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The hepatoprotective effect of liposoluble portion of Pyropia yezoensis (PYLP) was investigated against alcohol-induced liver injury in mice. Fatty acids were predominant in PYLP obtained from hexane fraction of 70% EtOH extract
after ultrasonication. In particular, polyunsaturated fatty acids such as eicosapentaenoic acid and linoleic acid accounted for 56.91% of the total lipids. PYLP significantly reduced liver damage induced by the alcohol treatment in mice.
PYLP treatment increased the activity of antioxidant enzymes including superoxide dismutase, catalase, and glutathion
peroxidase by reducing thiobarbituric acid reactive substances. Histological observations showed that PYLP minimizes
damage to living tissue induced by alcohol treatment by modulating the expression level of proteins involved in the
anti-apoptotic signaling pathway. Our results suggest that PYLP, rich in polyunsaturated fatty acids extracted from the
red alga P. yezoensis, will be useful as a potential liver protectant in the hangover industry.
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INTRODUCTION
Liver disorders are caused by various agents such as
alcohol, environmental toxins and viruses, and they remain one of the major threats to public health (Suresh
and Asha 2008). Alcohol abuse has widespread negative

impacts on human health and social economy. Chronic
exposure to alcohol causes significant damages to the
liver and can result in microvascular steatosis, apoptosis,
necrosis, inflammation, hepatic fibrosis, and ultimately,
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cirrhosis (Lambert et al. 2003, Lu et al. 2015). Therefore,
there are ongoing researches on potential pharmacotherapeutic agents to cure alcoholic hepatitis. Previously
reported therapeutic agents for alcoholic hepatitis, such
as pentoxifylline, infliximab, and etanercept are associated with side effects including an increase in infections
and death (Santos Rocha et al. 2012). Undoubtedly, natural products could be alternatives to synthetic medicines
for the prevention of alcohol-induced disorders (Lin et al.
2014).
Marine algae are rich in functional ingredients such
as polysaccharides, polyphenols, phytosterols, and carotenoids (Lee et al. 2013, 2014, 2020, Kim et al. 2014,
2016, Shanura Fernando et al. 2017, Asanka Sanjeewa et
al. 2019, Ding et al. 2019, Dai et al. 2020). Pyropia species, belonged to Bangiaceae family which are the most
important perennial edible marine red algae, are cultivated and consumed in East and Southeast Asian countries such as Korea, Japan, and China. P. yezoensis is well
known for its nutritional value. It has been used as a
food source and a traditional medicine material for centuries in Asia (Kazłowska et al. 2013). Because it is rich
in biological components such as sterols, dietary fibers,
taurine, polyunsaturated fatty acids, carotenoids, and
mycosporine-like amino acids including porphyra-334.
It is also rich in minerals, vitamins, and proteins (Isaka
et al. 2015, Zang et al. 2020). Porphyran, a water soluble
portion, is a functional sulfated polysaccharide obtained
from P. yezoensis and has shown strong protective effects in mice against carbon tetrachloride (CCl4)-induced
hepatotoxicity, caused by inflammatory reactions, free
radicals, and lipid peroxidation (Guo et al. 2007). However, the hepatoprotective effect of a liposoluble portion
in P. yezoensis (PYLP) has not been reported. In this study,
therefore, the in vivo protective effect of PYLP against the
alcohol-damaged liver was studied.

Signaling Technology (Bedford, MA, USA). All other
chemicals and reagents were used as analytical grade.

Collect of Pyropia yezoensis
P. yezoensis was collected at near coast of Wondo on
November 2014 and inspected by comparing with specimen (No. 131) supported by Dr. Lee, Ki-Wan retired from
Jeju National University, then P. yezoensis was washed
three times by tap water to the derived foreign matters
which dried by freeze dryer (PVTFD 10A; Ilshin Bio Base
Co., Ltd., Dongducheon, Korea), kept at -4℃ until its
usage.

