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Alcoholism is a significant health problem in the world. The liver is the first and primary target organ for alcohol 
metabolism. Alcohol dehydrogenase and aldehyde dehydrogenase play important roles in the metabolism of alcohol and 
aldehyde. In this study, I aimed to investigate the eliminatory effects of a Phellinus spp. extract on alcohol metabolism 
in drunken Sprague-Dawley (SD) rats. Male SD rats were given Phellinus spp. extract at 30 min after 40% (5 g/kg) 
alcohol ingestion. To assay the effect of Phellinus spp. extract on blood alcohol concentration, blood samples were taken 
from the tail vein at 1, 3 and 5 h after alcohol ingestion. The concentrations of alcohol, alcohol dehydrogenase, and aldehyde 
dehydrogenase in Phellinus spp. extract treated rat were significantly lower than that of the control with a time-dependent 
manner. In addition, the alanine aminotransferase and aspartate aminotransferase activities of Phellinus spp. extract-treated 
groups were altered compared to those of the control group. These results suggest that Phellinus spp. extract intake can 
have a positive effect on the reduction of alcohol, alcohol dehydrogenase, and aldehyde dehydrogenase concentrations 
in the blood and may alleviate acute alcohol-induced hepatotoxicity by altering alcohol metabolic enzyme activities. 
Phellinus spp. extract is thus a good nutraceutical candidate. 
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INTRODUCTION 

 
Alcohol is the most used and commonly abused drug. 

Alcohol is a mild toxicant and its toxicity primarily comes 
from its metabolism. Abused alcohol is the main cause of 
liver disease worldwide and alcoholic liver disease is high 
ranked among the major causes of morbidity and mortality 
in the world (Smathers et al., 2011). Every year, it affects 
millions of people. The liver is the first and primary target 
organ for alcohol metabolism (Lieber, 1988). But, other 
organs, including the kidneys, brain, and lungs, may also be 
affected by alcohol toxicity (Guidot and Roman, 2002). 

Alcohol is primarily catalyzed into acetaldehyde by 
alcoholic dehydrogenase (ADH) and cytochrome P4502E1, 
key enzymes in the microsomal ethanol oxidizing system. 
Thereafter, acetaldehyde is transformed into acetic acid by 
mitochondrial and cytosolic acetaldehyde dehydrogenase 
(ALDH) isoenzymes (Klyosov et al., 1996). Mushrooms 
have currently received distinctive attention as physiologi- 
cally functional foods and as commendable sources of natural 
medicine (Dai et al., 2010). Phellinus linteus (P. linteus), 
Phellinus gilvus (P. gilvus) and P. baumii are medicinal 
mushrooms belonging to the Hymenochaetaceae basidio- 
mycetes family (Hwang et al., 2004), which is a source of 
many antitumor or immunostimulating polysaccharides and 
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has been utilized in medicine for many human diseases in 
several Asian countries (including Korea) for a long time. 
A research regarding P. linteus demonstrates that it possesses 
antitumor (Kim et al., 2004), immunomodulating (Kim et 
al., 2004), antibacterial (Hur et al., 2004), antiangiogenic and 
antioxidant activity (Song et al., 2003). Furthermore, recent 
studies have shown that many other genera of Phellinus (e.g. 
P. baumii, P. gilvus and P. igniarius) also have potent phar- 
macological activities (Jang et al., 2004; Hwang et al., 2005; 
Lee et al., 2010). It has also been reported the anti-platelet 
(Kamruzzaman et al., 2011) and anti-inflammatory effects 
(Yayeh et al., 2012) of this mushroom extract; however, its 
protective effect against alcohol-induced liver diseases has 
never been investigated. 

The aim of the current study was to investigate the pro- 
tective effects of Phellinus spp. extract on alcohol-induced 
hepatotoxicity in rats. To determine if intake of Phellinus 
spp. extract caused any liver damage, serum levels of alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST) were also determined. With AST and ALT in the blood, 
blood alcohol dehydrogenase (ADH) activity and aldehyde 
dehydrogenase (ALDH) activities were also determined to 
evaluate the protective effects of Phellinus spp. extract on 
alcohol-induced hepatotoxicity. 

