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Abstract. The aims of the present study were to examine 
the hepatoprotective effect of Scutellaria baicalensis 
Georgi extract (Scutellariae Radix extract; SRE) against 
acute alcohol-induced liver injury in mice, and investigate 
the mechanism of endoplasmic reticulum (ER) stress. High 
performance liquid chromatography was used for the phyto-
chemical analysis of SRE. Animals were administered orally 
with 50% alcohol (12 ml/kg) 4 h following administration 
of doses of SRE every day for 14 days, with the exception of 
normal control group. The protective effect was investigated 
by measuring the levels of aspartate transaminase (AST), 
alanine transferase (ALT) and triglyceride (TG) in the serum, 
and the levels of glutathione (GSH) and malondialdehyde 
(MDA) in liver tissues. The levels of glucose-related protein 78 
(GRP78) were detected using immunohistochemical localiza-
tion and an enzyme-linked immunosorbent assay. Hepatocyte 
apoptosis was assessed using terminal-deoxynucleoitidyl 
transferase mediated nick end labeling. The SRE contained 
31.2% baicalin. Pretreatment with SRE had a marked protec-
tive effect by reversing the levels of biochemical markers and 
levels of GRP78 in a dose-dependent manner. The results of 
the present study demonstrated that pretreatment with SRE 
exerted a marked hepatoprotective effect by downregulating 
the expression of GRP78, which is a marker of ER stress.

Introduction

Alcoholic liver disease (ALD), caused by long-term alcohol 
consumption, is the broad term used to identify a number of 
alcohol-associated health problems, including mild alcoholic 
liver injury, alcoholic fatty liver, alcoholic hepatitis, alcoholic 
hepatic fibrosis (fatty liver) and alcoholic cirrhosis (1). The 
pathogenesis of the disease is complex, multifactorial and 
remains to be fully elucidated. Previous studies have found 
that endoplasmic reticulum (ER) stress, (ERS) which medi-
ates liver cell apoptosis, is important in several liver diseases, 
including those associated with alcohol consumption (2-4).

The ER is one of the important organelles in the eukary-
otic cell, which is responsible for protein synthesis, folding, 
assembly, transportation, lipid synthesis and calcium 
storage (5). Furthermore, when any of these processes are 
disrupted, it causes an accumulation of unfolded or misfolded 
proteins in the ER, and the cells trigger a stress response in the 
ER, known as the unfolded protein response (UPR) (6). This 
type of ERS is a self-protective mechanism, and appropriate 
levels are necessary to maintain ER and cellular homeo-
stasis (7). However, severe or prolonged ERS can lead to the 
activation of lipogenesis, inflammation and apoptosis (8). A 
variety of factors can cause ERS, including viruses, oxidative 
stress and high levels of homocysteine (9). Notably, the mecha-
nism of ERS during acute liver injury remains to be fully 
elucidated, rendering the identification of novel pharmacolog-
ical treatment options difficult. Therefore, further examination 
of the association between ERS and ALD is necessary in order 
to develop efficient clinical drugs to treat this disease.

As oxidative stress is one of the predominant causes of 
ERS, it is necessary to screen the antioxidants of plant extracts 
prior to clinical use. Several medicinal plants contain antioxi-
dants, which can be used to remove free radicals and protect 
cells during oxidative stress. Therefore, these types of plants 
may be particularly useful to treat the cellular stress observed 
in patients with ALD (10). One traditional Chinese medicinal 
plant of interest is Scutellariae baicalensis Georgi, known as 
Huang qin in Chinese, which is a perennial herb belonging 
to the Lamiaceae family (11). The peeled and dried root of 
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this plant, known as Scutellariae Radix (SR), has a variety 
of therapeutic uses, and 295 compounds have been isolated 
from this antioxidant‑rich herb to date, including flavonoids, 
phenylethanoid glycosides, and diterpenes among others (12). 
Furthermore, baicalin, which has two adjacent phenolic 
hydroxyl structures, is one of the major flavonoid components 
found in SR (13). The structure of baicalin indicates a high level 
of antioxidant activity, therefore, it may be critical during free 
radical scavenging and other activities involved in protecting 
cells against oxidative damage (14). In addition, SR extract 
(SRE) has been used as a traditional medicine to protect the 
liver during acute and chronic liver injury, including that 
caused by carbon tetrachloride, iron overload, acetyl ammonia 
chemicals and sword bean element A (15-18). However, the 
biological effects of SRE during alcohol-associated liver injury 
remain to be elucidated. In the present study, the effects of SRE 
on acute alcohol-induced liver injury were investigated in mice, 
and the mechanism underlying the protective effects of this and 
similar medicinal plants during ALD-associated ERS were 
investigated, providing theoretical and practical support for the 
development of novel protective therapeutic agents for the liver.

