLMP had no change similar to the control. The result sug-
gests that FLMP have some components which are able to
protect cellular morphology or structure from its own alcohol.

Effect of FLMP on the expression of inflammation-
related proteins in HepG: cells

To investigate the effect of FLMP on the expression of
inflammation-related proteins in HepG, cells, the cells
were treated with 0.28% of alcoholic concentration of etha-
nol and FLMP for 24 h. As shown in Fig. 2A, expression
of COX-1 and COX-2 was induced in HepG, cells treated
ethanol than FLMP. Also, iNOS expressions were strongly
induced in HepG; cells treated ethanol than FLMP. This al-
leviative effect of FLMP on the protein expression was
confirmed by RT-PCR analysis (Fig. 2B). The results in-
dicated that FLMP lowered the induction of inflammation

more than ethanol through decreasing the inflammatory

Fig. 1. Morphological changes in HepG; cells following incubation with ethanol and FLMP. Cells were treated with ethanol and

FLMP of various alcoholic concentrations for 24 h (x200).
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Fig. 2. Effects of ethanol and FLMP on the expression of inflammation-related proteins (A) and mRNAs (B). HepG; cells were
incubated with ethanol and FLMP (0.28% alcohol each) for 24 h. The expression levels of iNOS, COX-1 and COX-2 protein
and mRNA were examined by Western blot and RT-PCR as detailed in Materials and Methods.
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Effect of FLMP on the liver function in rats

In the results of in vitro experiment, ethanol could in-
duce morphological change and inflammation in HepG,
cells, however, FLMP showed little marked effects.
Therefore, the effect of FLMP on the liver function was ex-
amined in the animal model. Rats were administrated or-
ally 5 ml of ethanol, FLMP or PBS twice a day for 10 days.
After treatment, the markers for liver function including
serum GOT and GPT were examined. As shown in Fig. 3,
the level of GOT was increased in the ethanol-adminis-
trated group compared with control, but there was no sig-
nificant changes. However, GPT level was significantly in-
creased in ethanol-administrated group compared with
control and this level also markedly decreased in the
FLMP-administrated group compared with the ethanol-
treated group.

Effect of FLMP on the expression of inflammation-

related proteins in the rat liver
Fig. 3 suggests that ethanol has injurious effects on the

liver function markers relating to inflammation in the liver.
Then inflammation-related proteins in the rat liver admin-
istrated with ethanol were examined. As shown in Fig. 4A,
iNOS, COX-1 and COX-2 protein was increased in the rats
administrated with ethanol, but these proteins, especially
iNOS, were reduced in the rats administrated with FLMP.
To confirm these results, RT-PCR analysis was performed

as shown in Fig. 4B.

Histopathological and immunohistochemicai ob-
servation of rat liver
Inflammatory loci with stromatic changes including
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Fig. 3. Effects of ethanol and FLMP on the serum GOT and
GPT levels. Rats were administrated with 14% ethanol
and FLMP (14% alcohol content) twice a day for 10
days and examined by a blood serum analysis instru-
ment. Values are means+SEM of eight animals. *, P<
0.05; **, P<0.005. '

cloudy swelling, hydropic degeneration and inflammatory
cells infiltration were markedly increased in the etha-
nol-administrated rat. But a similar histopathological pat-
tern with PAS reaction showed in rats administrated with
FLMP compared with control ones (Fig. 5). The iNOS and
COX-2 immunoreaction of hepatocytes, especially in the in-
flammatory loci, were increased in ethanol-administrated
groups compared to control ones. But these immuno-
reactions were decreased in the rats administrated by
FLMP with fewer inflammatory loci (Fig. 6).

Discussion

Generally, P. linteus has been used as a medicinal mush-
room for the treatment of inflammatory disease and cancer
in Korea. The investigations for the crude extract and

chemical constituents of this fungus were also focused on
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Fig. 4. Effects of ethanol and FLMP on the expression of inflammation-related proteins (A) and mRNA (B) in rat liver. Rats were
administrated with 14% ethanol and FLMP (14% alcohol content) twice a day for 10 days and examined by Western blot

and RT-PCR analysis in rat liver.
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Fig. 5. Photomicrographs showing the liver of the rat in the control (A), ethanol- (B) and FLMP-administrated rats (C). Note severe
inflammatory loci and a marked weak PAS reaction of the ethanol-administrated rats compared with the control and

FLMP-administrated ones. Scale bar=50 ym.