 
MATERIALS AND METHODS 

Preparation of Phellinus spp. extract 

All mushroom Phellinus spp. used for preparing extract 
were obtained from company 'Bukseorak' (Seoul, Korea). 
Fresh mushrooms were washed and ground with grinder to 
perform successive extractions. One kilogram of fresh mush- 
room was incubated in 5 L of distilled water, and filtered 
under high temperature/ high pressure three times. The filtrate 
was heated and dried to over 60% concentration using a 
rotary vacuum evaporator. 

Animals 

Male SD rats (180~200 g, 6 weeks old) were used for the 
study. After 1 week of adaptation, all animals were housed 
in a temperature (25℃) and humidity (50%) controlled room 
with a 12-h light/12-h dark cycle. Water and a normal stan- 

dard pellet diet were available ad libitum throughout the 
experimental period. 

Acute alcohol-induced liver injury in mice 

After 1 week of acclimatization, the rats were randomly 
allocated into 2 groups. The two groups were Group I (con- 
trol group): rats received 0.2 mL water by gavage, and Group 
II (Phellinus spp. extract-treated group): the rats were treated 
with Phellinus spp. extract (0.04 mg/kg). After or before 30 
min, each rat received alcohol diluted in water (40%, v/v) 
at 5 g/kg. At 1, 3 and 5 h after the administration of alcohol, 
blood was collected from the tail vein to determine bio- 
chemical parameters. The rats received humane care, and 
experiments were performed according to the criteria outlined 
in the Guide for the Care and Use of Laboratory Animals 
and with approval of the Animal Care and Use Committee 
of Daejeon University (DJUARB2014-046). 

Serum alcohol concentration 

A blood alcohol assay kit (Abcam, USA) was used, fol- 
lowing a slightly modified version of the manufacturer's 
protocol, to determine the serum alcohol concentration. 
Briefly, 5 μl of serum was mixed with 50 μl of reaction 
mixture. After mixing for 30 min at 37℃ the absorbance 
was measured at a wavelength of 570 nm. The alcohol con- 
centration was calculated according to the equation pro- 
vided with the kit. 

Assessment of AST and ALT 

AST and ALT activities are commonly used to assess 
hepatic function. Serum levels of AST and ALT were 
assessed using an AST or an ALT Kit (Abcam, USA). Serum 
was diluted with phosphate buffered saline (PBS) prior to 
performing the assay. Yellow-colored hydrazones, which are 
metabolites of AST and ALT, were measured at a wavelength 
of 570 nm. 

Assessment of ADH and ALDH 

The reaction mixtures for assay were pre-incubated with 
50 μL of enzyme source for 5 min at room temperature 
and the change in absorbance at 450 nm was monitored for 
30 min to determine the amount of NADH generated. The 
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activities were determined by comparing the optical densities 
of the samples with the blank 

Statistical analysis 

All data are expressed as mean ± standard deviation. 
Statistical analyses were performed using the software SPSS. 
The Student's t-test was used to determine the significance 
of differences among groups; differences were considered 
to be significant when P<0.05. 

 
RESULTS 

Determination of Phellinus spp. extract concentration 

Alcohol-induced liver injury is indicated by elevated 

serum ALT and AST activity levels. However, some herbal 
medicine can also cause liver damage, which would be in- 
dicated by increases in serum AST or ALT. First, I aimed to 
determine whether the Phellinus spp. extract intake would 
cause injury to rat livers. Pre-treatment with Phellinus spp. 
extract make ALT (Fig. 1A) or AST (Fig. 1B) decreased as 
the concentration of Phellinus spp. extract and resulted in 
significant protection of the liver health. The Phellinus spp. 
extract did not induce any signs or symptoms of toxicity, 
and no mortality was recorded during the study. 