Preparation of polyunsaturated fatty acids-rich
PYLP
In order to prepare PYLP, firstly, a 70% ethanol extract
(85 g) was manufactured by three times extracting from
dried P. yezoensis (600 g) in ultrasonication. And the dried
extract powder was prepared through steps by a rotary
evaporator (N-1000; Tokyo Rikikai Co., Ltd., Tokyo, Japan)
and freeze dryer (SFDSM06; Samwon Freezing Exgineering Co., Busan, Korea), respectively. Finally, PYLP (12.56
g) was obtained from suspension fraction using n-hexane and distilled water (1 : 1, v/v), and then kept in refrigerator (at -20℃) after drying.

Analysis of biological components in PYLP
Fatty acids. PYLP was dissolved in n-hexane and 0.2
mL of 2 M methanolic-NaOH was added. Then, the mixture was shaken and kept at 50°C for 30 s, and then 0.2
mL of 2 M HCl in methanol was added and shaken to
neutralize. The mixture was separated by centrifugation
at 700 ×g for 5 min, the upper n-hexane layer was collected and concentrated. A 0.5 m thickness PEG-20 M liquid phase-coated 40 m × 1.2 mm diameter G-300 column
(Chemicals Evaluation and Research Institute, Saitama,
Japan) was used for analysis by connecting it to a Hitachi
263 gas chromatograph (Hitachi Co., Ltd., Ibaraki, Japan)
equipped with a flame ionization detector. The temperatures of the column, detector, and injection port were set
to 190, 240, and 250°C, respectively.
Total sterols. The conditions used for saponification
and extraction are modified from those proposed by
Sánchez-Machado et al. (2004). PYLP (1.00 ± 0.01 g) was
weighed out in an Erlenmeyer flask and saponified by refluxing with 27 mL of 1 M ethanolic KOH for 30 min with
a constant shaking under the temperature of 80°C. After

MATERIALS AND METHODS
Reagents
All solvents used for sample preparation were of analytical grade (Daejung Chemicals & Metals Co., Seoul, Korea). High-performance liquid chromatography (HPLC)
grade solvents were purchased from Burdick & Jackson
(Muskegan, MI, USA). Arylesterase / Paraoxonase assay
kit was purchased from ZeptoMetrix Corporation (Stamar, Dabrowa Gornicza, Poland). Antibodies against
p53, Bcl-xL, Bax, and β-actin were purchased from Cell
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cooling to ambient temperature, the mixture was transferred to a separation funnel to extract the non-saponifiable fraction with total 40 mL including 20 mL of DW +
the mixture and 20 mL of hexane (agitation washing for
3 min each time). The hexane containing the sterols was
evaporated to dryness in a rotavapor at 40°C. The quantification of total sterol was evaluated by Livermann-burchard test. The residue was dissolved in 3 mL of mobile
phase (30 : 70, methanol : acetonitrile, v/v), then filtered
through a 0.45 µm membrane. A 10 μL of this extract was
injected into the HPLC column (Waters Corporation,
Milford, MA, USA). The HPLC-UV system comprised a
liquid chromatograph equipped with a 515 HPLC pump,
and a photo diode array detector (2998 PDA detector),
controlled by Empower software (Waters Corporation).
Temperature was controlled at 50 ± 0.1°C with a column
heater (Waters Corporation). Separation was performed
in a SunFire C18 5 µm column (4.6 × 250 mm i.d.; Waters
Corporation), with 30 : 70 (methanol : acetonitrile, v/v) at
1.0 mL min-1 as a mobile phase. The eluted solution was
detected at 200 nm wavelength. Each sterol from PYLP
was identified by the report of Sánchez-Machado et al.
(2004).
β-Carotene. The analysis for quantification of β-caro
tene is modified from those proposed by Ahamad et al.
(2007). Standard of β-carotene (1 g enclosed in vial) was
purchased from Merck KGaA (Darmstadt, Germany).
Stock solution of β-carotene was prepared by taking 10
mg in 100 mL n-hexane. The concentration of stock solution was equal to 100 ppm. HPLC system and chromatographic condition was Perkin Elmer HPLC programme
containing LC-1000 pump (Isocratic), equipped with C18
column and LC 250 UV/VIS detector (PerkinElmer Inc.,
Waltham, MA, USA). HPLC was calibrated by running
mobile phase (acetonitrile : dichloromethane : methanol, 70 : 20 : 10) at the rate of 1 mL min-1. The wave length
was fixed at 452 nm. A 10 μL of β-carotene or PYLP was
injected into the HPLC column. The concentration of the
β-carotene in PYLP was calculated using the β-carotene
standard curve.

