
INTRODUCTION

Ecklonia stolonifera Okamura (ES) is a perennial brown 
marine alga that belongs to the family Laminariaceae. ES 
is usually found in subtidal zones at depths of 2-10 m and 
is widely distributed throughout the eastern and southern 
coasts of Republic of Korea (Park et al., 1994). ES is often 
used as a foodstuff. In addition, ES has been shown to have 
both medicinal and pharmaceutical benefits such as strong 
antioxidative (Kuda et al., 2007), antibacterial (Kuda et al., 
2007), antiinflammatory (Kim et al., 2011), hepatoprotective 
(Kim et al., 2005), angiotensin I-converting enzyme-inhibitory 
(Jung et al., 2006), anticholinesterase (Yoon et al., 2008a), 
antiallergic (Shim et al., 2009), antihyperlipidemic (Yoon et al., 
2008b), antidiabetic (Moon et al., 2011), anti-skin-aging (Joe 
et al., 2006), antimutagenic (Lee et al., 1996), and tyrosinase-

inhibitory (Kang et al., 2004) activities. 
The role of ES in the protection against hepatotoxicity has 

been previously evaluated (Kim et al., 2005). It has been 
demonstrated that ES has a hepatoprotective effect against 
tacrine-induced cytotoxicity in HepG2 cells. The hepatoprotec-
tive property of ES results from its downregulation of fatty acid 
synthase (FAS) and cytochrome c, which results in an antioxi-
dant effect (Lee et al., 2012).

Alcoholic liver disease (ALD) is a major health problem 
worldwide (Laramée et al., 2013; Shield et al., 2013). Chronic 
alcohol consumption causes changes in the metabolism of 
lipoproteins and is therefore a powerful inducer of hyperlipid-
emia in both animals and humans. Most heavy drinkers devel-
op fatty livers; however, only a minority of these patients expe-
rience progression to more severe forms of liver damage, such 
as alcoholic hepatitis and cirrhosis (Teli et al., 1995). Recent 
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Chronic alcohol consumption causes alcoholic liver disease, which is associated with the initiation of dysregulated lipid metabo-
lism. Recent evidences suggest that dysregulated cholesterol metabolism plays an important role in the pathogenesis of alcoholic 
fatty liver disease. Ecklonia stolonifera (ES), a perennial brown marine alga that belongs to the family Laminariaceae, is rich in 
phlorotannins. Many studies have indicated that ES has extensive pharmacological effects, such as antioxidative, hepatoprotec-
tive, and antiinflammatory effects. However, only a few studies have investigated the protective effect of ES in alcoholic fatty liver. 
Male Sprague-Dawley rats were randomly divided into normal diet (ND) (fed a normal diet for 10 weeks) and ethanol diet (ED) 
groups. Rats in the ED group were fed a Lieber-DeCarli liquid diet (containing 5% ethanol) for 10 weeks and administered ES 
extract (50, 100, or 200 mg/kg/day), silymarin (100 mg/kg/day), or no treatment for 4 weeks. Each treatment group comprised 
of eight rats. The supplementation with ES resulted in decreased serum levels of triglycerides (TGs), total cholesterol, alanine 
aminotransferase, and aspartate aminotransferase. In addition, there were decreases in hepatic lipid and malondialdehyde levels. 
Changes in liver histology, as analyzed by Oil Red O staining, showed that the ES treatment suppressed adipogenesis. In addi-
tion, the ES treatment increased the expression of fatty acid oxidation-related genes (e.g., PPAR-α and CPT-1) but decreased the 
expression of SREBP 1, which is a TG synthesis-related gene. These results suggest that ES extract may be useful in preventing 
fatty acid oxidation and reducing lipogenesis in ethanol-induced fatty liver.
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studies have been focusing on reducing oxidation of fatty ac-
ids and enhancing de novo lipogenesis. Two important nuclear 
transcription factors, peroxisome proliferator-activated recep-
tor α (PPAR-α) and sterol regulatory element-binding protein 
1 (SREBP-1), which regulate lipid metabolism, have been 
shown to be involved in ethanol-induced steatosis (Zeng and 
Xie, 2009). PPAR-α coordinates a number of metabolic path-
ways that dispose of excess fatty acids (Gearing et al., 1994). 
The enzymes involved in fatty acid oxidation and the entry 
of fatty acyl-CoA into mitochondria are affected by ethanol. 
PPAR-α inhibits the expression of carnitine acyltransferase 1 
(CPT-1), which results in a reduction in fatty acid oxidation 
(Munday and Hemingway, 1999; Lee et al., 2004). SREBPs, 
which belong to the basic helix-loop-helix-leucine zipper fam-
ily, are key transcription factors involved in the biosynthesis 
of cholesterol and fatty acids. SREBP-1 plays an important 
role in regulating the transcription of genes involved in hepatic 
triglyceride (TG) synthesis, whereas SREBP-2 is involved in 
the regulation of genes involved in cholesterol metabolism 
(Horton et al., 1998). 

