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Objective(s): Oxidative stress has been established as a key cause of alcohol-induced hepatotoxicity. 
Licochalcone B, an extract of licorice root, has shown antioxidative properties. This study was to 
investigate the effects and mechanisms of licochalcone B in ethanol-induced hepatic injury in an            
in vitro study.  
Materials and Methods: An in vitro model of Ethanol-induced cytotoxicity in BRL cells was used in this 
study. Cell injury was assessed using WST-1 assay and lactate dehydrogenase, alanine transaminase, 
and aspartate aminotransferase release assay. Cell apoptosis were quantified by flow cytometric 
analysis. The intracellular oxidative level was evaluated by reactive oxidative species, 
malondialdehyde and glutathione detection. Furthermore, the expression level of Erk, p-Erk, Nrf-2 
were assessed using Western blot. 
Results: Treatment with ethanol induced marked cell injury and cell apoptosis in BRL cells. 
Licochalcone B significantly attenuated ethanol-induced cell injury, and inhibited cell apoptosis. 
Furthermore, licochalcone B significantly inhibited ethanol-induced intracellular oxidative level, 
upregulated the expression of p-Erk, and promoted nuclear localization of Nrf2. Additionally, this 
hepatoprotective role was significantly abolished by inhibition of Erk signaling. However, no apparent 
effects of Erk inhibition were observed on ethanol-induced hepatotoxicity. 
Conclusion: This study demonstrates that licochalcone B protects hepatocyte from alcohol-induced 
cell injury, and this hepatoprotective role might be attributable to apoptosis reduction, inhibition of 
oxidative stress, and upregulation of Erk–Nrf2. Therefore, licochalcone B might possess potential as a 
novel therapeutic drug candidate for alcohol-related liver disorders. 
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Introduction 
 Excessive alcohol intake is a major public health 

challenge worldwide (1, 2). As the liver is the main 
organ involved in metabolism of alcohol, alcohol abuse 
causes various liver disorders, such as alcoholic 
hepatitis, alcoholic fatty liver, alcoholic cirrhosis, and 
even hepatocellular carcinoma, posing substantial 
economic and social burdens worldwide (3-5). 
Previous investigations have established that oxidative 
stress is an important factor associated with alcohol-
related liver disorders (6, 7). Both increased production 
of ROS and compromised antioxidative defenses have 
been observed after ethanol exposure. Ethanol induces 
mitochondria dysfunction, expression of CYP2E1, and 
expression of NAD(P)H oxidase (Nox), all of which lead 
to the increased production of ROS (7). In addition, 
decline of non-enzymatic antioxidant (like GSH) and 
enzymatic antioxidant (like SOD, catalase and GPx) has 

 

been also reported in ethanol-related animal models   
(8, 9). Based on this evidence, drugs targeting 
antioxidative stress have been extensively investigated 
(10). However, although some drugs may show a 
potential hepatoprotective role, limited efficiency and 
lack of favorable therapeutic measures have remained 
huge challenges for both investigators and clinics. 
Therefore, it is critical to search for novel liver-
protecting drugs and investigate the hepatoprotective 
mechanisms involved. 

Licorice root, an ancient Chinese Medicine, has 
shown effective roles in liver disease in Chinese 
Traditional Medicine. Licochalcone is an extract of 
licorice root, and belongs to the flavonoid family, 
including licochalcone A and licochalcone B (11). 
Previous studies have thoroughly investigated the 
effects of licochalcone A, especially its notable 
antitumor effects via induction of apoptosis in 
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hepatocellular carcinoma (12), gastric cancer (13), 
and colon cancer (14). However, no apparent liver-
protecting role was observed for licochalcone A. A few 
studies have found that licochalcone B has potential as 
an antioxidant or free-radical scavenger (11, 15). 
Moreover, a licochalcone B derivative compound shows 
some anti-inflammatory effect in RAW264.7 cells (16). 
Han et al reported that licochalcone B protected 
isolated rat hearts from ischemia/reperfusion injury 
(17). However, in view of the potential antioxidative 
and anti-inflammatory role of licochalcone B, whether 
licochalcone B protects against alcohol-induced liver 
injury remains unexplored. 

