
INTRODUCTION

The liver, the largest and the essential organ, is responsible 
for digestive and excretory function, nutrition storage, and the 
synthesis of the new substances. The liver is also in charge of 
the detoxification of the exogenous xenobiotics, drugs, harmful 
chemical substances, and alcohol (Lee et al., 2007; Mihailović 
et al., 2013). The liver-related diseases are one of the most 
fatal diseases worldwide, and dietary habit changes (Guo and 
Choung, 2017) and increased drug use (Wang et al., 2009) 
result in the increased incidence rate of the liver diseases. The 
hepatic disease is divided into two types, the alcoholic and 
non-alcoholic. The alcoholic liver injury is characterized by the 
increased inflammatory cytokines due to the chronic alcohol 
intake, oxidative stress, lipid peroxidation, and acetaldehyde 
toxic and alcoholic liver induces the fibrosis of hepatocytes 

(Nanji et al., 1999). The non-alcoholic liver injury is caused by 
the obesity, diabetes, and drugs. The non-alcoholic liver injury 
induces fatty liver and damages the liver function (Kleiner et 
al., 2005). Recently, there has been increased number of re-
searches on the drug-induced liver disease, and the interest in 
the metabolic enzyme and metabolic process within the liver 
has also increased. The animal liver injury model using CCl4 
is an established non-alcoholic fatty liver model, which has 
been used from the past (PARK et al., 2000; Achliya et al., 
2004). This model is used as a valuable model in identifying 
the hepatotoxic protective effect of natural products.

The oxidative stress is the principal mechanism in the pro-
cess of causing liver damage (Parola and Robino, 2001). The 
ROS generated from the alcoholic or non-alcoholic diseases 
attacks cell membranes, lipids, other metabolome and DNA 
(Roskams et al., 2003). Then, such damages cause inflam-
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mation and apoptosis, and reduce the intercellular antioxidant 
ability (Kim and Choung, 2017). The consistent damages re-
duce the liver function and lower the cell regeneration abil-
ity, inducing gradual fibrosis of the liver (Weber et al., 2003). 
Several studies have reported the results showing the use of 
antioxidant substances in reducing the liver injury (Bruck et 
al., 2004; Reyes-Gordillo et al., 2007). Thus, the use of natu-
ral substances of antioxidant activities can be the one of the 
strategies for treatment of the liver diseases.

Ecklonia stolonifera (ES) is laminariaceous perennial brown 
algae and widely distributed throughout the places such as 
South Korea and Japan. ES is known for its antioxidant and 
anti-mutagenic activity. ES contains plentiful phlorotannins, 
which have anti-oxidative and anti-diabetic effects (Kang et 
al., 2004; Iwai, 2008). The previous in vitro study has figured 
out that ES has the most outstanding hepatotoxic protective 
effect among the various brown algae (Choi et al., 2015). Af-
ter that, the liver protection effect was confirmed on the al-
cohol-induced rat model using the ES formulation (Bang et 
al., 2016). However, studies on non-alcoholic liver injury were 
insufficient. The purpose of this study, therefore, is to identify 
the protective effect of the ES formulation in regards to non-
alcoholic liver injury and elucidate the related mechanism.

MATERIALS AND METHODS

Preparation of ethanolic formulation of ES
The ES formulation was obtained through our previous 

study and stored at -80°C until use (Choi et al., 2015; Bang 
et al., 2016). The amount phlorotannins of ES formulation was 
determined by HPLC as described previously (Bang et al., 
2016). 

