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Objective(s): The objective of this study was to investigate the hepatoprotective effect of licochalcone B 
(LCB) in a mice model of carbon tetrachloride (CCl4)-induced liver toxicity.  
Materials and Methods: Hepatotoxicity was induced in mice by a single subcutaneous injection (SC) of 
CCl4. The LCB was administered orally once a day for seven days (PO) as pretreatment at three doses 
of 1, 5, and 25 mg/kg/day. The levels of superoxide dismutase (SOD), malondialdehyde (MDA), 
glutathione (GSH), glutathione disulfide (GSSG), C-reactive protein (CRP), tumor necrosis factor-α 
(TNF-α), interleukin-6 (IL-6), alanine aminotransferase (ALT) and aspartate aminotransferase (AST) 
were analyzed by ELISA. The protein expression degrees of p38 mitogen activated protein kinases 
(p38) and nuclear factor-k-gene binding (NF-κB) were assayed by western blotting. 
Results: CCl4-induced hepatotoxicity was manifested by an increase in the levels of ALT, AST, MDA,              
IL-6, CRP, and TNF-ɑ, and a decrease in the SOD level and GSH/GSSG ratio in the serum. The 
histopathological examination of the liver sections revealed necrosis and inflammatory reactions. 
Pretreatment with LCB decreased the levels of ALT, AST, MDA, GSSG, IL-6, CRP, TNF-ɑ, and the protein 
expression of p38 and NF-κB, increased the level of SOD and GSH, and normalized the hepatic histo-
architecture.  
Conclusion: LCB protected the liver from CCl4-induced injury. Protection may be due to inhibition of 
p38 and NFκB signaling, which subsequently reduced inflammation in the liver. 
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Introduction 
A vital organ of the human body, the liver is in 

charge of detoxification of exogenous xenobiotics, 
drugs, viral infections, and chronic alcoholism. Liver 
diseases are one of the major causes of mortality and 
morbidity worldwide, and drug-induced liver toxicity is 
a major cause of hepatic dysfunction (1). Liver damage 
is a widespread pathology, which in most cases 
involves oxidative stress and is characterized by a 
progressive evolution from steatosis to chronic 
hepatitis, fibrosis, cirrhosis, and hepatocellular 
carcinoma (2). In recent years, attention has been 
focused on biotransformation of chemicals into highly 
reactive metabolites that initiate cellular toxicity. 
Carbon tetrachloride -(CCl4-)induced hepatotoxicity in 
animal models has been widely used to investigate 
hepatoprotective effect of natural compounds (3, 4).  

 

Hepatotoxicity is a complicated process that 
involves various mechanisms. Oxidative damage, 
which is one of the most important mechanisms 
involved in hepatotoxicity, has an important function 
in the progression of hepatotoxicity (5, 6). In 
addition, inflammation is considered to be a 
mechanism that contributes to the initiation and 
progression of hepatic damage in a variety of liver 
disorders (7, 8). Several studies demonstrate that 
numerous inflammatory cytokines are produced in 
hepatotoxic liver tissues (9, 10). Therefore, anti-
inflammatory drugs and antioxidants obtained from 
plants represent a logical therapeutic strategy for the 
treatment of liver diseases. 

Flavonoids are the most potent and versatile 
biologically active compounds in plants and have 
been known to exhibit outstanding antioxidant, anti-
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inflammatory, and hepatoprotective effects (11, 12). 
Licochalcone B (LCB), which belongs to the 
retrochalcone family, is isolated from the roots of 
Chinese licorice. Studies on the biological activities of 
LCB are still in their initial stage. LCB exhibits high 
antioxidant and free radical-scavenging activities 
(13). Experimental studies suggest that LCB 
possesses several other useful pharmacological 
properties, such as anti-inflammatory activities and 
cardioprotective effects (14). In this study, we 
evaluate the hepatoprotective effects of LCB and the 
mechanisms underlying such effects. 

 

Materials and Methods 
Test Compounds, Chemicals, and Reagents 

LCB (purity 98%≥) was purchased from Shanghai 
Li Chen Biotechnology Co., Ltd. (Shanghai, China). 
CCl4 was obtained from Sigma Chemical Company, 
USA. The other chemicals and reagents were of 
analytical grade. 
 
Animals and experimental groups 

Kunming mice (20 g to 30 g) were obtained from 
Jinan Jinfeng Experimental Animal Breeding Co Ltd 
(license number: SCXK (lu) 2014-0006). All 
experimental procedures were approved by the 
Institutional Animal Care and Use Committee of the 
National Institute Pharmaceutical Education and 
Research. 