protocol for the animal study, and the animals were cared
for in accordance with the “Guidelines for Animal Experiments” set by the university.
Balb/c mice were randomly divided into four groups
as following: normal group (saline applied mice, each 100
μL, n = 6), alcohol only (alcohol 3 g kg-1 mice and saline
co-applied mice, each 100 μL, n = 10), PYLP + alcohol (alcohol 3 g kg-1 mice and PYLP 25 mg kg-1 mice co-applied
mice, each 100 μL, n = 10), and silymarin + alcohol (alcohol 3 g kg-1 mice and silymarin 50 mg kg-1 mice co-applied
mice, each 100 μL, n = 6). Alcohol, PYLP, and silymarin
were daily oral administrated to mice using oral-zoned
needle connected to a 1 mL syringe for 10 days. During
the experiment period, the body weight and the survival rate of mice were daily measured. On the 10th day,
the mice were dissected after the measurement of body
weight. Additionally, blood samples were collected into
heparin-coated tubes to determine biochemical parameters and liver tissues were stored at -70°C until analysis.

Detection of biochemical indicators in blood
The serum activities of glutamic oxaloacetic transaminase (GOT) and glutamic pyruvic transaminase (GPT)
were determined according to the Reitmen-Frankel
method (Reitman and Frankel 1957) using an enzyme
assay kit (Asan Pharmaceuticals, Hwasung, Korea). The
total cholesterol content in the serum was determined
using a commercial available kit (Asan Pharmaceuticals)
according to the method of Allain et al. (1974). Also, lipid
peroxidation concentrations in serum was determined
by measuring thiobarbituric acid reactive substances
(TBARS) based on the method of Ohkawa et al. (1979).
The TBARS concentration was expressed as nmol of
malondialdehyde (MDA) per mL serum.

Measurement of the activities of antioxidant
enzymes
The liver tissue was homogenized by adding five volumes of ice-cold homogenization buffer (250 mM sucrose, 50 mM Tris-HCl, pH 7.4, 1 mM EDTA). After the homogenized liver tissue was centrifuged at 1,000 ×g for 10
min and the supernatant was centrifuged again at 12,000
×g for 30 min. The final supernatant protein concentration was determined by the method of Bradford (1976)
using bovine serum albumin as the protein standard. The
activities of superoxide dismutase (SOD), catalase (CAT),
and glutathione peroxidase (GPx) were measured using a
commercially available kit (Biovision, Milpitas, CA, USA).

Animal and experimental design
Male BALB/c mice (6-week-old, 23–26 g body weight)
were purchased from Dae Han Bio Link Co., Ltd. (Eumseong, Korea). All these mice raised in the specific pathogen free clean room under conditions of 21 to 25°C and
a 12 h dark : light cycle, and had free access to laboratory chow and tap water. Jeju National University’s Institutional Animal Care and Use Committee approved the
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Statistical analysis

The SOD activity was estimated spectrophotometrically
at 450 nm while monitoring the inhibition of superoxide
anions by the xanthine / xanthine oxidase system and
the enzyme activity was expressed as U mg-1 protein. The
CAT activity was determined as the degradation rate of
H2O2, and the degradation rate was measured at 570 nm.
In the GPx activity assay, enzymatic reactions involving
NADPH, reduced glutathione (GSH) and glutathione reductase, was initiated with the addition of cumene hydroperoxide. The change of absorbance was monitored
at a wavelength of 340 nm and the activity was given as
mU mg-1 protein.