Materials and methods

Chemicals. Ethanol, methanol and acetic acid, of high perfor-
mance liquid chromatography (HPLC) grade, were purchased 
from Nanjing Chemical Reagent Co., Ltd. (Nanjing China). 
Water was prepared using redistilled water equipment (Milli-Q 
Advantage A10; EMD Millipore, Billerica, MA, USA). All 
other chemicals used in the present study were of analytical 
grade and from Nanjing Chemical Reagent Co., Ltd. Mouse 
glutathione (GSH) and malondialdehyde (MDA) kits were 
obtained from Nanjing Jiancheng Bioengineering Institute 
(Nanjing, China). The glucose regulated protein 78 kD 
(Grp78) enzyme-linked immunosorbent assay (ELISA) kit 
was purchased from Suzhou Calvin Biotechnology Co., Ltd. 
(Suzhou, China), the Terminal-deoxynucleoitidyl Transferase 
Mediated Nick End Labeling (TUNEL) kit was purchased 
from Nanjing KeyGEN Biotech Co., Ltd. (Nanjing China). 
Tiopronin was provided by He'nan New Yi Pharmaceutical 
Co., Ltd. (Xinxiang, China). Tunicamycin (TM) was obtained 
from Sigma-Aldrich (St. Louis, MO, USA). Antibody against 
GRP78 was purchased from Santa Cruz Biotechnology, Inc. 
(Dallas, TX, USA; cat. no. sc‑13968). Baicalin with a purity 
of >98% was used for the quantitative analysis of SRE, which 
was purchased from Dalian Meilun Biotech Co., Ltd (Dalian 
China).

Plant materials. Scutellartiae Radix methanol extract was 
provided by the Department of Pharmacy of Bengbu Medical 
College (Bengbu, China).

Analysis of SRE. The standard, baicalin, was used for 
the quantitative analysis of SRE. Baicalin (9.1 mg) and 
Scutellariae Radix extract (10.1 mg), were dissolved in grade 
methanol with a constant volume of 10 ml. The HPLC appa-
ratus (Agilent 1200 Series; Agilent Technologies, Santa Clara, 
CA, USA) was used for analysis. The analytical column was 
a Kromasil C18 column (250x4.6 mm i.d; 5 µm particle size; 
AkzoNobel, Brewster, NY, USA), and the column temperature 

was maintained at 22˚C. The column eluent was monitored 
at ultraviolet 278 nm. The chromatography was performed 
at room temperature with a flow rate of 1.0 ml/min, and a 
20 µl volume was analyzed. The mobile phase comprised 
methanol:water (containing 2% acetic acid) at a ratio of 50:50.

Animals. Male Kunming mice (n=60; weight, 20±2 g; age, 
4-5 weeks) were obtained from the Experimental Animal 
Center of Anhui medical University (Hefei, China). The 
animals were acclimatized for 1 week in standard conditions, 
with a temperature of 22˚C [standard deviation (SD)=2], 
relative humidity of 55% (SD=5%) and a 12/12 h light/dark 
cycle, with access to food and water ad libitum, prior to the 
experiments. All procedures were performed in strict accor-
dance with the Use and Care of Laboratory Animals (National 
Research Council of USA, 1996) (19,20), and the current study 
was approved by the associated ethical regulations of Bengbu 
Medical College.

Acute alcohol‑induced liver injury. The male mice were divided 
into the following six groups, each containing 10 mice: Normal 
control group; model group, group treated with 30 mg/kg 
tiopronin as a positive control; group treated with 40 mg/kg 
SRE; group treated with 80 mg/kg SRE; and group treated 
with 160 mg/kg SRE. The SRE and tiopronin were prepared 
by dissolving the extracts in 0.5% sodium carboxymethyl 
cellulose (CMC-Na; Shanghai Shenguang Food Chemicals 
Co., Ltd., Shanghai, China). The mice in normal control group 
and the model group were provided with equal volumes of 
the 0.5% CMC-Na solution. According to previous associated 
literature with minor adjustments (21-23), the mice were treated 
with the tiopronin (30 mg/kg) or SRE (40, 80 or 160 mg/kg) 
for 14 consecutive days via intragastric administration. At ~4 h 
following each treatment, 50% alcohol (12 ml/kg) was orally 
administered to induce acute alcohol liver injury, whereas the 
mice in the normal (non-alcohol treated) group were orally 
administered with equal volumes of redistilled water.