Determination of administration time of Phellinus spp. 
extract in serum 

Second, I want to know the administration time, pre-
dosing or post-dosing with the Phellinus spp. extract. Blood 
alcohol concentrations were also slightly lower in pre-dosing 
(5.18 ± 0.72 nmol/μL) and post-dosing (4.40 ± 0.98 nmol 
/μL) than control (5.27 ± 0.10 nmol/μL) at 1 h. At 3 h, 
the blood alcohol concentration of the experimental group 
treated with post-dosing group was approximately 2-fold 
lower than that of the negative control group, which was 
administered alcohol alone (7.72 ± 0.66 nmol/μL). The 
lowest blood alcohol concentration was observed in the 
post-dosing group (3.07 ± 0.43 nmol/μL), not pre-dosing 
group (4.31 ± 0.70 nmol/μL) at 3 h. (Fig. 2). Blood alcohol 

Fig. 1. Effects of Phellinus spp. extract intake on serum of (A)
alanine aminotransferase (ALT) and (B) aspartate aminotransferase
(AST) activities in healthy rats. At 1 and 5 h after the administration
of Phellinus spp. extract intake, blood was collected from the tail 
vein. Values are shown at the mean ± S.D. for 10 rats. Asterisks in-
dicate significant differences between groups (*P<0.05). 

Fig. 2. Effects of Phellinus spp. extract on blood alcohol levels in 
pre-dosing or post-dosing rats with alcohol treatment. Values are 
shown at the mean ± S.D. for 10 rats. Asterisks indicate significant
differences between groups (*P<0.05). 
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concentrations of the post-dosing groups decreased in a 
time-dependent manner and is post-dosing manner is better 
than pre-dosing. 

Effects of Phellinus spp. extract on blood alcohol concen- 
tration in serum 

Blood alcohol concentrations of Phellinus spp. extract-
treated rats were measured at 1, 3 and 5 h after admini- 
stration of 40% alcohol. After alcohol exposure, blood 
alcohol concentrations ranged from 5.94 to 4.67 nmol/μL 
(Fig. 3). The blood alcohol concentration of the Phellinus 
spp. extract-treated groups (4.73 ± 0.38 nmol/μL) was 
lower than that of the negative control group, which was 
administered alcohol alone (5.94 ± 0.19 nmol/μL) at 1 h. 
Serum alcohol concentrations were also slightly lower in 
Phellinus spp. extract-treated groups (4.30 ± 0.15 nmol/ 
μL) than in control (4.67 ± 0.46 nmol/μL) at 5 h. Blood 
alcohol concentrations of the Phellinus spp. extract-treated 
groups decreased in a time-dependent manner. The blood 
alcohol concentration of the Phellinus spp. extract-treated 
groups at 1 h is almost same concentration of control at 5 h. 

Effects of Phellinus spp. extract on ALT and AST activity 
levels 

At 1 h, in ALT activity, there was no difference between 
groups treated with Phellinus spp. extract and the negative 
control group. However, at 3 h, the ALT concentration was 

lower in the groups treated with Phellinus spp. extract (15.54 
± 1.68 mU/mL) than in the negative control group (18.81 
± 1.33 mU/mL). The lowest serum ALT concentration was 
observed in the group treated with Phellinus spp. extract 
(12.59 ± 1.27 mU/mL) at 5 h (Fig. 4A). In AST, at 1 h, 
the AST concentration was lower in the groups treated with 
Phellinus spp. extract (11.17 ± 4.28 mU/mL) than in the 
negative control group (18.61 ± 3.08 mU/mL) (Fig. 4B). 

Effects of Phellinus spp. extract on ADH and ALDH 
levels 

At 3 h, serum ADH concentrations were also slightly 
higher in groups treated with Phellinus spp. extract than in 
the negative control group. However, at 5 h, the ADH con- 

Fig. 3. Effects of Phellinus spp. extract on blood alcohol levels in 
drunken rats. Values are shown at the mean ± S.D. for 10 rats. 
Asterisks indicate significant differences between groups (*P<0.05). 