All data were expressed as means ± standard error
and ANOVA was used to compare the means of two mice
groups. Statistical significance at the 95% probability levels was set at p < 0.05.

RESULTS AND DISCUSSION
Alcoholic liver diseases remain a global health problem, but there are still no effective therapies. It is well
established that oxidative stress induced by ethanol
consumption plays a key role in the progression of liver
damage. Therefore, the use of natural antioxidants is an
effective approach to inhibit oxidative stress and alleviate
ethanol-induced hepatotoxicity (Chen et al. 2016). For
this reason, we investigated the water-insoluble extract
of P. yezoensis, which contains abundant polyunsaturated
fatty acids as a potential natural protector agent against
hepatic injury induced by ethanol in mice.
PYLP was analyzed for various chemical components
such as total fatty acids, β-carotene, and total sterols,
and they indicated 84.52, 10.01, and 2.30%, respectively
(Table 1) to confirm target component for anti-alcoholic
hepatic disease. As the result of fatty acid composition,
PYLP contained several major fatty acids such as 54.12%
eicosapentaenoic acid (EPA; C20:5), 21.07% palmitic acid
(C16:0), 6.43% tricosanoic acid (C23:0), and 4.99% linoleic acid (LA; C18:2) (Table 2). And the sterols were composed of 72.10% of desmosterol, 10.01% of cholesterol,
and 17.31% of mixture of stigmasterol and campesterol
(data not shown). Shin et al. (2013) and Parrish (2009)
have reported that EPA is the dominant fatty acid in P.
yezoensis, forming as much as 50% of the total fatty acid
content. In our results also showed that PYLP contains
high fatty acids content (84.52%) and especially, exhibited 56.2% of polyunsaturated fatty acids. Also, this study
showed high EPA content of 54.12%.
Polyunsaturated fatty acids such as EPA and LA play
a significant role in mitigating cardiovascular disease
(Lemaitre et al. 2003, Yokoyama et al. 2007, Lluís et al.
2013), moderating tissue inflammation (Uauy and Valenzuela 2000, Ruxton et al. 2004), and contributing to the
development of the nervous systems in humans (Burdge
1998). Especially, EPA possesses various biological effects including antioxidant, anticancer, anti-inflammatory, and vascular effects. Thus, EPA markedly alleviated valproate-induced hepatotoxicity, oxidative stress,
and inflammation, while enhancing the anticonvulsant

Western blot test
The liver tissue was homogenized in RIPA buffer (Sigma Chemical Co., St. Louis, MO, USA). After centrifugation at 12,000 ×g for 10 min, the protein concentration of
the lysates was measured by BCA protein assay kit (Merck
KGaA). The lysates containing 50 μg of protein were applied to 10–12% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, and transferred to a nitrocellulose
membrane. After blocking with a solution containing 5%
skim milk in TBS containing 0.1% Tween 20 (TBS-T) for 2
h to prevent non-specific binding of antibody, the membranes were incubated with primary antibodies against
Bax, p53, Bcl-xL, and β-actin in TBS-T for overnight at
4°C. The membranes were then washed with TBS-T and
incubated with secondary antibodies. Signals were developed using chemiluminescence Western blotting detection kit, and imaged on Davinch-Chemi imaging system (Core Bio, Seoul, Korea).

Hematoxylin and eosin staining
Liver tissues were fixed in 10% (v/v) phosphate buffer formalin and embedded in paraffin wax. The paraffin
sections (4–6 μm thick) were cut, and each section was
stained with hematoxylin and eosin, and histological
analysis was performed under light microscope (DP70;
Olympus Optical Co., Tokyo, Japan).