The dose of the LCB used in the experiments was 
determined by the preliminary experiments. For this 
purpose, 0.1, 1, 5, 25, 50 and 100 mg/kg/day were 
chosen to conduct this pre-experiment. Through the 
measurement of biochemical and histopathological 
parameters, we found that the best treatment effect 
belongs to the dose of 25 mg/kg/day. In order to 
establish a dose-response relationship, the doses of 
1, 5 and 25 mg/kg/day were chosen to conduct the 
experiment. The dose of the CCl4 used in the 
experiments was also determined by the preliminary 
experiments and previous studies (15). The mice 
were randomly divided into five groups (n= 
12/group): control group, CCl4 group, and LCB + CCl4 
groups (1, 5, and 25 mg/kg/day). In the control 
group, the mice received distilled water for seven 
days. In the CCl4 group, the mice received distilled 
water as in the previous group and intraperitoneally 
administered with 10 ml/kg body weight of CCl4 
diluted with corn oil at a ratio of 1:500 once on day 8. 
In the LCB + CCl4 groups, the LCB was administered 
intragastrically once daily for seven days (1, 5, and 
25 mg/kg/day) followed by a single subcutaneous 
(SC) dose of CCl4 (10 ml/kg body weight) on day 8. 

 
Determination of biochemical parameters 

After 24 hr of CCl4 administration, the animals 
were anesthetized using ether, and 1 ml of blood was 

collected through cardiac puncture. Blood was 
allowed to clot and centrifuged at 4000 g for 10               
min. The serum was separated and used for               
alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) assays by standard methods 
using enzyme assay kits (Nanjing Jiancheng 
Biological Product, Nanjing, China). 

 
Assay of oxidative stress and inflammation 

  As previous treatment in determination of 
biochemical parameters, blood was collected and 
allowed to clot and then centrifuged at 4000 g for 10 
min. The serum was separated and used for oxidative 
stress assay. Superoxide dismutase (SOD) activity, 
the levels of malondialdehyde (MDA), glutathione 
(GSH), glutathione disulfide (GSSG), tumor necrosis 
factor- (TNF-), C-reactive protein (CRP), and 
interleukin-6 (IL-6) were spectrophotometrically 
analyzed according to the instructions of ELISA (Tsz 
Biosciences, Greater Boston, USA).  

 
General histology survey of livers 

  The mice were killed by cervical dislocation, and 
the livers were excised, washed in phosphate buffer, 
and dried using tissue paper. Each mice liver was 
fixed in 10% formaldehyde and preserved at normal 
temperature (37 °C). The livers were observed under 
an optical microscope after hematoxylin and eosin 
(HE) coloration. A small piece (2 mm × 1 mm × 1 
mm) of liver tissue was obtained and fixed in a 0.1 
mM phosphate buffer (pH 7.2) containing 3% 
glutaraldehyde and 1.5% paraformaldehyde at 4 °C. 
The tissue sample was cut into small 1 mm3 pieces 
and subsequently fixed in the abovementioned 
solution for 4 hr. The piece was fixed in 1% osmic 
acid again at 4 °C for 1.5 hr after being rinsed with 
phosphate buffer. The tissue was then dehydrated by 
alcohol and dimethylbenzene and embedded in 
epoxy resin 618. The tissue was located by semithin 
sectioning and then sliced into ultrathin sections (60 
nm). The sections were dyed with uranium acetate 
and lead citrate. After staining with HE, the slides 
were examined under a microscope (Olympus, 
Japan) at 100× magnification for histopathological 
changes. 

 
Western blot analysis 

  p38 and NF-κB protein expression were 
examined using western blot analysis. The protein 
extracts from the liver tissue were prepared using a 
lysis buffer (50 mM Tris-HCl, pH 7.6, 0.5% Triton X-
100, and 20% glycerol). The extracts were then 
subjected to centrifugation (15,000 g, 15 min at             
4 °C). The supernatant fractions were assayed for 
protein concentration using a Bradford reagent              
(Bio-Rad, Richmond, CA) and were used for the 
western blot analyses of p38, NF-κB, and β-actin (Cell 
Signaling, Beverly, MA, USA). Horseradish peroxidase- 
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Table 1. Prophylactic effect of LCB on the restoration of liver 
function markers in CCl4-intoxicated mice (values are presented as 
mean±SD, n= 8) 
 