Animals and treatment
 All the animal experimental protocols were approved by 

the Institutional Animal Care and Use Committee guideline of 
Kyung Hee University (approval no. KHPASP(SE)-17-102). 
Five-week-old male Sprague-Dawley rats were purchased 
from CLS Bio (Bucheon, Republic of Korea). The rats were 
individually housed in standard cages at 21 ± 2.0°C in 50 ± 
5% humidity with 12 h/12 h light/dark cycle. The rats were pro-
vided a laboratory diet and water ad libitum. After 1 week on 
the basal diet, the rats were randomly divided into six groups 
comprising nine rats (n=9) in each group as follows:

Normal control: rats were given 10 ml/kg saline per day
CCl4: ‌�rats were given 1.5 ml/kg CCl4 twice a week+10 ml/

kg saline per day
Sil 100: ‌�rats were given 1.5 ml/kg CCl4 twice a week+100 

mg/kg (b.w.) of silymarin per day
ES 50: ‌�rats were given 1.5 ml/kg CCl4 twice a week+50 mg/

kg (b.w.) of ES formulation per day
ES 100: ‌�rats were given 1.5 ml/kg CCl4 twice a week+100 

mg/kg (b.w.) of ES formulation per day
ES 200: ‌�rats were given 1.5 ml/kg CCl4 twice a week+200 

mg/kg (b.w.) of ES formulation per day
Intraperitoneal administration with 1.5 ml/kg CCl4 (1:1 mixed 

with peanut oil) was performed to induce liver injury (Dai et 
al., 2014). All rats except those in the normal group were pre-
treated 100 mg/kg silymarin or ES (50, 100, 200 mg/kg) every 
day for 21 days. Seven days after pretreatment, four times of 
1.5 ml/kg CCl4 (twice a week for 14 days) were injected (i.p.) 

to induced liver injury.

Measurement of liver index
Before dissecting the rats, we measured the rats’ weights. 

The rats were anesthetized with isoflurane gas. We collected 
the blood samples from hepatic vein, and obtained livers to 
calculate liver-to-body weight ratio. The liver was washed with 
0.9% phosphate-buffered saline (PBS, 1X; 135 mM NaCl, 2.7 
mM KCl, 4.3 mM Na2HPO4, 1.4 mM KH2PO4, pH 7.4), and 
weighed.

Preparation of blood samples and tissue homogenates
Blood samples were centrifuged at 3,000 rpm for 15 min 

at 4°C. Hepatic tissues were homogenized in PBS buffer and 
centrifuged at 13,000 rpm for 15 min at 4°C. After obtaining 
the supernatant from the blood samples and homogenates, 
we performed subsequent analyses in blood samples and he-
patic tissue homogenates.

Hepatotoxic injury assay
Alanine aminotransferase (ALT) and Aspartate amino-

transferase (AST) were indicators of hepatotoxic injury. We 
measured ALT and AST in serum using commercial assay kit 
(Asan Pharmaceutical Co., Seoul, Korea). ALT and AST were 
measured at 505 nm using an ELISA reader (Bio-Tek Instru-
ments, Inc., Winooski, VT, USA).

Total cholesterol and triglyceride estimation
We measured triglyceride (TG) and total cholesterol (TC) in 

serum and liver tissues. Folch method was used to formula-
tion the TG and TC (Folch et al., 1957). TG and TC were de-
termined using commercial assay kits (Asan Pharmaceutical 
Co.). TG and TC were measured at 550 nm using an ELISA 
reader.

Anti-oxidative enzyme activities and glutathione in liver 
tissues

To determine anti-oxidative enzyme levels and enzymatic 
activities, glutathione (GSH), glutathione peroxidase (GPx), 
superoxide dismutase (SOD) and catalase (CAT) were mea-
sured using commercial assay kits according to the manufac-
turer’s protocol. GSH and GPX assay kit were purchased from 
Elabscience Biotechnology (Bethesda, MD, USA). SOD assay 
kit was purchased from Cayman Chemicals (Ann Arbor, MI, 
USA). CAT assay kit was purchased from Biovision (Mountain 
View, CA, USA). 

Measurement of MDA and 8-OHdG levels in liver tissues
Malondialdehyde (MDA) were measured using commercial 

assay kits according to the manufacturer’s protocol. MDA as-
say kit was purchased from Elabscience Biotechnology. 