Table 1. Comparison of the components contents in PYLP
Components

Contents (%)

Total lipids

98.74 ± 3.50

Total fatty acids

84.52 ± 0.30

β-carotene

10.01 ± 0.51

Total sterols

2.30 ± 0.20

Values are expressed as mean ± standard error (n = 3).
PYLP, liposoluble portion of Pyropia yezoensis.
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effects of valproate without altering its clearance (ElMowafy et al. 2011). β-Carotene showed protective effect
against methotrexate and fenitrothion induced oxidative
liver damage through decrease of reactive oxygen species (ROS) (Hashim and Weshahy 2002, Vardi et al. 2010).
Especially Peng et al. (2013) demonstrated that low dose
of β-carotene provides protection against hepatic injury.
And phytosterols such as stigmasterol and campesterol
were reported on their decrease effect of liver inflammation (Plat et al. 2014). Therefore, we expected the hepatic
protective effect of liposoluble portion of P. yezoensis contained these bio-active components on alcohol-induced
liver damage. Especially, liposoluble portion named
polyunsaturated fatty acids-rich liposoluble portion due
to the highest amount of polyunsaturated fatty acids and
polyunsaturated fatty acids was considered as main bioactive component.

The weights and survival rates in mice were measured
to evaluate the protective effect of PYLP on alcoholdamaged mice and showed in Fig. 1. It was observed that
normal (= non-treatment group), alcohol only, PYLP + alcohol or silymarin + alcohol (positive control) treatments
did not affect to the weights of the mice. However, alcohol
critically decreased the survival rate at 3 days after treatment, whereas PYLP maintained a 100% survival rate until 8 days. At day 9, the PYLP + alcohol group showed a
decrease of 20% in survival rate; however, the treatment
with silymarin did not result in death of the mice at any
stage during the experiments.
Table 3 showed the results of alcohol only, PYLP + alcohol, and silymarin + alcohol treatments on the levels
of GOT (also known aspartate aminotransferase [AST]),
GPT (also known as alanine aminotransferase [ALT]), total cholesterol and MDA in serum of mice. GOT and GPT

Table 2. Comparison of fatty acids composition in PYLP
Compound name
C8:0
C14:0
C15:0
C16:0
C16:1
C18:0
C18:1(n-9),cis
C18:2(n-6),cis
C18:3(n-6)
C20:1
C18:3(n-3)
C20:2
C20:3(n-6)
C22:1(n-9)
C20:3(n-3)
C20:4(n-6)
C23:0
C22:2
C24:0
C20:5(n-3)
Total fatty acids

Composition (%)

Octanoic acid
Myristic acid
Pentadecanoic acid
Palmitic acid
Palmitoleic acid
Stearic acid
Oleic acid
Linoleic acid
Gamma-linolenic acid
Cis-11-eicosenoic acid
Linolenic acid
Cis-11,14-eicosadienoic acid
Cis-8,11,14-eicosatrienoic acid
Erucic acid
Cis-11,14,17-eicosatrienoic acid
Cis-5,8,11,14-eicosatetraenoic acid
Tricosanoic acid
Cis-13,16-docosadienoic acid
Lignoceric acid
Cis-5,8,11,14,17-eicosapentaenoic acid

0.01
1.26
1.44
21.07
1.63
0.48
1.10
4.99
0.61
0.33
0.34
0.40
2.75
0.32
0.03
0.67
6.43
1.70
0.35
54.12
100

Fatty acids
(g 100 g-1 crude lipid)

Fatty acids
(g 100 g-1 PYLP)

0.01
1.07
1.21
17.81
1.38
0.40
0.93
4.22
0.51
0.28
0.28
0.34
2.32
0.27
0.03
0.56
5.43
1.43
0.30
45.74
84.52

0.01
1.06
1.19
17.59
1.36
0.39
0.92
4.17
0.50
0.28
0.28
0.34
2.29
0.27
0.03
0.55
5.36
1.41
0.30
45.16
83.46

PYLP, liposoluble portion of Pyropia yezoensis.