Groups ALT (U/l) AST (U/l) 
Control 33.10±1.80 50.21±9.26 
CCl4 244.30±19.54## 164.75±7.50## 
1 mg/kg LCB 255.21±23.26 167.71±6.77 
5 mg/kg LCB 183.53±7.24** 112.50±12.64** 
25 mg/kg LCB 57.48±7.76** 98.65±11.63** 

 

ALT: alanine aminotransferase; AST: aminotransferase 

##P<0.01 compared with the normal control group, **P<0.01 
compared with the CCl4 group 

 
conjugated IgG (Zymed, South San Francisco, CA, USA) 
was used as a secondary antibody. 
 
Statistical analysis 

The data were presented as means±SD from a 
minimum of three independent experiments and 
evaluated using ANOVA followed by Student’s t-test. 
Statistical significance was considered at P<0.05. 
Statistical analysis was performed using SPSS software 
(IBM SPASS, International Business Machines 
Corporation, Armonk, NY, USA). 
 

Results  
Effects of LCB on serum ALT and AST activity in 
hepatotoxicity  

As shown in Table 1, the intoxication of mice with 
CCl4 resulted in a marked increase in the levels of liver 
function serum markers, including ALT (224.30 
U/l±19.54 U/l) and AST (164.75 U/l±7.50 U/l), in 
comparison with those in the control group (P<0.01). 
On the contrary, the levels of these liver function 
markers decreased nearer to normalcy because of the 
ameliorative effect of LCB. Significant hepatoprotective 
activity was noticed in animals treated with LCB at 
dosages of 5 and 25 mg/kg (P<0.01). The dose-
dependent effect of LCB was then observed. 
 
LCB alleviated oxidative stress of hepatotoxicity 
induced by CCl4 

As shown in Table 2, the oxidative stress         
markers in liver homogenates revealed that the 
intoxication of mice with CCl4 significantly decreased 
the activities of oxidative stress marker enzymes in 
the serum, including SOD (29.82 U/ml±2.86 U/ml) 
and GSH (385.95 ng/l±24.29 ng/l), in comparison 
with those in the toxic control group (SOD: 56.67 
U/ml ± 5.19 U/ml; GSH: 750.68 ng/l±16.21 ng/l). In 

 
 

addition, a significant increase in the levels of MDA 
(11.50 nmol/ml±0.30 nmol/ml) and GSSG (11.07 
nmol/ml ±0.19 nmol/ml) were observed in CCl4-
intoxicated mice in contrast to the control animals. 

Compared with the CCl4 group, the LCB-pretreated 
(5 and 25 mg/kg) groups exhibited significant 
ameliorative effect by elevating the levels of SOD 
(37.30±3.99 U/ml and 48.51±3.41 U/ml) and GSH 
(512.50±73.54 and 628.29 ng/l±26.93 ng/l). Compared 
with the CCl4 group, the LCB pretreated (5 and 25 
mg/kg) groups showed a significant ameliorative effect 
by reducing the MDA levels (10.26±0.16 and 9.03 
nmol/mll±0.04 nmol/ml). Also, compared with CCl4 

group, the pretreated group with 25 mg/kg LCB 
showed significant ameliorative effect by reducing the 
GSSG levels (9.13 nmol/ml±0.53 nmol/ml).  
 
LCB attenuated inflammation of hepatotoxicity 
induced by CCl4 

Inflammation is an important mechanism under-
lying hepatotoxicity. The presence of inflammatory 
cytokines (IL-6, CRP, and TNF-) associated with 
hepatotoxicity was determined in the serum to 
identify the possible mechanisms underlying 
hepatoprotective activity of LCB. As shown in Table 
3, the content of IL-6 in the LCB-pretreated group             
(5 and 25 mg/kg) was significantly lower than that in 
the CCl4 group (110.95 pg/ml± 7.11 pg/ml). The 
activity of TNF- in the group pretreated with LCB at 
5 (386.63 ng/l±20.50 ng/l) and 25 mg/kg (294.63 
ng/l±18.03 ng/l) were significantly lower than those 
in the CCl4 group (496.83 ng/l±24.93 ng/l). The CRP 
level significantly decreased in the group pretreated 
with 25 mg/kg LCB (1583.57 µg/l±92.41 μg/l) 
compared with that in the CCl4 group (2171.51 
µg/l±206.39 µg/l).  