8-OHdG is a biomarker of oxidative DNA damage from 
oxidative stress. To measure the 8-OHdG levels, we formula-
tioned DNA from liver tissues using a DNeasy tissue kit. The 
8-OHdG levels were measured using a commercial assay kit 
(R&D Systems, Minneapolis, MN, USA). The samples and 
anti 8-OHdG monoclonal solutions were added to each cell 
and incubated at 25°C for 1 hour. After incubation, the 96-well 
microplate was washed with 1X PBS containing 0.1% Tween 
20 (PBST) and HRP-conjugate was added to each well. After 
incubation for 1 hour, we added substrate solution to each well 
and read the absorbance at 450 nm. 
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Quantitative real-time polymerase chain reaction  
(RT-qPCR)

Samples from the hepatic tissue were homogenized and 
total RNA formulationed using TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufacturer’s instruc-
tion. cDNA was synthesized from RNA using a first-strand 
cDNA synthesis kit (TaKaRa ,Tokyo, Japan). Then cDNA was 
synthesized, quantitative real-time PCR (RT-qPCR) was per-
formed with SYBR premix Ex Taq (TakaRa) using an ABI Step 
One PlusTM RT-q PCR machine (Applied Biosystems, Foster 
city, CA, USA). Reaction of the mixtures were incubated for 
initial denaturation at 95°C for 10 min, followed by 50 cycles at 
95°C for 5 s, and primer Tm temperature for 20 s and 72°C for 
30 s. gene expression level was normalized to glyceraldehyde 
3-phosphated dehydrogenase (GAPDH).

Statistical analyses
All of the data were expressed as mean ± standard devia-

tion (SD). Statistical analyses were determined by a one-way 
ANOVA using Tukey’s post hoc test in Statistical Packages for 
the Social Science (SPSS) software (version 21.0; SPSS Inc., 
Chicago, IL, USA).

RESULTS

Body weight and body weight gain in rats
Initial weight and final weight of the rats for 14 days was 

measured in the six groups. Variance analysis showed that 
body weight was reduced in the CCl4 treated group compared 
to the normal group (p<0.001). In the final body weight, high 
dose of ES formulation group showed higher body weight 
compared to CCl4 group (p<0.01) (Table 1). This was also 
explained as body weight gain. CCl4 group showed signifi-
cant low weigh gain compared to the normal group (p<0.01), 
however, the high dose of ES treatment inhibited reduction of 
weight gain induced by CCl4 (p<0.05).

Effect of ES formulation on the rat liver index
The liver index was used to assess liver damage, and was 

significantly increased in the CCl4 group compared with that 
of the normal control group (p<0.01; Table 1). Low dose of ES 
formulation did not show any statistical change in the liver in-
dex. However, elevation of the liver index was inhibited in both 
ES 100 and ES 200 group (p<0.05). 

Effect of ES formulation on serum hepatic aminotransfer-
ases

First, we confirmed the hepatoprotective effect of ES formu-

lation on CCl4 induced liver injury. We estimated aminotrans-
ferases concentration in the serum. As presented in Fig. 1, 
administration of CCl4 leaded a significant increase in AST and 
ALT levels compared to the normal control group (p<0.001). 
ES formulation treatment dose-dependently attenuated both 
aminotransferases levels. Both levels were significantly de-
creased in ESH group (p<0.01). 

Effect of ES formulation on serum and hepatic tissue lipid 
profiles

The lipid profiles in all groups are shown in Fig. 2. The CCl4 
treated rats showed no significant change in serum TG level, 
while serum HDL cholesterol level was decreased significantly 
compared to the normal control group (p<0.001). However, ES 
formulation and silymarin treatment did not show any signifi-
cant change in serum total cholesterol level. In all ES treated 
groups, serum TC level showed decreasing tendency in a 
dose dependent manner. But, the differences were not statisti-
cally significant. In the case of HDL-Cholesterol to total cho-
lesterol ratio, CCl4 administration exhibited a significant de-
crease compared to normal control group (p<0.05). However, 
the decrease was compromised by high dose of ES formula-
tion treatment (p<0.05). 