Table 3. Comparison of GOT, GPT, total cholesterol, and malondialdehyde in serum of mice
GOT
(karmen mL-1)
Normal
Alcohol only
PYLP + alcohol
Silymarin + alcohol

132.83 ± 4.06c
193.50 ± 10.34a
158.75 ± 6.63b
150.00 ± 15.20bc

GPT
(karmen mL-1)

Total cholesterol
(mg dL-1)

Malondialdehyde
(nmol mL-1)

31.00 ± 1.17c
50.75 ± 2.53a
39.13 ± 1.45b
37.13 ± 1.68b

56.07 ± 1.49b
76.15 ± 5.15a
59.02 ± 1.59b
56.84 ± 3.00b

10.47 ± 0.68c
23.06 ± 1.15a
16.60 ± 1.34b
15.61 ± 0.84b

Values are expressed as mean ± standard error (n = 3). Means with different superscripts within a column indicate significant difference (p < 0.05).
GOT, glutamic oxaloacetic transaminase; GPT, glutamic pyruvic transaminase; PYLP, liposoluble portion of Pyropia yezoensis.
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acidic polysaccharide), one of the main components of
the water-soluble extract of P. yezoensis, showed hepatoprotective effect against CCl4-treated mice. In the study,
ALT and AST levels in the liver homogenate of porphyran
+ CCl4 induced mice were decreased by 11.80 and 21.70%,
respectively at a dose of 6.25 mg kg-1. The MDA level in
porphyran + CCl4-induced mice decreased by 25.8%.
In recent, Choi et al. (2016) reported that glycoproteins
from P. yezoensis (PYGP) protect chronic ethanol-induced
hepatotoxicity in rats. As the study, PYGP showed the significant hepatoprotective effect by decreasing both GOT
and GTP, and increasing the activations of GSH, GSH-px,
and catalase in 300 mg kg-1 of rat. From the results, PYLP
might be considered to be a useful hepatoprotective
agent.
Chronic ethanol exposure impairs endogenous nonenzymatic (e.g., GSH) and enzymatic (e.g., superoxide
dismutase [SOD] and GPx) antioxidant systems that
protect hepatocytes against oxidative damage (Cao et al.
2015). Thus, a large amounts of ROS generated by ethanol stimulate the peroxidation of low-density lipoprotein
cholesterol which causes a significant increase in MDA
formation. Therefore, MDA is often used as an indicator
of oxidative status (Harris et al. 2015, Macan et al. 2015).
As shown in Fig. 2A–C, there were significant reductions
in the activations of the enzymes in livers of the mice administered with alcohol, whereas PYLP significantly increased them (p < 0.01). And the alcohol treatment also
significantly increased the level of TBARS, whereas PYLP
inhibited the cholesterol peroxidation in alcohol treated
mice (Fig. 2D). Silymarin and PYLP exhibited a similar
protective effect against alcohol-induced oxidative stress.
Generally, alcohol has an adverse effect on liver tissues
(Matsumoto et al. 2016); therefore, a histopathological
change in liver tissue is key in evaluating the protective
effect of PYLP against alcohol-induced liver injury. As
shown in Fig. 3, livers of the normal mice showed a normal architecture of the hepatic cells, bile lobes, and periportal regions. The hepatic tissues from the alcohol only
groups showed hepatocyte degeneration manifested by
vacuolization and hemorrhagic lesions. However, the
liver tissues from the silymarin and alcohol co-administered groups were less damaged with hepatic degeneration. In addition, the PYLP-treated group also showed
intact liver histology with no damaged hepatocytes and
portal vasculature, unlike the alcohol only group.
Oxidative stress induced by ethanol or other stimuli
generates apoptosis via expression of p53 and Bcl-2 family proteins (Liu et al. 2008, Behera et al. 2014, Chen et
al. 2016). PYLP decreased the expression of the pro-

A

B

Fig. 1. Protective effect of liposoluble portion of Pyropia yezoen-

sis (PYLP) on alcohol-induced toxicity in mice. (A) Body weight. (B)
Survival rate. BALB/c mice were randomly divided into four groups
as following: normal group (saline applied mice, each 100 μL, n = 6),
alcohol only (alcohol 3 g kg-1 mice and saline co-applied mice, each
100 μL, n = 10), PYLP + alcohol (alcohol 3 g kg-1 mice and PYLP 25 mg
kg-1 mice co-applied mice, each 100 μL, n = 10), and silymarin + alcohol (alcohol 3 g kg-1 mice and silymarin 50 mg kg-1 mice co-applied
mice, each 100 μL, n = 6). Alcohol, PYLP, and silymarin were daily oral
administrated to mice using oral-zoned needle connected to a 1 mL
syringe for 10 days. During the experiment period, the body weight
and the survival rate of mice were daily measured.