 
Determination of histopathological parameters 

Histological profile of the liver sections of control 
animals showed a normal hepatic architecture with 
well-preserved cytoplasm, prominent nucleus, central 
vein (CV), and compact arrangement of hepatocytes 
without fatty lobulation (Figure 1A). Liver sections of 
the CCl4-treated animals showed hydropic changes                  
in centrilobular hepatocytes with cell necrosis 
surrounded by neutrophils. Congestion of the CV and 
sinusoids was observed, along with inflammatory               
cells infiltrating sinusoids mainly in the central zone 

Table 2. Effect of LCB pretreatment on the oxidative stress parameters of mice in CCl4-induced hepatotoxicity. (values are presented as 
means±SD, n = 8) 
 

Groups SOD (U/ml) MDA (nmol/ml) GSH (ng/l) GSSG (nmol/ml) 
control 56.67 ± 5.19 8.16 ± 0.13 750.68 ± 16.21 8.87 ± 0.29 

CCl4 29.82 ± 2.8## 11.50 ± 0.30## 385.95 ± 24.29## 11.07 ± 0.19## 
1 mg/kg LCB 32.46 ± 2.53 11.02 ± 0.29 433.46 ± 25.29 10.89 ± 0.87 
5 mg/kg LCB 37.30 ± 3.99* 10.26 ± 0.16* 512.50 ± 73.04* 10.10 ± 0.83* 

25 mg/kg LCB 48.51 ± 3.41** 9.30 ± 0.40** 628.29 ± 26.93** 9.13 ± 0.53** 
 

 ##P< 0.01 compared with the normal control group, *P<0.05 and **P<0.01  
SOD: superoxide dismutase; MDA: malondialdehyde; GSH: glutathione; GSSG: glutathione disulfide  
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Table 3. Effect of LCB on the levels of IL-6, TNF-α, and CRP in mice subjected to CCl4-induced hepatotoxicity (values are presented as 
means±SD, n = 8) 
 

Groups IL-6 (pg/ml) TNF-α (ng/l) CRP (μg/l） 

Control 72.52 ± 3.14 266.06 ± 18.46 1079.07 ± 109.65 
CCl4 110.95 ± 7.11## 469.83 ± 24.93## 2171.51 ± 206.39## 
1 mg/kg LCB 

108.80 ± 2.20 419.63 ± 41.88 1958.57 ± 61.03 

5 mg/kg LCB 93.55 ± 0.93* 369.63 ± 26.50 1858.57 ± 132.53** 
25 mg/kg LCB 82.60 ± 1.09** 294.63 ± 18.03** 1583.57 ± 92.41** 

 

##P<0.01 compared with the normal control group, *P<0.05 and **P<0.01 

 
(Figure 1B). Liver sections of the mice administered 
with 1 mg/kg LCB similarly showed hydropic changes 
in centrilobular hepatocytes with cell necrosis 
surrounded by neutrophils, and inflammatory cells 
infiltrating sinusoids mainly in the central zone (Figure 
1C). Liver sections of the mice administered with                 
5 mg/kg LCB showed the absence of necrosis and mild 
inflammatory cells (Figure 1D). The animals 
administered with 25 mg/kg LCB exhibited significant 
liver protection against CCl4-induced liver damage, as 
evidenced by the presence of hepatic cords and the 
absence of inflammatory cells and necrosis (Figure 1E). 
 
The effects of LCB on the protein expression of NF-
κB and p38 in liver tissue 

The protein expression of NF-κB and p38 in liver 
tissue was measured by Western blot and ELISA 
analysis. As shown in Figure 2, compare with control 
group, the increase in NF-κB protein expression was 
more significant in the CCl4 group. Compare with  
 

 
 
Figure 1. Histopathology of liver tissues. (A) Liver section of normal 
control mice, showing normal architecture, (B) liver section of CCl4-
treated mice, showing massive inflammatory cells and cellular 
necrosis, (C) liver section of mice treated with CCl4 and 1 mg/kg LCB, 
showing massive inflammatory cells and cellular necrosis, (D) liver 
section of mice treated with CCl4 and 5 mg/kg LCB, showing absence 
of necrosis and mild inflammatory cells, and (E) liver section of mice 
treated with CCl4 and 25 mg/kg LCB, showing the absence of 
inflammatory cells and absence of necrosis 

CCl4 group, 5 mg/kg and 25 mg/kg of LCB treatment 
significantly decreased the relative levels of NF-κB. 
Compare with control group, the p38 protein 
expression was significantly elevated. However, 5 
mg/kg and 25 mg/kg LCB treatment significantly 
decreased the relative levels of p38. 
 

