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In the present study, alcohol, lipopolysaccharide (LPS), and carbon tet-
rachloride (CCL4) were administered to experimental mice. Alanine ami-
notransferase (ALT) and aspartate aminotransferase (AST) levels, tumor 
necrosis factor (TNF)-α, interleukin (IL)-1β, and IL-6 concentrations, and 
collagen type 1alpha (COL-1A) and fibronectin expressions were mea-
sured to evaluate pathophysiology of liver injury. Levels of ALT and AST 
were significantly increased by alcohol treatment. Alcohol with LPS 
treatment increased ALT and AST levels more than alcohol alone treat-
ment, but it was not statistically significant. Alcohol with CCL4 treatment 
significantly increased ALT and AST levels more than alcohol alone 
treatment. Alcohol with LPS and CCL4 treatment significantly increased 
ALT and AST levels more than alcohol with CCL4 treatment. Concentra-
tions of TNF-α, IL-1β, and IL-6 were significantly enhanced by alcohol 
treatment. Alcohol with LPS treatment significantly enhanced concen-
trations of TNF-α, IL-1β, and IL-6 more than alcohol alone treatment. Al-

cohol with CCL4 treatment significantly enhanced TNF-α, IL-1β, and IL-6 
concentrations more than alcohol alone treatment. Alcohol with LPS 
and CCL4 treatment increased TNF-α, IL-1β, and IL-6 concentrations 
more than alcohol with CCL4 treatment, but it was not statistically signif-
icant. COL-1A and fibronectin expressions were significantly increased 
by alcohol treatment. Alcohol with LPS treatment significantly in-
creased COL-1A and fibronectin expressions more than alcohol alone 
treatment. Alcohol with CCL4 treatment significantly increased COL-1A 
and fibronectin expressions more than alcohol alone treatment. Alcohol 
with LPS and CCL4 treatment increased COL-1A and fibronectin expres-
sions more than alcohol with CCL4 treatment, but it was not statistically 
significant.

Keywords: Liver injury, Alcohol, Lipopolysaccharide, CCL4

INTRODUCTION

The liver is an important organ, responsible for many physio-
logical functions, including metabolism. But, alcohol, drugs, 
chemicals, and infections induce liver toxicity and eventually 
cause liver injury (Tsai et al., 2017; Zhang et al., 2017). Acute 
liver injury causes several clinical problems, such as blood clotting 
disorders, hepatic encephalopathy, and high mortality (Bernal et 
al., 2010; Lee et al., 2012). Alcoholic liver disease is difficult to 
cure, and the biggest problem is that when cirrhosis progresses, 
there is no treatment method except organ transplantation. In al-
coholic cirrhosis, the mortality rate is 5 to 30 times higher than 
that of the general population (Fleming et al., 2012; Jepsen et al., 

2010), and the 5-year survival rate is 23%–50%, which is higher 
than that of nonalcoholic cirrhosis (Diehl, 2002).

Lipopolysaccharide (LPS) is found in the outer membrane of 
Gram-negative bacteria, and the term endotoxin is mostly used 
synonymously with LPS (Rietschel et al., 1994). Intratracheal ad-
ministration of LPS is used to induce acute lung injury animal 
model (Xie et al., 2012). Intratracheal instillation of LPS, expres-
sions of proinflammatory cytokines in bronchoalveolar lavage fluid, 
serum, and lung tissue were rapidly increased (Ko et al., 2020a).

Carbon tetrachloride is a compound composed of carbon and 
chlorine, and the molecular formula is CCL4. It exists in a liquid 
state at room temperature, has a large molecular weight, and has 
no flammability but is highly toxic. Carbon tetrachloride acts as a 
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central nervous system depressant, so exposure to high concentra-
tion causes loss of consciousness. Prolonged contact with CCL4 can 
damage the liver, adversely affect the reproductive system and act 
as a mutagen to cause cancer. Liver damage leads to conditions such 
as hepatitis, cirrhosis, alcoholic liver disease, and liver cancer (Al-
Sayed et al., 2014).

In this experiment, alcohol, LPS, and CCL4 were administered 
to experimental mice. The levels of alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST), the concentrations of tumor 
necrosis factor (TNF)-α, interleukin (IL)-1β, and IL-6, and the ex-
pressions of collagen type 1alpha (COL-1A) and fibronectin were 
measured to evaluate pathophysiology of liver injury.

MATERIALS AND METHODS

Animals and treatments
Forty 8-week-old ICR male mice were subjected to deliberation 

and evaluation by the Animal Ethics Review Committee, and af-
ter certification (KHSASP-20-495), the experiment was carried 
out. Experimental groups were classified into control group, alco-
hol-treated group, alcohol and LPS-treated group, alcohol and 
CCL4-treated group, and alcohol and LPS with CCL4-treated group 
(n=10 in each group). Treatment methods of alcohol and drugs 
are shown in Table 1.