are found in the liver, blood, heart, muscle, pancreas, and
kidneys as major indicators of organ damage and liver
disease (Ren et al. 2009, Lin et al. 2010). In this study, the
alcohol-treated mice showed higher levels of GOT and
GPT in the serum than those of the control group, whereas the treatments with PYLP as well as silymarin significantly decreased those levels. Total cholesterol in serum
is a possible indicator for the protective effect of PYLP
against alcoholic liver injury (Zhang et al. 2014). From the
results, it was observed that total cholesterol in the serum was significantly decreased in PYLP + alcohol group,
compared with the alcohol only treated group (p < 0.01).
In the previous report by Guo et al. (2007), porphyran (an
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A

B

C

D

Fig. 2. Protective effect of liposoluble portion of Pyropia yezoensis (PYLP) on alcohol-induced oxidative stress in liver. (A) Superoxide dismutase

(SOD) activity. (B) Catalase (CAT) activity. (C) Glutathione peroxidase (GPx) activity. (D) Thiobarbituric acid reactive substances (TBARS) (malondialdehyde [MDA]). Each experiment was performed in four groups as follows: normal (= non-treatment), alcohol only, PYLP + alcohol, and silymarin
+ alcohol (positive control) treatments. Data are expressed as mean ± standard error (n = 3). Different letters indicate significant differences (p <
0.05) according to Duncan test.

A

B

C

D

Fig. 3. Histologic results of tissues in alcohol-induced mice. The liver tissue sections were stained with hematoxylin and eosin (H&E staining,

×100). (A) Normal group (non-treatment). (B) Alcoholic group (EtOH). (C) Alcoholic plus liposoluble portion of Pyropia yezoensis group. (D) Alcoholic plus silymarin group. Scale bars represent: A–D, 10 μm.
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A

B

Fig. 4. Liposoluble portion of Pyropia yezoensis (PYLP) reduced apoptosis generated in liver by alcohol-induced oxidative stress. Densitometry

analysis (A) and relative intensity (B) of p53, Bcl-xL, and Bax compared to β-actin. Each experiment was performed in four groups as follows: normal (= non-treatment), alcohol only, PYLP + alcohol, and silymarin + alcohol (positive control) treatments. Values are expressed as mean ± standard deviation. Statistical analysis was carried out with the Tukey’s test (***p < 0.005).

apoptotic proteins, p53 and Bax, whereas increased the
expression of anti-apoptotic protein, Bcl-xL. The results
shown in Fig. 4 indicate that ethanol increased the expression of the pro-apoptotic protein, p53, and Bax proteins, while PYLP decreased the expression of p53 and
Bax, and increased the expression of anti-apoptotic protein and Bcl-xL. However, PYLP showed a relatively lower
anti-apoptotic effect than silymarin. The expression of
anti-apoptotic protein, Bcl-xL was slightly elevated in the
PYLP-treated mice than in the alcohol only group. Collectively, PYLP inhibited apoptosis of hepatocytes via activation of p53 and Bax in the mice administered alcohol.

ing ROS generation, increasing activities of antioxidant
enzyme, reducing MDA formation and anti-apoptosis
pathway. These effects are due to the abundant functional components of PYLP such as the polyunsaturated fatty
acids. Finally, this study suggests that PYLP is more beneficial to human health for protecting alcohol-damaged
liver injury.
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CONCLUSION
Alcohol occurs liver injury by various mechanisms,
such as oxidative stress and apoptosis signaling pathway.
Our results indicate that PYLP reduces alcohol-induced
liver injury in vivo by reducing total cholesterol, inhibit-
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