Signaling via the Erk pathway is known to mediate 
survival signals in hepatocytes (18). The hepatopro-
tective role of Erk signaling has established in 
conditions of oxidant-mediated hepatocyte injury by 
H2O2 (19) as well as ethanol (20, 21). Nuclear factor 
erythroid 2 p45-related factor 2 (Nrf2), is a critical 
transcription factor regulating expression of various 
antioxidant and cytoprotective genes, and is known to 
protect hepatocytes from various types of oxidative 
injuries (7). Additionally, some studies have also 
identified Erk-Nrf2 signaling as a critical hepatopro-
tective signaling in oxidant-induced hepatocyte injury 
(20, 22). However, whether Erk-Nrf2 signaling 
regulates the role of licochalcone B in ethanol-induced 
hepatocyte injury need to be elucidated.  

 In the present study, by using an ethanol-induced 
hepatocyte injury model in vitro, we investigated the 
potentially hepatoprotective role of licochalcone B 
and explored the mechanisms in which Erk-Nrf2 
might be involved. The identification of the role of 
licochalcone B in ethanol-induced hepatocyte injury 
may lead to the development of novel drugs for 
alcohol-related liver disorders. 

 
Materials and Methods 
Cell culture 

A rat hepatocyte cell line, BRL cells (purchased 
from the cell bank of Chinese Academy of Science, 
Shanghai, China), was cultured in complete medium 
(90% Dulbecco’s modified Eagle’s medium and 10% 
fetal bovine serum) in a humidified incubator 
(Thermo Scientific, Waltham, MA, USA) in 95% air 
and 5% CO2 at 37 °C.  
 
Cell viability assay 

After various treatments as indicated, the cell 
viability of BRL cells was evaluated by WST-1 assay 
(Roche, Mannheim, Germany), based on the 
manufacturer’s instructions. Briefly, after the 
medium was refreshed, the WST-1 solution was 
added at a concentration of 10 μl/well and, then, the 
cells were incubated for 3 hr in the incubator. 
Absorbance was determined using a microplate 
reader (BD, San Diego, CA, USA) at 450 nm. After 
subtracting the background value, cell viability was 
calculated as a percentage of the control group. 

 

LDH, ALT, and AST release detection 
For detecting cell injury, levels of lactate 

dehydrogenase (LDH; Roche, Mannheim, Germany), 
alanine transaminase (ALT), and aspartate 
aminotransferase (AST; Randox Laboratories, Antrim, 
UK) in the medium were assayed by following the 
manufacturer’s protocol. After respective treatments as 
indicated, the supernatant was collected for LDH, ALT, 
and AST assays. LDH release was expressed as a 
percentage of Max release, and the ALT and AST levels as 
folds of levels for the control group. 
 
Flow cytometric analysis 

Cell apoptosis was evaluated by Annexin V 
(AV)/propidium iodide (PI) staining (Roche, Mannheim, 
Germany) and flow cytometric analysis as previously 
described (23). Briefly, BRL cells were harvested and re-
suspended in a binding buffer. Then, after double-
staining with fluorescein isothiocyanate (FITC)-AV and 
PI dye, cells were analyzed by flow cytometer (FC 500 
MCL; Beckman-Coulter, CA, USA) at 530 and 575 nm. 
Cells expressing AV+/PI-/+ staining were considered 
apoptotic, and the apoptosis rate was calculated as the 
apoptotic cell number/total number of cells. 
 
Measurement of reactive oxygen species 

After the medium was removed, BRL cells were 
rinsed 3 times with phosphate-buffered saline (PBS) 
and incubated with a reactive oxygen series (ROS) 
indicator (DCF-HA 10 μM in HBSS) for 30 min in a light 
resistant incubator at 37 °C. Relative fluorescence 
values were determined by a fluorescence microplate 
(BD, San Diego, CA, USA) at 488/525 nm. 
 