Hepatic TG and TC concentrations were increased in the 
CCl4 group compared to normal control group (p<0.001 and 
p<0.01, respectively). Elevated hepatic TG level was signifi-
cantly lowered from 100 mg/kg of ES formulation treatment. 
Increased hepatic TC level was inhibited in the ES formula-
tion treated groups in a dose-dependent manner compared 
to CCl4 group. In hepatic TG and TC levels, both ES 100 and 
Sil 100 groups showed similar effects compared to CCl4 group 

Table 1. Body weight, body weight gain and liver index in rats

Control CCl4 Sil 100 ES 50 ES 100 ES 200

Initial body weight (g) 247.6 ± 10.6 247.8 ± 10.9 247.6 ± 10.5 247.8 ± 10.7 247.7 ± 10.6 247.8 ± 10.6
Final body weight (g) 348.3 ± 10.9 297.2 ± 10.8## 310.3 ± 12.4* 304.6 ± 14.4 307.4 ± 14.2 318.9 ± 11.6*
Body weight gain (g/21 days) 100.7 ± 7.6 49.4 ± 7.8# 62.7 ± 7.6 56.8 ± 8.4 59.6 ± 9.6 71.1 ± 8.1*
Liver weight (g/100 g of body weight) 12.6 ± 1.3 12.4 ± 1.5 11.8 ± 0.8 12.9 ± 2.1 12.8 ± 1.5 12.4 ± 1.1
Liver index (%) 3.6 ± 0.1 4.4 ± 0.2### 3.9 ± 0.1** 4.3 ± 0.4 4.1 ± 0.2* 4.1 ± 0.2*

The results are presented as the mean ± SD of three independent experiments (n=8). #p<0.05, ##p<0.01 and ###p<0.001. vs. normal control 
group, *p<0.05 and **p<0.01 vs. CCl4 group. 
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Fig. 1. Effect of ES formulation on serum hepatic aminotransferas-
es. To evaluate the effects of ES formulation on hepatic functions, 
we measured the (A) serum AST and (B) ALT levels. The results 
are presented as the mean ± SD of three independent experi-
ments (n=8). ###p<0.001 vs. the normal control, *p<0.05, **p<0.01, 
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(p<0.05).

Effect of ES formulation on anti-oxidative enzymes and 
GSH in liver

To elucidate the protective mechanisms of hepatoprotec-
tion against CCl4-induced liver injury, we measured the hepat-
ic anti-oxidative enzymes activity and cellular antioxidant GSH 
(Fig. 3). The CCl4 treated rats showed a significant decrease 
in SOD, CAT, GPx and GSH levels compared to the normal 
control group. Administration of ES formulation and silymarin 
inhibited the reduction of SOD, CAT, GPx and GSH activities. 
This results suggests that ES formulation boosts antioxidant 
conditions. 

Effect of ES formulation on hepatic MDA and 8-OHdG in 
liver

In addition, we estimated oxidant substances (MDA and 
8-OHdG) to identify DNA and lipid oxidation. As presented in 
Fig. 4, administration of CCl4 caused a significant increase 
of MDA in the hepatic tissue compared to the normal control 
group (p<0.01). The ES formulation (100 and 200 mg/kg/day) 
and silymarin treatment reduced the elevated MDA levels in 
the hepatic tissue (p<0.01).

8-OHdG were measured to determine whether ES could 
inhibit oxidative stress-mediated DNA damage, administra-
tion of CCl4 caused a substantial increase in 8-OHdG level 
compared to the normal control group (p<0.001). The elevated 
8-OHdG level was significantly inhibited in the ES 200 and Sil 
100 groups compared to the CCl4 group (p<0.05).

Effect of ES formulation on the gene expression levels of 
CYP2E1 in liver

To verify the underlying mechanisms of ES formulation, we 
performed comparative real time qPCR to explain whether ES 
formulation regulates CYP2E1 gene in the hepatic tissue. Fig. 
5 exhibited that CCl4 treatment up-regulated the mRNA ex-
pression levels of CYP2E1 compared to the normal control 
group. However, administration of ES formulation (200 mg/kg/
day) and silymarin significantly lowered the increased gene 
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expression of CYP2E1 (p<0.05). 