In vivo studies have shown that chronic ethanol-induced 
fatty liver is accompanied by a substantial increase in mature 
SREBP-1 protein levels and the activation of SREBP-1 target 
hepatic lipogenic genes such as FAS, ATP citrate lyase (ACL), 
acetyl-CoA carboxylase (ACC), and malic enzyme (ME) (You 
et al., 2002; Ji and Kaplowitz, 2003; You et al., 2004; You and 
Crabb, 2004).

In the present study, we determined whether dietary 
supplementation with an ethanolic extract of ES attenuates 
the development of Lieber-DeCarli diet-induced fatty liver in 
rats. Experimental models of ALD are commonly generated 
by feeding animals the Lieber-DeCarli liquid diet, which is a 
diet that is rich in unsaturated fatty acids (DeCarli and Lieber, 
1967). We also aimed to elucidate the molecular mechanism 
underlying the antilipogenic effect of the ES extract.

MATERIALS AND METHODS

Plant materials and reagents 
ES was collected from along the coast of Busan (Republic 

of Korea) in August 2012 and a voucher specimen was depos-
ited at the J. S. Choi laboratory (Lee et al., 2012). After wash-
ing with seawater and tap water, the samples were air-dried. 
The dried sample was ground with a hammer mill and stored 
at -20°C until use.

Preparation of ethanolic extract of ES 
The dried ES powder (3 kg) was refluxed with 70% etha-

nol (27 L) for 9 h. Afterwards, the extract was filtered through 
a 0.2-mm filter. The filtrate was evaporated to dryness under 
reduced pressure and then freeze-dried at -47°C. The powder 
was stored at -80°C until use. 

Quantitation of phlorotannins in the ethanolic extract of 
ES by high-performance liquid chromatography (HPLC) 

Standard solutions of eckol were prepared at concentra-
tions of 5-100 mg/mL. A 4-mg sample of the ES extract was 
dissolved in 1 mL of 20% methanol (in water %v/v). All the 
standard and sample solutions were filtered through a 0.45-
mm syringe filter (Millipore, Bedford, MA, USA) before injection 
onto the HPLC. The HPLC equipment consisted of an autos-
ampler (model series 225; PerkinElmer, Waltham, MA, USA) 
and a dual absorbance UV detector (model 200EP, Perki-
nElmer). The Chromera software (PerkinElmer) was used 
for the analysis. A Capcell Pak C18 column (250×4.6 mm, 5 
mm; Shiseido Co., Ltd., Tokyo, Japan) was used for chromato-
graphic separation. 

The samples were analyzed according to a previously re-
ported HPLC method (Goo et al., 2010) but with some slight 
modifications. The detection wavelength was set at 254 nm. 
The mobile phase was comprised of water acidified with 

Table 1. Composition of the purified liquid diets

Ingredients
Level (mg/mL)

ND ED Sil ESL ESM ESH

Casein 41.4 41.4 41.4 41.4 41.4 41.4
DL-Methionine 0.30 0.30 0.30 0.30 0.30 0.30
L-Cystine 0.50 0.50 0.50 0.50 0.50 0.50
Dextrin-Maltosea 115 25.6 25.6 25.6 25.6 25.6
Corn Oil 8.50 8.50 8.50 8.50 8.50 8.50
Olive Oil 28.4 28.4 28.4 28.4 28.4 28.4
Safflower Oil 2.70 2.70 2.70 2.70 2.70 2.70
Mineral Mixb 8.75 8.75 8.75 8.75 8.75 8.75
Vitamin Mixc 2.50 2.50 2.50 2.50 2.50 2.50
Choline Bitartrate 0.53 0.53 0.53 0.53 0.53 0.53
Carboxymethyl Cellulose Sodium Salt 10.0 10.0 10.0 10.0 10.0 10.0
Sodium Sarragenate 2.00 2.00 2.00 2.00 2.00 2.00
Ethanol - 50.0 50.0 50.0 50.0 50.0