Detection of lipid peroxidation and glutathione  

Lipid peroxidation was measured via detection of 
malondialdehyde (MDA) levels in the cell lysate 
using a commercialized kit (Beyotime, Shanghai, 
China) as specified by the manufacturer. Briefly, 
100 μl MDA work buffer was added to 50 μl cell 
lysate supernatant; 15 min after the reaction, 
absorbance values were detected on a fluorescence 
microplate at 532 nm. Glutathione (GSH) levels was 
assayed using a GSH kit (Beyotime, Shanghai, China) 
as per manufacturer’s instructions. After removal of 
protein with a protein removal buffer, the non-
protein supernatant was used for GSH detection 
using a GSH work buffer; 25 min after the reaction, 
absorbance values were detected on a fluorescence 
microplate at 412 nm. 
 
Protein extraction and Western blot analysis 

The proteins were harvested for Western blot (WB) 
assay using radioimmunoprecipitation assay (RIPA) 
lysis supplemented with a protease and phosphatase 
inhibitor cocktail (Roche, Mannheim, Germany), after 
the respective treatments. Nucleoprotein was extracted  
using NE-PER™ Nuclear Extraction Reagents (Thermo 
Scientific, Waltham, MA, USA) in accordance with the
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Figure 1. Ethanol-induced dose-dependent cytotoxicity and cell apoptosis in BRL cells. BRL cells were subjected to ethanol at 
concentrations of 10, 50, 75, 100, 150, or 200 mM for 24 or 48 hr. Cell viability was subsequently assessed using WST-1 assay and shown 
as a percentage of the control group (A). LDH release in the medium was also detected and expressed as a percentage of max release (B); 
24 hr after the BRL cells were treated with ethanol 150 mM, cell apoptosis was analyzed using flow cytometry. Cells in C2 (AV+/PI+) and C4 
(AV+/PI-) quadrant was considered apoptotic cells. The rate of apoptosis was calculated as apoptotic cell number/total number. Data 
represents means±SEMs, n=4 per group; *, P<0.05, **, P<0.01, vs. the control group 
 
 

 
 

manufacturer’s instructions, and protein concentration 
was determined. Then, 30 μg of protein was separated 
by electrophoresis with 10–12% SDS-PAGE gel and 
transferred to a polyvinylidene difluoride membrane. 
After blocking with 5% skimmed milk, the membrane 
was incubated with the primary antibodies: Nrf-2 
(1:500), Histone H3 (1:1000), p-ERK (1:1,000), ERK1/2 
(1:1000), and β-actin (1:2,000) (Cell Signaling 
Technology, Danvers, MA, USA) overnight on a rotator 
at 4 °C. Then, the membrane was washed and incubated 
with appropriate secondary antibodies for 1 hr. 
Immunoreactivity of the membrane was then detected 
using Chemiluminescent Substrate (Thermo Scientific, 
Waltham, MA, USA). Optical densities were quantified 
using Image J (NIH, Bethesda, MD, USA). 
 
Statistical analysis 

Statistical analysis was performed using GraphPad 
prism 5 (GraphPad, San Diego, CA, USA). All data are 
expressed as means±standard errors of the means (SEMs) 
and analyzed using analysis of variance (ANOVA), followed 
by Bonferroni’s multiple comparisons or unpaired t-tests. 
When the P-value was <0.05, the difference was 
considered statistically significant. 

 

Results  
Ethanol-induced dose-dependent cytotoxicity and 
cell apoptosis in BRL cells 

To determine the appropriate concentration of 
ethanol in our study, BRL cells were treated with 
different ethanol concentrations (10, 50, 75, 100, 150, 

and 200 mM); then, cytotoxicity was determined by cell 
viability assay and LDH release detection. As shown in 
Figure 1A, ethanol induced a dose-dependent cell-
viability decrease 24 or 48 hr after treatment. Similar 
results were also obtained for LDH release detection, 
evidenced by a concentration-dependent increase in 
LDH release after ethanol treatment (Figure 1B). 
Compared with the control group, ethanol at 150 mM 
caused notable decrease in cell viability by nearly 50%. 
Additionally, apoptosis assay by flow cytometric 
detection showed that a 150-mM ethanol insult 
significantly increased cell apoptosis compared with 
that in the control group (Figure 1C and D). Therefore, 
this concentration was used in the subsequent 
experiments. 
 