Blood sampling and determination of ALT and AST levels
For blood collection of experimental animals, 1 ml of blood was 

collected from the jugular vein using a disposable syringe, and plas-
ma was separated by centrifugation at a speed of 3,000 rpm for  
15 min. The levels of ALT and AST were measured using an auto-
matic blood biochemistry analyzer (Olympus, Tokyo, Japan) in 
the same manner as previous described method (Ko et al., 2020b).

Concentrations of proinflammatory cytokines
The concentrations of proinflammatory cytokines such as TNF-α, 

IL-1β, and IL-6 were detected by enzyme-linked immunoassay 
using enzyme immunoassay kit (Abcam, Cambridge, UK) in the 
same manner as previous described method (Ko et al., 2018; Timó-
teo et al., 2019).

Western blot analysis
Western blotting was conducted to determine the expressions of 

collagen type I and fibronectin at the protein levels in liver tissue 
in the same manner as previous described method (Ji et al., 2020; 
Kim et al., 2020). The liver tissues were homogenized on ice using 
a homogenizer, and the supernatants were collected by centrifuga-
tion after dissolving the tissues in lysis buffer. The collected super-
natants were quantified using the Bradford assay kit (Bio-Rad, 
Hercules, CA, USA). After electrophoresis of 40-μg protein on 

Table 1. Methods of inducing liver disease using alcohol and drugs

Group Alcohol Drugs 

Control - -
Alcohol-treated - 0.5 mL of 50% ethanol

- Twice a day for 4 wk
- Orally administration

-
Alcohol and 

LPS-treated
- LPS 1 mL/kg
- 3 times/wk/4 wk
- Intraperitoneal injection

Alcohol and 
CCL4-treated

- CCL4 0.6 mL/kg
- 3 times/wk/4 wk
- Intraperitoneal injection

Alcohol and LPS 
with CCL4-treated

- LPS 1 mL/kg and CCL4 0.6 mL/kg
- 3 times/wk/4 wk
- Intraperitoneal injection

LPS, lipopolysaccharide; CCL4, carbon tetrachloride.

Fig. 1. The levels of alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST). Upper panel: ALT level. Lower panel: AST level. A, control group; 
B, alcohol-treated group, C, alcohol and lipopolysaccharide (LPS)-treated group; 
D, alcohol and CCL4-treated group; E, alcohol and LPS with CCL4-treated group. 
*P< 0.05 compared to control group. #P< 0.05 compared to the alcohol and 
LPS-treated group. §P< 0.05 compared to the alcohol and CCL4-treated group. 
CCL4, carbon tetrachloride.
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12% sodium dodecyl sulfate-polyacrylamide gel, the proteins were 
transferred to a nitrocellulose membrane and reacted at room tem-
perature for 1 hr using 4% skin milk. Each primary antibody was 
incubated at 4°C overnight and washed 3 times with tris-buffered 
saline and 0.05% tween 20 at 10-min intervals. Each secondary 
antibody was reacted at room temperature for 1 hr, then washed  
3 times with 0.05% tween 20 at 15-min intervals again. Finally, 
it was developed by chemiluminescence and then quantified.

RESULTS

Effect of alcohol and drugs administration on AST and ALT 
levels

It was confirmed that ALT and AST levels were enhanced by 
alcohol and drugs administration. The levels of ALT and AST were 
enhanced in the order of alcohol-treated group=alcohol and LPS- 
treated group<alcohol and CCL4-treated group<alcohol and LPS 
with CCL4-treated group (Fig. 1).

Effect of alcohol and drugs administration on 
concentrations of proinflammatory cytokines

It was confirmed that proinflammatory cytokines concentrations 
were increased by alcohol and drugs administration. The concen-
trations of TNF-α, IL-1β, and IL-6 were increased in the order of 
alcohol-treated group<alcohol and LPS-treated group<alcohol and 
CCL4-treated group=alcohol and LPS with CCL4-treated group 
(Fig. 2).

Effect of alcohol and drugs administration on expressions 
of fibrous factors

It was confirmed that expressions of fibrous factors in the liver 
were increased by alcohol and drugs administration. The expres-
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Fig. 2. The concentrations of tumor necrosis factor (TNF)-α, interleukin (IL)-1β, and IL-6. Left panel: TNF-α concentration. Middle panel: IL-1β concentration. Right 
panel: IL-6 concentration. A, control group; B, alcohol-treated group, C, alcohol and lipopolysaccharide (LPS)-treated group; D, alcohol and CCL4-treated group; E, alco-
hol and LPS with CCL4-treated group. *P< 0.05 compared to control group. #P< 0.05 compared to the alcohol-treated group. §P< 0.05 compared to the alcohol and 
LPS-treated group. CCL4, carbon tetrachloride.