ND, normal diet; ED, ethanol diet; Sil, ED plus 100 mg/kg silymarin (positive control group); ESL/ ESM/ESH, ED plus 50, 100 and 200 mg/
kg Ecklonia stolonifera ethanol extract various doses group.
aDextrin:Maltose=80:20, bMineral Mix (in g/kg of mix): CaHPO4, 500; NaCl, 74; K2H6O7H2O, 220; K2SO4, 52; MgO, 24; MnCO3, 3.57; 
Fe(C6H5O7)·6H2O, 6; ZnCO3, 1.6; CuCO3, 0.3; KIO3, 0.01; Na2SeO3·5H2O, 0.01; CrK(SO4)2, 0.55; sucrose (finely powdered), 118. cVitamin 
Mix (in g/kg of mix): thiamine·HCl, 0.6; riboflavin, 0.6; nicotinamide, 25; pyridoxine·HCl, 0.7; nicotinic acid, 3; d-calcium pantothenate, 1.6; 
folic acid, 0.2; d-biotin, 0.02; cyanocobalamin (vitamin B12), 0.001; retinyl palmitate (250,000 IU/g), 1.6; dl-a-tocopherol acetate (250 IU/g), 
20; cholecalciferol (vitamin D3), 0.25; menaquinone (vitamin K2), 0.05; sucrose (finely powdered), 972.9.
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formic acid (0.1%) (solvent A) and acetonitrile acidified with 
formic acid (0.1%) (solvent B). The mobile phase was run in 
gradient mode as follows: 0-7 min, 15% of solvent B; 7-9 min 
18% of solvent B; 9-35 min, 20% of solvent B; 35-45 min, 25% 
of solvent B; 45-60 min, 26% of solvent B; 60-74 min, 28% of 
solvent B; and 74-79 min, 28% of solvent B. The mobile phase 
flow rate was set at 0.8 mL/min and the injection volume was 
10 mL. 

Animals and experimental diets 
All the protocols used in the experiments were approved by 

the Institutional Animal Care and Use Committees (IACUCs) 
(approval no. KHP-2010-12-2). 

Five-week-old male Sprague-Dawley rats were purchased 
from Central Lab. Animal Inc. (Seoul, Republic of Korea). The 
animals were individually housed in stainless steel cages at 
temperature of 22-28°C and under a 12/12 h light/dark cycle. 
Rats in the ethanol diet (ED) group (n=40) were administered 
a liquid diet containing ethanol, which provided 36% of energy 
(Table 1) (Lieber and DeCarli, 1989). Ethanol was introduced 
into the diet by gradually mixing it with distilled water from 0% 
(w/v) to 5% (w/v) over a 1-week period for adaptation, and 
then at a concentration of 5% (w/v) for the next 6 weeks. The 
normal diet (ND) rats (n=8) received an isocaloric liquid diet 
containing dextrin-maltose instead of ethanol. After 6 weeks, 
the ED-fed rats were randomly divided into ED-only, positive 
(silymarin, 100 mg/kg; ED+S), and ES (50, 100, or 200 mg/
kg; ED+ES) groups (n=8 per group). The rats were then ad-
ministered daily oral doses of the respective treatments for 4 
weeks. Body weight was measured once a week during the 
feeding period. 

Collection of blood samples and hepatic tissues 
At the end of the experiments, the mice were anesthetized 

with CO2 gas after depriving them of food for 12 h. Blood sam-
ples were drawn from the tail vein and serum was obtained by 
centrifuging the blood at 3,000 rpm for 15 min at 4°C. In ad-
dition, the liver was immediately removed after collecting the 
blood, rinsed with phosphate-buffered saline, and weighed. 
The liver and serum samples were stored at -80°C until use.