Fig. 4. Effects of Phellinus spp. extract on serum of (A) alanine 
aminotransferase (ALT) and (B) aspartate aminotransferase (AST) 
activities in drunken rats. Normal is a group without intake. Values
are shown as the mean ± S.D. for 10 rats. Asterisks indicate signifi-
cant differences between groups (*P<0.05). 
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centration was higher in the groups treated with Phellinus 
spp. extract (102.15 ± 6.19 mU/mL) than in the negative 
control group (47.57 ± 7.61 mU/mL). The highest serum 
ADH concentration was observed in the group treated with 
Phellinus spp. extract at 5 h (Fig. 5A). At 1 h, the serum 
ALDH concentration of the Phellinus spp. extract-treated 
group (404.49 ± 14.38 mU/mL) had slightly higher than 
that of control (376.00 ± 7.79 mU/mL) (Fig. 5B). 

 
DISCUSSION 

 
In this study, I investigated the protective effects of 

Phellinus spp. extract on alcohol-induced liver damage in 
rat. Mushrooms are classified as a fungus and consist of a 

spore-bearing fruit body. Mushrooms are not only a nutri- 
tious food, but also are a therapeutic medicine (Zjawiony, 
2004; Lee et al., 2010; Wang et al., 2014). Of the wild mush- 
rooms studied so far, P. baumii was reported for anti-obesity 
(Noh et al., 2011), free radical scavenging activity (Lee et 
al., 2010) and hypoglycemic (Hwang et al., 2005) functions. 
Indeed, mushrooms produce various classes of secondary 
metabolites with diverse biological activities, including 
immunomodulatory, cardiovascular, anti-inflammatory, anti-
diabetic, antiviral, antioxidant, antitumor, and antimicrobial 
properties (Zjawiony, 2004; Lee et al., 2010; Kim et al., 
2013). Due to these properties, mushrooms have been re- 
cognized as a source for the development of medicine and 
nutraceuticals (Kim et al., 2013). 

Alcohol dependence and alcohol abuse are known to be 
primary causes of end-stage liver disease and substantial 
morbidity and mortality (Sehrawat and Sultana, 2006). 
Alcohol-induced injury in liver is a major complication of 
excessive alcohol intake that results in severely health pro- 
blem to individuals and is a significant effects on social 
healthcare plan. 

In this study, consumption of a Phellinus spp. extract was 
demonstrated to significantly improve serum biochemical 
indices and to influence alcohol metabolizing enzymes in 
liver. Alcohol consumption is notably associated with liver 
damage and a prominent sign of liver injury. The indication 
of Liver problems is the leakage of cellular enzymes (AST, 
ALT) into the serum (Sehrawat and Sultana, 2006). Phellinus 
spp. extract did not appear to cause liver injury (Fig. 1) and 
shows the potential for use as a health food and post-dosing 
is better than the pre-dosing to decrease blood alcohol (Fig. 2). 

Alcohol-treated rats show high activity of these toxicity 
marker enzymes, indicating increased membrane permea- 
bility, cellular damage, and/or necrosis of hepatocytes (Baldi 
et al., 1993; Tahir and Sultana, 2011). Acute alcohol intake 
significantly increases the serum levels of AST and ALT. 
Compared to the alcohol-treated group, treatment with 
Phellinus spp. extract decreased serum ALT (Fig. 4A) and 
AST activity (Fig. 4B) in the present study. 

Silymarin (Song et al., 2006), a Decalepis hamiltonii's 
root (Srivastava and Shivanandappa, 2006), and glycopro- 
teins from Acanthopanax senticosus (Choi et al., 2006) have 

Fig. 5. Effects of Phellinus spp. extract on (A) alcohol dehydro-
genase (ADH) and (B) aldehyde dehydrogenase (ALDH) activities
in drunken rats. Values are shown as the mean ± S.D. for 10 rats. 
Asterisks indicate significant differences between groups (*P<0.05). 
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also been shown to have protective effects against alcohol-
induced liver toxicity. In an acute alcohol treatment model, 
Phellinus spp. extract administration significantly alleviated 
alcohol-induced damage in livers. These results suggest that 
Phellinus spp. extract can be used as a healthy inducer of 
liver function for reducing hepatotoxicity. 

Here, therefore, I report the protective effect of Phellinus 
spp. extract against alcohol-induced liver disease. These 
liver-protective effects of Phellinus spp. extract suggest that 
this natural product could be applicable as a nutraceutical 
for the prevention and control of alcohol-induced damage. 
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