Fig. 6. Immunoreaction of COX-2 in the liver of control (A), ethanol- (B) and FLMP-administrated rats (C). Note decline of COX-2
immunoreaction, especially in inflammatory loci, in the FLMP administrated rats compared with ethanol-administrated ones.

Scale bar=50 ym.

their anti-tumor activities. Like fruiting bodies of P. linfeus,
its mycelial extract was found to contain potent anti-tumor
activities[3] and showed anti-tumor activity toward solid
tumors planted in mice[11]. The polysaccharides of myce-
lial culture of P. linfeus stimulate humoral and cell-medi-
ated immunity and exhibit a wider range of immunostim-
ulation and anti-tumor activity[5].

The liver is one of the major organs to be damaged dur-
ing the heavy intake of alcohol. Many studies have demon-
strated that liver disease resulted from the dose-and
time-dependent consumption of alcohol[4,8). We have first-
ly observed that the effects of FLMP on the morphological
change of HepG, cells in the present study. HepG; cells
treated with FLMP showed a similar morphology as like
the normal cells. These results suggest that FLMP may
have some components to protect cellular morphology or
structure from its own alcohol.

The liver injury in response to alcohol is associated with
an inflammatory response as an important precursor to the
development of irreversible liver disease[10]. The iNOS is
a member of the nitric oxide synthases family and hepatic

injury is associated with up-regulation of this enzyme ex-
pression[9,14]. COX-1 is constitutively expressed in most
cells and tissues, whereas COX-2 is only expressed when
induced by inflammatory stimuli[16,17]. COX-2 is se-
lectively expressed in response to various inflammatory
stimuli and is increased in adjacent cirrhotic tissue of hep-
atocellular carcinoma[2,12].

In the present study, higher expression of iNOS, COX-1
and COX-2 were induced in the ethanol treated HepG,
cells compared with FLMP-treated cells (Fig, 2). Furthermore,
in vivo experimental data confirmed that FLMP could affect
an expression of inflammatory proteins in rat liver (Fig, 4).
The immunohistochemical analysis also showed a similar
result with mRNA and protein expression. The declines of
iNOS and COX-2 immunoreaction with a decrease of in-
flammatory loci in an FLMP-administrated rat were ob-
served compared to ethanol-administrated ones (Fig. 6).

The GOT and GPT levels are correlated with the degree
of inflammation or cell death of the liver(7,15]. Therefore,
it was investigated that the effects of FLMP on the alter-
ation of GOT and GPT levels in rat blood serum served as
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a liver functional marker. Lower levels of these enzymes,
especially GPT, were demonstrated in the serum of
FLMP-administrated rats compared to ethanol-adminis-
trated ones with histological changes such as fewer in-
flammatory loci (Figs. 3 and 5).

Previous studies showed that the methanolic extract of
the mycelial culture of P. linteus significantly protects
against hepatotoxins-induced toxicity in primary cultured
rat hepatocytes[6]. It suggested that alcohol causes liver
damage through hapatocytic necrosis including inflam-
matory process, but some components of FLMP may pre-
vent alcohol-induced liver injury.

Although exact components of this beverages are not
clear, active fraction of FLMP was composed of 68+9% of
protein and 15+4% of sugar. It's constitute of sugars were
Glu:Gal:Man:Fru=46.6:12.8:26.4:3.8 in molar ratio. The 'H,
PC-NMR analysis showed that the main glucan part of the
extract of FLMP was a mixtures a-D-glucan and B-D-glu-
can (unpublished data). Though FLMP has relative low al-
cohol content (14%), FLMP can also cause the alcoholic liv-
er disease. However, FLMP administration induced lower
expression of inflammation-related proteins in both HepG;
cell and rat liver compared with ethanol. Furthermore,
FLMP-administrated groups showed slight changes on the
liver enzyme abnormalities. This was also confirmed by
histopathological and immunohistochemical observations
in rat liver.

As shown in a previous report that anti-tumor poly-
saccharides from mushrooms are B-D-glucan[11}, the poly-
saccharides of FLMP may prevent alcohol-induced liver
injuries. Consequently, these results suggest that FLMP
may have some components to hepatoprotective activities.
Then these data will be a useful additional source of in-
formation about mycelium of P. linteus and a good guide
for the developments of the other functional alcoholic

beverages.
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