Biochemical analysis 
Serum and liver concentrations of TG, total cholesterol  

(TC), and high-density lipoprotein cholesterol (HDL-C) were  
determined using the appropriate enzyme kits (ASAN 
PHARM., CO., LTD., Hwaseong, Republic of Korea). Free 
fatty acid (FFA) was determined by an enzymatic colorimetric 
method (AA kit; Wako Chemicals, Richmond, VA, USA). He-
patic lipids were extracted by the Folch method (Folch et al., 
1957), using a chloroform-methanol mixture (2:1, v/v). 

Serum alanine aminotransferase (ALT) and aspartate ami-
notransferase (AST) levels were measured using commercial 

reagents (ASAN PHARM., CO., LTD.).

Liver histology 
Liver samples were fixed in 10% buffered formalin, sequen-

tially dehydrated with increasing concentrations of ethanol, 
cleared in xylene, and embedded in paraffin. The samples 
were then sectioned into 8-mm pieces, stained with Oil Red 
O, viewed with an optical microscope (BX51; Olympus, To-
kyo, Japan), and then photographed at a final magnification 
of ×400.

Determination of malondialdehyde (MDA) levels in the 
hepatic tissues 

The degree of lipid peroxidation in the liver tissues was as-
sessed by measuring MDA levels using the thiobarbituric acid 
test (Buege and Aust, 1978). 

Quantitative real-time polymerase chain reaction (PCR) 
Total RNA was isolated using TRIzol reagent (Invitrogen, 

Carlsbad, CA, USA) according to the manufacturer’s instruc-
tions. The isolated RNA was dissolved in diethylpyrocarbon-
ate-H2O in a final volume 50 mL. The concentration of the total 
RNA was estimated by measuring absorbance at 260 nm/280 
nm. cDNA was synthesized from 5 mg of RNA using M-MLV 
reverse transcriptase, oligo(dT) (Promega Co., Madison, WI, 
USA), and 25 mM deoxynucleotide triphosphate (Takara Co., 
Ltd., Shiga, Japan). After cDNA synthesis, quantitative real-
time PCR was performed in 2 mL of SYBR premix EX Taq (Ta-
kara Co., Ltd.) using a StepOnePlusTM Real-Time PCR Sys-
tem with a thermal cycling block (Applied Biosystems, Foster 
City, CA, USA). Reaction mixtures were incubated for initial 
denaturation at 95°C for 10 min, followed by 35 cycles of 95°C 
for 5 s, 60°C for 60 s, and 72°C for 20 s. A comparative cycle 
of threshold method was employed, using β-actin as an in-
ternal control. The primer sequences are shown in Table 2. 
Values are expressed as fold change over control.

Statistical analysis 
Results are expressed as mean ± standard deviation. 

Statistically significant differences between groups were de-
termined by one-way analysis of variance. SPSS software 
(version 21.0; SPSS Inc., Chicago, IL, USA) was used for the 
analysis. Multiple comparisons were performed using Tukey’s 
test. Data were considered statistically significant at p<0.05 
or p<0.01.

RESULTS

Calibration curves for quantifying phlorotannins in ES 
extract 

Calibration curves were constructed from methanolic stock 

Table 2. The sequence of primers which used for quantitative real-time PCR

Name Reverse Forward

PPAR-alpha CCACAAGCGTCTTCTCAGCCATG CCCTCTCTCCAGCTTCCAGCCC
CPT-1 AGGTGATGGACTTGTCAAACC GGAGACAGACACCATCCAACATA
SREBP-1c TGCAGCCTTCATTCTGACAC AGACTCCAGCCTCACTGGAA
β-actin AGCTCAGTAACAGTCCGCCTAGA TGTCCACCTTCCAGCAGATGT

Biomol  Ther 24(6), 650-658 (2016) 
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Fig. 1. HPLC chromatogram of eckol, dieckol, phlorofucofuroeckol A, and the ethanolic extract of Ecklonia stolonifera. HPLC, high-perfor-
mance liquid chromatography.
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solutions of eckol, dieckol, and phlorofucofuroeckol A, each 
diluted to an appropriate concentration (Fig. 1). The coefficient 
of determination (r2) was 0.999. The linearity in this range was 
sufficient to ensure accurate assays of eckol, dieckol, and 
phlorofucofuroeckol A in the samples. The precision of the 
HPLC method for assaying each standard was determined 
from triplicate measurements. The relative standard deviation 
(RSD) was <5.0% (Table 3).