Effect of licochalcone B on ethanol-induced 
cytotoxicity and cell apoptosis in BRL cells 

Proceeding to the hepatoprotective studies, we 
firstly analyzed whether licochalcone B affected cell 
viability in BRL cells. Twenty-four hours after 
treatment with different concentrations of licochalcone 
B, cytotoxicity was evaluated by WST-1. As shown in 
Figure 2A, no significant changes were observed in 
these groups treated with licochalcone B at a 
concentration less than 50 μM. However, treatment 
with licochalcone B at 50 μM provoked a slight but  
significant decrease of cell viability (Figure 2A). These 
data suggested that licochalcone B had no cytotoxicity 
at low concentrations. We further evaluated the 
hepatoprotective role of licochalcone B. Compared with
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Figure 2. Effect of Licochalcone B on ethanol-induced cytotoxicity and cell apoptosis in BRL cells. BRL cells were subjected to licochalcone 
B at concentrations of 2.5, 5, 10, 15, 20, or 50 μM for 24 hr. Cell viability was subsequently assessed using WST-1 assay (A). BRL cells were 
subjected to ethanol (150 mM) and cotreated with licochalcone B at a concentration of 2.5, 5, 10, 15, 20, or 50 μM for 24 hr. Cytotoxicity 
was evaluated by cell viability assay (B), and LDH (C), ALT, and AST (D) release detection in the medium; 24 hr after BRL cells were treated 
with ethanol (150 mM) or cotreated with licochalcone B (10 μM), cell apoptosis was analyzed using flow cytometry and shown as the 
apoptosis rate (apoptotic cell number (AV+/PI-/+) total cell number × 100%). Data represents means±SEMs, n=4 per group; *,P<0.05,                    
**, P<0.01, vs. the control group; #, P<0.05, ##, P<0.01, vs. the ethanol-alone group 
 

the ethanol-alone group, significantly increased cell 
viability (Figure 2B) and decreased LDH release (Figure 
2C) were identified in these groups cotreated with 
licochalcone B at 5, 10, 15, and 20 μM but not at 2.5 and 
50 mM. Then, this hepatoprotective role was further 
evaluated by ALT and AST release. In line with a 
previous study, ethanol treatment induced an apparent 
increase of ALT and AST release in the medium (Figure 

 2D). This increase of ALT and AST was significant 
inhibited by treatment with licochalcone B at 5, 10, 15, 
and 20 μM (Figure 2D). Consistent with these results, 
treatment with licochalcone B 10 μM also significantly 
alleviated ethanol-induced cell apoptosis, compared 
with the ethanol-alone group (Figure 2E and F). Taken 
together, licochalcone B could alleviate ethanol-induced 
cytotoxicity and cell apoptosis. 
 
 

 
 

Figure 3. Effect of licochalcone B on ethanol-induced oxidative stress in BRL cells. After treatment with ethanol (150 mM) or cotreatment 
with licochalcone B (10 μM) for 24 hr, intracellular oxidative levels were evaluated using DCF-HA and shown as folds of control group. Cell 
lysates were harvested to detect intracellular MDA (B) and GSH (C) levels; 24 hr after treatment with ethanol (150 mM) alone or 
cotreatment with licochalcone B (10 μM), total proteins and nucleoproteins were harvested for Western blot assay. Representative bands 
are shown (D). The relative expression of Nrf-2 in total proteins (E) and in the nucleus (F) was calculated as folds of expression reported 
for the control group. β-Actin for total proteins and Histone H3 for nucleoproteins was used as an internal control. BRL cells not subjected 
to ethanol or licochalcone B were used as controls. Data are presented as mean ± SEMs; n=4 per group; *, P<0.05, **, P<0.01, vs. the control 
group; #, P<0.05, ##, P<0.01, vs. the ethanol-alone group 
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Figure 4. Involvement of Erk signaling in licochalcone B-mediated hepatoprotective role. Twenty-four hours after treatment with ethanol 
(150 mM) alone or cotreatment with licochalcone B (10 μM), the expression of p-Erk and Erk was detected by Western blot assay (A). BRL 
cells not subjected to ethanol or licochalcone B treatment were used as the control. **, P<0.01, vs. the control group; #, P<0.05, ##, P<0.01, vs. 
the ethanol-alone group. After pretreatment with an Erk inhibitor (PD98059, 20 μM), BRL cells were subsequently treated with ethanol 
(150 mM) alone or cotreated with licochalcone B (10 μM). The expression of p-Erk and Erk was detected by Western blot assay (B); cell 
cytotoxicity was evaluated by WST-1 assay (C) and LDH release detection (D). *, P<0.05, **, P<0.01, vs. the ethanol alone group; #, P<0.05, ##, 
P<0.01, vs. the ethanol + licochalcone B group. Data are represented as mean ± SEMs; n=4 per group 