Discussion 
In this study, LCB could protect the liver in the 

mice model of CCl4-induced liver toxicity through 
decrease in MDA, IL-6, CRP, GSSG, and TNF- levels 
and increase in the SOD and GSH activity. Thus, the 
hepatoprotection of LCB may be attributed to its 
antioxidant and anti-inflammatory activities; in 
addition, p38 and NF-κB may perform an important 
function in the hepatoprotective effect of LCB.  

CCl4 is a well-known hepatotoxic agent, which is 
widely used to induce toxic liver injury and to study 
cellular mechanisms behind oxidative damages in  

 
 

 

Figure 2. (A) p38 MAPK and NF-κB expression in Western blot. (B) 
Expression of NF-κB in liver tissue by Western blot analysis. (C) 
Expression of p38 MAPK in liver tissue by Western blot analysis 
##P<0.01 compared with the control group; * P<0.05, ** P<0.01 
compared with CCl4 group 
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laboratory animals (16). CCl4-induced liver damage 
has been studied in mice and rats, and findings show a 
significant elevation of the serum aminotransferase 
(e.g., AST and ALT) levels (17, 18). CCl4-induced hepatic 
lesions are characterized by coagulation necrosis and 
hepatocyte vacuolation, which is mainly situated in the 
central to middle portion of the hepatic lobules (19). In 
the present study, a significant elevation in the levels of 
serum marker enzymes (e.g., AST and ALT) is observed 
among the animals treated with CCl4. Administration of 
LCB reduced the toxic effect of CCl4 by restoring the 
levels of serum marker enzymes to normalcy. The                 
HE staining demonstrated that LCB pretreatment 
attenuates liver damage in mice upon CCl4 
administration. All these results demonstrate the 
protective effects of LCB on mice liver against CCl4. 

  A widely accepted assumption is that oxidative 
damage is the main causes of CCl4-induced acute 
liver injury. Therefore, anti-oxidative therapy is                  
an effective means of preventing and attenuating 
oxidative stress-related liver diseases (20). 
Antioxidant enzymes, such as SOD and GSH, perform 
important functions in defense mechanisms against 
the harmful effects of ROS and free radicals in 
biological systems. In addition, the increased levels 
of MDA and GSSG in the liver tissue homogenate of 
mice treated with CCl4 reflect lipid peroxidation               
and damage to plasma membrane (21, 22) as 
consequences of oxidative stress. Our previous 
research demonstrated the anti-oxidative effects                
of LCB (14). Based on this information, we 
hypothesize that LCB can attenuate the liver damage 
induced by CCl4. In the present study, we found that 
LCB exhibits unique antioxidant properties in vitro. 
Our results also show that LCB treatment increases 
SOD and GSH levels and decreases MDA and GSSG 
levels back to their normal levels. 

  CCl4 can also indirectly activate the Kupffer cells, 
which mediate the hepatic inflammation process by 
producing certain cytotoxic cytokines (e.g., IL-6 and 
TNF-) (23, 24). The NF-κB and p38 pathways are all 
associated with the production of these 
inflammatory factors in the liver after CCl4 treatment 
(25, 26). To explore the detailed mechanisms 
underlying the protective effect of LCB on 
hepatoprotective activation, we measured the 
expression of two proteins associated with 
inflammation (27). In the present study, the results 
of western blot analysis showed that CCl4 treatment 
enhances p38 and NF-κB expression. However, LCB 
treatment decreases p38 and NF-κB expression. 
Moreover, CCl4-induced liver injury increases CRP, 
IL-6, and TNF- production in the serum, but LCB 
treatment reduces the concentrations of these 
cytokines. Therefore, LCB possibly exerts its anti-
inflammatory effects by inhibiting NF-κB and p38 
expression. 

 

Conclusion  
In this study, LCB exhibited hepatoprotective 

activity in CCl4-induced hepatotoxicity in mice. Apart 
from antioxidative action, LCB may exert an anti-
inflammatory effect by mediating the NF-κB and p38 
pathways. In the future, LCB may be developed as a 
drug with antioxidant, antifibrotic, immunomodulatory, 
antiviral, and regenerative properties for use in human 
liver diseases. 
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