Amounts of phlorotannins in the ethanolic extract of ES 
A representative HPLC chromatogram of the ES extract is  

shown in Fig. 1. Eckol, dieckol, and phlorofucofuroeckol A 
were successfully analyzed as their peaks were distinct from  
other peaks in the chromatograms. Using the calibration cur-
ves, the amounts of eckol, dieckol, and phlorofucofuroeckol 
in the extract were determined (Table 3). The eckol, dieckol, 
and phlorofucofuroeckol A contents in the extract were ob-
tained as 12.0-13.0 g/g, 145-149 g/g, and 11.3-13.5 g/g, re-
spectively.

Body weight gain and fatty liver index 
The ED group showed a higher and significant reduction 

(33%) in body weight than the ND group did. However, body 
weights were higher in the ED+S and ED+ES groups than 
in the ED group (Table 4). The ethanol diet increased liver 
weight and liver-to-body weight ratio regardless of the dietary 
fat sources. The fatty liver index in the ED group increased by 
4% and was higher than that in the ND group. The silymarin 
and ES treatments improved the ethanol-induced increase in 
fatty liver index. In particular, the fatty liver index in the rats 
that were treated with the highest amount of ES (200 mg/kg) 
was lower than that in the ND group. 

Levels of serum and hepatic lipids 
As shown in Table 4, serum TG and TC levels were sig-

nificantly (p<0.01) increased and higher in the ED group than 
in the ND group. However, serum TG and TC levels signifi-
cantly (p<0.01) decreased in the silymarin and ES treatment 
groups in a dose-dependent manner, compared with ED 
group. Additionally, serum FFA levels were decreased by the 
ES treatment; however, the differences were not statistically 
significant. Interestingly, FFA levels in the ES-treated (100 and 
200 mg/kg/day) groups were similar to those in the ND- and 
silymarin-treated groups. The HDL-C-to-TC ratio tended to be 
higher in the ES- and silymarin-treated groups than in the ED 
group (p<0.01). 

Fig. 2 shows that hepatic TC (Fig. 2A) and TG (Fig. 2B) 
concentrations were 136.4% and 90.7%, respectively, higher 
(p<0.01) in the ED rats than in the ND rats. During the ex-
perimental periods, hepatic TC and TG levels decreased in 
the ES-treated groups in a dose-dependent manner and were 
lower than the respective levels in the ED group. Hepatic TC 
and TG levels in the group administered 100 mg/kg/day of ES 
were similar to the respective levels in the ED+S group but 
were significantly decreased in the group administered 200 
mg/kg/day of ES (p<0.05). 

Serum concentrations of AST and ALT
Serum AST (Fig. 3A) and ALT (Fig. 3B) levels increased in 

the ED, ED+S, and ED+ES groups. The ED group exhibited 
significantly (p<0.001) higher serum AST and ALT levels than 
the ND group did. Elevated serum AST and ALT levels in the 
ED group were significantly decreased by all the administered 
concentrations of ES (p<0.001). 

Histopathological changes in the livers of ED-fed rats
As shown in Fig. 4, hepatic lipid accumulation was as-

sessed by Oil Red O staining of neutral lipids. The ethanol 
diet induced a remarkable accumulation of lipid droplets in the 
liver; however, this was inhibited by ES and silymarin. Espe-

Table 3. The regression data, recision and quantification of standard from the ethanolic extract of Ecklonia stolonifera

Compound Regression equation R2 Linear range  
(mg/ml)

RSD (%)  
(n=3)

Contents of phlorotannin  
in ethanolic extract (mg/g)

Eckol y=9606x+572.4 0.9999 5-100 0.2-5.0 12.59 ± 0.52
Dieckol y=16436x-29993 0.9999 25-500 0.1-2.8 147.44 ± 2.27
Phlorofuco-furoeckol-A y=38609x-33773 0.9999 5-100 0.3-1.7 12.48 ± 1.06

Table 4. Body weight gain and plasma biochemistries of rats fed experimental diets