 
 

Effect of licochalcone B on ethanol-induced oxidative 
stress in BRL cells 

To evaluate the crucial roles of oxidative stress in 
ethanol-mediated hepatocyte injury, we evaluated 
the potentially antioxidative role of licochalcone B.  

Cell oxidative levels were monitored by DCF-HA, 
a widely used reactive oxygen species (ROS) indictor. 
Twenty-four hours after exposure to ethanol 
150 mM, a significant increase in the intracellular 
ROS levels was observed, compared with the control 
group (Figure 3A). Cotreatment with licochalcone              
B 10 μM significantly abolished the ethanol-induced 
increase in ROS levels. Furthermore, lipid peroxidation 
and GSH depletion were used to evaluate the 
antioxidative role of licochalcone B against ethanol. As 
shown in Figure 3B, the ethanol-induced increase of 
MDA in BRL cells was significantly inhibited by 
cotreatment with licochalcone B. Similarly, the ethanol-
induced depletion of GSH was effectively ameliorated 
by cotreatment with licochalcone B (Figure 3C).         
Nrf-2, an important transcription factor regulating 
antioxidant genes, is involved in ethanol-induced 
oxidative stress. Our study found that cotreatment with 
licochalcone B significantly increased localization of the 
Nrf-2 protein in the cell nucleus (Figure 3D and F), but 
had no apparent effects on the total Nrf-2 protein level 
(Figure 3D and E). No significant change of Nrf-2 
protein level was observed in the ethanol-alone group, 
compared with the control group. 
 

Involvement of Erk signaling in licochalcone                   
B-mediated hepatoprotective role 

A previous study found that Erk signaling was 
extensively involved in ethanol-induced oxidative 
stress (24). As shown in Figure 4A, the level of 
phosphorylation of Erk (p-Erk) was increased 
slightly 24 hr after ethanol treatment, but this 
change was not significant. However, cotreatment 

with licochalcone B significantly upregulated the p-
Erk level 24 hr after ethanol treatment. No 
significant change of Erk protein level was observed. 
To further elucidate the role of Erk signaling in 
licochalcone B-induced hepatoprotective role against 
ethanol, an Erk inhibitor, PD98059, was applied to 
prevent Erk activation. As shown in Figure 4B, 
PD98059 significantly inhibited ethanol-induced 
upregulation of p-Erk, but had no significant effects on 
ethanol-induced hepatocyte injury, as evidenced by the 
cell viability (Figure 4C) and LDH-release assay            
(Figure 4D). In contrast, as compared with the 
ethanol+licochalcone B group, PD98059 significantly 
but partially abolished the licochalcone B-mediated 
hepatoprotective role against ethanol, evidenced by 
decreasing cell viability (Figure 4C) and increasing LDH 
release (Figure 4D). Taken together, licochalcone B 
might protect the BRL cell from ethanol partially via 
activation of Erk. 