DISCUSSION

The previous studies proved the effectiveness of ES for-
mulation in both alcoholic and non-alcoholic hepatotoxic-
ity (Jung et al., 2014; Choi et al., 2015). The ES formulation 
showed inhibitory effect on fatty liver in the alcohol-induced 
rats (Bang et al., 2016). In addition, ES formulation exhibited 
hepatoprotective effect in tacrine-induced hepG2 cells (Choi 
et al., 2015). To identify the effect of ES formulation on non-
alcoholic hepatotoxicity in animal models, we conducted this 
experiment using CCl4 induced rat model. In the liver, CCl4 
is metabolized by CYP450 in microsome and generates the 
Cl3CO2 radical. Then, CCl4 attacks the cell membrane directly 
to induce fatty degeneration. The CCl4 also generates ROS 
consistently and reduces antioxidant enzymes, leading to lipid 
peroxidation (Recknagel et al., 1989; Jaeschke, 2000; Zhu 
and Fung, 2000; Weber et al., 2003). In recent studies, CCl4-
induced animal model showed a significant increase of AST 
and ALT levels in serum within a short period of time, and the 
model also showed coagulation necrosis and hepatocyte vac-
uolation in the hepatic lobules (Yang et al., 2008; Chen et al., 
2013; Kemelo et al., 2017; Suzek et al., 2017). The purpose of 
this study is to identify the protective activity of ES formulation 
and to determine the underlying mechanism using the CCl4-
induced animal models.

In this study, the levels of AST and ALT in serum, where 
CCl4 was administrated, were significantly increased. The 
CCl4 administration also reduced GSH and antioxidant-related 
enzymes (SOD, CAT and GPx), and increased oxidative sub-
stances (MDA and 8-OHdG). The administration of ES formu-
lation significantly prevented elevation of AST and ALT levels 
in a dose dependent manner. Furthermore, the ES formulation 
dose dependently inhibited the reduction of antioxidant-relat-
ed enzymes caused by CCl4. The ES formulation also dose 
dependently inhibited the generation of oxidative substances. 
In previous studies on alcoholic fatty liver, ES formulation 
showed dramatic hepatoprotective effect in rats (Bang et al., 
2016). From this result, we have confirmed that ES formula-
tion has protective effects on alcoholic and non-alcoholic liver 
injury.

The main consideration of non-alcoholic liver injury, espe-
cially drug-induced liver injury, is cytochrome p450. Certain 
drugs are mainly metabolized by cytochrome p450 in the liver 
to become active metabolome (biotransformation) and ROS is 
generated during the process. CYP2E1 is an enzyme involved 
in the metabolism of CCl4, ethanol, number of anesthetics, 
and theophylline (Manyike et al., 2000). CYP2E1 is one of the 
enzymes mainly found in studies using CCl4 induced animal 
model. Excessive substrate administration increases ROS 
production and leads to hepatotoxicity (Ha et al., 2005). In 
this study, gene expression of CYP2E1 in the CCI4-induced 
liver significantly increased compared to the normal group. 
However, ES formulation administration dose dependently 
inhibited the increase in gene expression of CYP2E1. In previ-
ous studies using CCl4 induced model, CYP2E1 protein levels 
were increased after treatment of CCl4 in rat. Administration 
of Chrysanthemum indicum L. extract and proanthocyanidins 
inhibited elevation of protein expression level of CYP2E1 
(Jeong et al., 2013; Dai et al., 2014). ES formulation showed 
similar hepatoprotective mechanism to both natural products. 
The result revealed that ES formulation regulates the enzyme 
changes of CYP2E1 and protects non-alcoholic liver injury.

To conclude, ES formulation showed hepatoprotective ef-
fect in two ways. 1) Inhibition of oxidative stress caused by 
CCl4. 2) Inhibition of increase of CYP2E1 caused by CCl4. 
On the basis of two pathways, ES formulation significantly 
restored antioxidant related enzyme levels and inhibited the 
generation of oxidants (MDA and 8-OHdG). In addition, ES 
formulation inhibited the increase of CYP2E1 caused by CCl4 
and restrained further oxidative stress. Therefore, ES formu-
lation demonstrated effective liver protection effects on non-
alcoholic liver injury, and thus holds the possibility of becoming 
the new treatment material for liver injury occurred in human.
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