ND ED Sil ESL ESM ESH

Body Weight Gain (g/6 weeks) 106.20 ± 57.95 71.00 ± 26.20 85.80 ± 43.30* 71.00 ± 46.66 77.30 ± 21.40 78.50 ± 33.93
Liver Index (g/100 g body weight) 2.38 ± 0.21 2.47 ± 0.18 2.39 ± 0.08 2.41 ± 0.17 2.39 ± 0.07 2.35 ± 0.09
Serum
  Free fatty acid (mEq/ml) 81.00 ± 7.00 11.80 ± 8.00 86.00 ± 8.00 10.30 ± 7.00 83.00 ± 17.00 76.00 ± 10.00
  Triglyceride (g/ml) 8.43 ± 0.42 19.61 ± 2.25** 12.05 ± 1.48# 15.77 ± 1.37# 12.13 ± 1.67# 11.19 ± 1.05#

  Total cholesterol (g/ml) 10.79 ± 1.82 18.92 ± 1.72** 13.64 ± 1.28# 16.98 ± 2.81# 13.89 ± 1.84# 12.56 ± 2.90#

  HTR(%)‡ 71.64 ± 11.36 30.78 ± 2.21** 53.54 ± 5.78# 34.89 ± 4.50# 50.39 ± 7.24# 59.80 ± 12.8#

Data are presented as mean ± standard error mean(SEM) values (n=8). *p<0.05 and **p<0.01 indicates significant differences from ND 
group; #p<0.01 indicates significant differences from ED group. ND, normal diet; ED, ethanol diet; Sil, ED plus 100 mg/kg silymarin (positive 
control group); ESL/ESM/ESH, ED plus 50, 100 and 200 mg/kg Ecklonia stolonifera ethanol extract various doses group. ‡HDL cholesterol 
to total cholesterol ratio (HTR) = [HDL cholesterol (in mg/dl)=total cholesterol (in mg/dl)]×100.

Biomol  Ther 24(6), 650-658 (2016) 
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cially, ES at concentrations of 100 and 200 mg/kg was more 
effective in inhibiting the lipid accumulation than did silymarin. 

Effect of ES on ethanol-induced formation of hepatic MDA 
Fig. 5 shows that hepatic MDA levels increased (2.2-fold) 

after the rats were administered the ethanol diet. The ES treat-
ment protected against chronic ethanol-induced liver damage 
via inhibition of hepatic MDA production. The 50, 100, and 200 
mg/kg doses of the ES extract inhibited hepatic MDA produc-
tion by 37.2, 47.5, and 45.9%, respectively. 

Effect of ES on the expression levels of PPAR-α, CPT-1, and 
SREBP-1c in ethanol-induced hepatotoxicity

The mRNA expression levels of PPAR-α and CPT-1 in the 
hepatic tissues were significantly decreased by the ethanol 
diet (Fig. 6). However, the expression levels of the genes were 
increased by the ES treatment in a dose-dependent manner. 
SREBP-1c levels were significantly (p<0.01) higher in the 
ED group than in the ND group, but significantly (p<0.05 or 
p<0.01) lower in the ED+ES groups than in the ED group. 

DISCUSSION

In previous studies (Kim et al., 2005, 2009), several an-
tioxidative phlorotannins, including dioxinodehydroeckol and 
phlorofucofuroeckol, isolated from ES have shown hepatopro-
tective effects against tacrine-induced cytotoxicity in HepG2 
cells. Phlorotannins are a group of marine algal polyphenols 
found only in brown algae. They are polymers of phloroglu-
cinol (1,3,5-trihydroxybenzene) (Ragan and Glombitza, 1986). 
Phlorotannins have been shown to possess diverse biologi-
cal activities, including antioxidant (Zou et al., 2008) and an-
timelanogenetic (Yoon et al., 2009) effects. Triphlorethol-A 
and eckol, which are isolated from Ecklonia cava, have been 
reported to protect cells against oxidative damage by reduc-
ing reactive oxygen species (ROS) production or by enhanc-
ing cellular antioxidant activity (Kang et al., 2005). Recently, 
a study demonstrated the antioxidant and antiinflammatory 
properties of phlorotannins (Kim et al., 2011).

In the current study, we investigated the hepatoprotective 
effect of the ethanolic extract of ES against fatty liver induced 
by chronic alcohol feeding to rats. 