Fig. 3. The expression of collagen type 1alpha (COL-1A) and fibronectin. Upper 
panel: representative expression of COL-1A and fibronectin. Middle panel: rel-
ative expression of COL-1A. Lower panel: relative expression of fibronectin. A, 
control group; B, alcohol-treated group, C, alcohol and lipopolysaccharide 
(LPS)-treated group; D, alcohol and CCL4-treated group; E, alcohol and LPS with 
CCL4-treated group. *P< 0.05 compared to control group. #P< 0.05 compared to 
the alcohol-treated group. §P< 0.05 compared to the alcohol and LPS-treated. 
CCL4, carbon tetrachloride.
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sions of COL-1A and fibronectin were increased in the order of al-
cohol-treated group<alcohol and LPS-treated group<alcohol and 
CCL4-treated group=alcohol and LPS with CCL4-treated group 
(Fig. 3).

DISCUSSION

In the current results, levels of ALT and AST were significantly 
increased by alcohol treatment. Alcohol with LPS treatment in-
creased ALT and AST levels more than alcohol alone treatment, 
but it was not statistically significant. Alcohol with CCL4 treat-
ment significantly increased ALT and AST levels more than alco-
hol alone treatment. Alcohol with LPS and CCL4 treatment sig-
nificantly increased ALT and AST levels more than alcohol with 
CCL4 treatment.

After acute alcohol exposure, concentrations of serum ALT and 
AST, glutamine transferase, and nitric oxide as well as hepatic 
malondialdehyde activity were increased (Xie et al., 2021). When 
CCL4 was injected intraperitoneally in rats to induce acute liver 
injury, ALT and AST concentrations were increased (Lee et al., 
2020). CCL4 injection into mice enhanced serum levels of ALT 
and AST (Ko et al., 2020b).

In the current results, concentrations of TNF-α, IL-1β, and 
IL-6 were significantly enhanced by alcohol treatment. Alcohol 
with LPS treatment significantly enhanced concentrations of 
TNF-α, IL-1β, and IL-6 more than alcohol alone treatment. Alco-
hol with CCL4 treatment significantly enhanced TNF-α, IL-1β, 
and IL-6 concentrations more than alcohol alone treatment. Alco-
hol with LPS and CCL4 treatment increased TNF-α, IL-1β, and 
IL-6 concentrations more than alcohol with CCL4 treatment, but 
it was not statistically significant.

When LPS was injected into the cerebral ventricle with a ste-
reotaxic instrument, TNF-α and IL-6 concentrations in the hip-
pocampus were increased, showing brain inflammation (Ko and 
Ko, 2020). When human lung epithelial A549 cells were treated 
with LPS and transforming growth factor to create acute respira-
tory distress syndrome, concentrations of TNF-α and IL-6 were 
increased (Hwang et al., 2020). Injection of CCL4 intraperitoneally 
to mice, expressions of TNF-α, IL-1β, and IL-6 in the liver were 
increased, representing acute liver injury (Lee et al., 2020). Enhance-
ment of TNF-α and IL-6 concentrations was observed in Achilles 
tendon injury (Rho et al., 2020). CCL4 was injected intraperitone-
ally to evaluate fibrotic and inflammatory signaling pathways for 
liver injury in rats (Morsy et al., 2021). As the results, the concen-
trations of AST, ALT, TNF-α, and IL-6 were increased (Morsy et 

al., 2021).
In the current results, COL-1A and fibronectin expressions were 

significantly increased by alcohol treatment. Alcohol with LPS 
treatment significantly increased COL-1A and fibronectin expres-
sions more than alcohol alone treatment. Alcohol with CCL4 treat-
ment significantly increased COL-1A and fibronectin expressions 
more than alcohol alone treatment. Alcohol with LPS and CCL4 
treatment increased COL-1A and fibronectin expressions more 
than alcohol with CCL4 treatment, but it was not statistically sig-
nificant.

Regulation of extracellular matrix components is most import-
ant for normal vascular function, and dysregulation of protein ex-
pression such as collagen leads to detrimental pathologies such as 
atherosclerosis and pulmonary hypertension (Bou-Gharios et al., 
2004). Connective tissue growth factor certainly has a contribu-
tion to lung fibrosis (Ponticos et al., 2009). Fibronectin has nu-
merous functions such as cell adhesion, growth, migration, and 
differentiation (Pankov and Yamada, 2002). Fibronectin has pro-
found effects on wound healing, including the remodeling and 
re-synthesis of the connective tissue matrix, as well as the devel-
opment of granulation tissue and the formation of an appropriate 
matrix for cell migration and growth during tissue. Plasma fi-
bronectin, along with fibrin, is deposited at the site of injury to 
stop bleeding and form a clot that protects the underlying tissue 
(Valenick et al., 2005).

In this study, the mechanisms of liver injury caused by alcohol, 
LPS, and CCL4 were investigated in terms of levels of ALT and 
AST, concentrations of TNF-α, IL-1β, and IL-6, and expressions 
of COL-1A and fibronectin.
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