 
Discussion 

Previous investigations have adequately 
established that alcohol produces a broad spectrum 
of hepatocyte injury and causes alcohol-related liver 
disorders. Further, ethanol-induced hepatocyte 
injury has been widely used to investigate the 
mechanisms involved in and to explore potentially 
efficient drugs against alcohol-related liver 
conditions (10, 25). In this study, ethanol-induced 
hepatotoxicity in the BRL cell, a rat hepatocyte cell 
line, was used. Treatment with ethanol induced a 
dose-dependent cell viability decrease and LDH 
increase. Moreover, a significant increase of 
apoptosis was observed after ethanol insult at a 
concentration of 150 mM. These results are in 
agreement with those reported from other studies in 
HepG2 or BRL 3A cells (26, 27).  
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Licochalcone B, which is an extract of licorice root, 
has shown some pharmacological properties, including 
antioxidant, free-radical scavenging, and anti-
inflammatory effects (11, 15, 16). Therefore, we 
investigated the role of licochalcone B in ethanol-
induced hepatotoxicity, and found that licochalcone B, 
at low concentrations (<50 μM), protects hepatocytes 
from ethanol-mediated injury, as evidenced by 
increased cell viability and decreased LDH and 
ALT/AST leakage. However, a high dose of licochalcone 
B (50 μM) did not show any hepatoprotective 
properties. This hepatoprotective role might partially 
be due to inhibition of apoptosis. A similar protective 
role against ischemia/reperfusion has been obtained in 
isolated rat hearts (17). Previous evidences have 
demonstrated the crucial role of oxidative stress in the 
pathogenesis of alcohol-induced hepatocyte injury (28-
30). Alcohol is mainly metabolized in hepatocytes to 
form acetaldehyde, together with generation of ROS. 
Further, ROS overproduction could provoke oxidative 
stress, cause lipid peroxidation, and even lead to the 
production of reactive aldehydes with potent 
proinflammatory and profibrotic properties (31). Some 
drugs targeting alcohol-induced oxidative stress have 
shown a hepatoprotective role via an increase in 
endogenous antioxidant elements or removal of ROS, 
including cannabidiol (10) and diallyl trisulfide (32). 
Therefore, we further evaluated the antioxidative 
effects of licochalcone B in hepatoprotection. Our study 
found that licochalcone B notably inhibited ethanol-
induced increase in oxidative levels (ROS and MDA), 
and restored downregulated GSH levels. Additionally, 
Nrf2, an important transcriptional factor, was 
intensively involved in, and protected from, ethanol-
induced hepatocyte oxidative injury via induction of 
heme oxygenase 1 (HO-1) expression (20, 29, 33). 
Similarly as these studies, we found that licochalcone B 
promoted nuclear localization of Nrf2, but did not have 
a significant impact on the total level of Nrf2 protein. 
Taken together, licochalcone B alleviated ethanol-
induced hepatotoxicity, and this role might be 
attributable to the inhibition of oxidative stress and 
promotion of Nrf2 nuclear location. 

Erk signaling, a classic intracellular signaling, 
strongly participates in hepatocyte injury (20, 34). Our 
study found that Erk signaling was slightly activated 
after ethanol treatment, partially consistent with data 
on different hepatocytes (24, 35). Previous studies have 
demonstrated that the Erk–Nrf2–HO-1 pathway is 
intensively involved in hepatoprotective mechanisms, 
such as through chitooligosaccharides (21), antro-
quinonol (36), and quercetin (20). Therefore, we 
further delineated the role of Erk signaling in 
licochalcone B-mediated hepatoprotective effects. After 
cotreatment with licochalcone B and ethanol, a 
significant increase of p-Erk expression was observed. 
Further, inhibition of Erk activation with an Erk 
inhibitor, PD98059, mitigated the licochalcone B-

induced hepatoprotective role against ethanol insult, 
which is consistent with a study reported by Yao et al 
(20). However, inhibition of Erk activation with 
PD98059 had no apparent effect on ethanol-induced 
hepatotoxicity. Taken together, Erk–Nrf2 signaling may 
comprise downstream signaling of licochalcone B.  

 
Conclusion  

Licochalcone B inhibits ethanol-induced oxidative 
stress and protects hepatocyte from ethanol-induced 
injury. This hepatoprotective role may be related to 
the activation of Erk signaling and promotion of Nrf2 
nuclear location. Additional experiments in vivo are 
need to further verify this hepatoprotective role. 
Despite these current limitations, these novel 
findings might provide a potential therapeutic 
candidate for alcohol-related liver disorders. 
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