With regard to alcoholic fatty liver disease, a change in 
NADH/NAD+ redox potential in the liver due to excessive or 
chronic alcohol consumption results in a decrease in mito-
chondria β-oxidation of fatty acids. This further results in a 
reduction in lipid expenditure (Wu et al., 2011). In the pres-
ent study, consumption of the Lieber-DeCarli liquid diet for 6 
weeks stunted the normal growth of the rats. This was evi-
denced by minimal body weight gain and increased fatty liver 
index in the ED group. Serum and hepatic lipid levels (Table 
4, Fig. 2), AST and ALT activities (Fig. 3), liver histology, and 
results of the Oil Red O staining (Fig. 3) indicated that ethanol 
diet-induced alcoholic fatty liver was ameliorated by ES and 
silymarin treatments. Chronic alcohol consumption increases 
mobilization of fatty acids from adipose tissues (Feigelson et 
al., 1961) or fatty acid synthesis in the liver. The presence 
of fatty acids in the liver facilitates the formation of TGs and 
phospholipids (Abrams and Cooper, 1976; Cairns and Peters, 
1983). Moreover, alcohol feeding increases cholesterol syn-
thesis (Lefevre et al., 1972), decreases fatty acid oxidation 
in the liver, and attenuates lipid secretion into serum or bile 
(Blomstrand and Kager, 1973). 

The metabolism of ethanol by CYP2E1, a member of the 
P450 family with generalized tissue expression and high 
catalytic activity toward ethanol, generates a large amount of 
ROS (Lieber, 1997). This process plays a central role in how 
ethanol causes oxidative stress in the liver (Lieber, 1997; Ced-
erbaum, 2010). The expression level of CYP2E1 in the liver 
is high because nearly 80% of ingested ethanol is metabo-
lized in the liver. As a result, the liver is highly vulnerable to 
ethanol-induced oxidative damage (Lieber, 1997; Bailey and 
Cunningham, 2002). Chronic ethanol consumption causes 
liver damage, which is evidenced by an increase in hepatic 
MDA levels (Chiu et al., 2011). In a previous study, increase 
in lipid peroxidation was ‘restored’ in ethanol-fed CYP2E1 KI 
mice (2.8-fold increase in MDA) (Cederbaum, 2010). In the 
present study, the increase in lipid peroxidation in the rat livers 
suggested that the Lieber-DeCarli liquid diet increased ROS 
production, which then resulted in oxidative damage (Fig. 4, 
5). Alcohol consumption causes downregulation of PPAR-α 
and CPT-1 genes and upregulation of SREBP-1c gene in the 
rat liver (Horton et al., 2002; You et al., 2004). As shown in Fig. 
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Fig. 5. Effect of the ethanolic extract of Ecklonia stolonifera on 
MDA levels in the livers of alcohol-fed rats. Data are presented 
as mean ± standard error mean (SEM) (n=8). * indicates p<0.01, 
comparing with the ND group. # indicates p<0.01, comparing with 
the ED group. ND, normal diet; ED, ethanol diet; Sil, ED+100 mg/
kg silymarin (positive control group); ESL, ESM, and ESH indicate 
ED+50, 100, or 200 mg/kg, respectively, of the ethanolic extract of 
Ecklonia stolonifera; MDA, malondialdehyde.
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peroxisome proliferator-activated receptor α; CPT-1, carnitine acyl 
transferase 1; SREBP-1c, sterol regulatory element-binding protein 1.
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6, PPAR-α and CPT-1 were downregulated in the ED group 
but upregulated in the ED+ES and ED+S groups. Further-
more, treatment of the rats with the highest dose of ES (200 
mg/kg) normalized alcohol-induced changes in hepatic gene 
expression, which is implicated in fatty acid synthesis, such as 
SREBP-1c (Fig. 6). 

In conclusion, the ethanolic extract of ES has a protective 
effect against alcohol-induced fatty liver in rats. The mecha-
nisms underlying the hepatoprotective effect of the ES extract 
may be related to inhibition of SREBP-1c expression, in-
creased expression of fatty acid oxidation-related genes (e.g., 
PPAR-α and CPT-1), and alleviation of lipid peroxidation (e.g., 
via reduced hepatic MDA levels) through scavenging of free 
radicals.
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