TM‑induced liver injury. TM is a common drug used to induce 
ERS. In order to further examine the association between the 
protective function of SRE in ERS in the liver, the present 
study also induced TM-induced liver injury in mice. Male 
mice were again divided into six groups (10 mice in each) in 
the aforementioned treatment groups. However, rather than 
alcohol administration following SRE treatment, the mice were 
orally administered with 1 mg/kg TM on the 14th day. Blood 
samples (~1 ml) were collected 16 h following the final treat-
ment by eye removal under ether (Nanjing Chemical Reagent 
Co., Ltd.) anesthesia, and these samples were used to detect the 
following serum biomarkers: Aspartate transaminase (AST), 
alanine transferase (ALT) and triglyceride (TG). All animals 
were subsequently sacrificed by cervical dislocation, and liver 
tissue was isolated for GSH and MDA marker, and histological 
analysis.

Serum biochemical measurements. The aforementioned 
blood samples were centrifuged at 1,125 x g for 15 min at 
room temperature. The levels of AST, ALT and TG in the 
serum samples were detected using an automatic biochemical 
analyzer (Hitachi 7100; Hitachi, Tokyo, Japan).
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Evaluation of hepatic levels of MDA and GSH. In order to 
detect the hepatic lipid per oxidation and antioxidant capacity, 
accurately weighed liver tissue samples (0.3 g) were homog-
enized in nine volumes of physiological saline to obtain 
10% (w/v) homogenates. The homogenates were then centri-
fuged at 2,500 x g, for 15 min at 4˚C and the supernatants were 
obtained, which were used for the assessment of MDA and 
GSH. Corresponding kits (Nanjing Jiancheng Bioengineering 
Institute) were used, according to the manufacturer's protocols.

Histopathological observation. Small sections of liver tissues 
were removed from the edges of the left liver lobe (0.5 cm) 
and fixed with 10% formaldehyde (BioSharp, Hefei, China). 
Following routine dehydration, transparency and paraffin 
embedding (Shanghai Yuanye Bio‑Technology Co., Ltd., 
Shanghai, China), the sections (5 µm thick) were stained 
with hematoxylin and eosin (H&E; Nanjing Jiancheng 
Bioengineering Institute), and the histomorphology was 
observed under a light microscope (Olympus CX21; Olympus 
Corporation, Tokyo, Japan).

ELISA. The reagents were provided in the Grp78 ELISA kit, 
and standard wells and testing sample wells were used. The kits 
were used according to the manufacturer's protocols. The stan-
dard (50 µl) was added to the standard well. The mouse serum 
testing sample (10 µl) and sample diluent (40 µl) were added 
to the testing sample well. A blank well, with no additions, 
was included. HRP-conjugate reagent (100 µl) was then added 
to each well, covered with an adhesive strip and incubated for 
60 min at 37˚C. Each well was aspirated and washed, which 
was repeated four times for a total of five washes. Washing 
was performed by filling each well with wash solution (400 µl) 
using a squirt bottle, manifold dispenser or auto-washer. The 
complete removal of liquid at each step is essential for optimal 
performance. Following the final wash, any remaining wash 
solution was removed by aspirating or decanting. The plate was 
inverted and blotted against clean paper towels. Chromogen 
solution A (50 µl) and chromogen solution B (50 µl) were 
added to each well, gently mixed and incubated for 15 min 
at 37˚C in the dark. Stop solution (50 µl) was then added to 

each well. The color in the wells are expected to change from 
blue to yellow. If the color in the wells is green or the color 
change does not appear uniform, the plate is tapped gently to 
ensure thorough mixing. The optical density (OD) at 450 nm 
was measured using a microplate reader (Synergy HT; Bio‑Tek 
Instruments, Inc. Winooski, VT, USA) within 15 min.

Immunohistochemical assessment. In order to observe the 
dynamic changes in GRP78 distribution mice with acute 
liver injury, liver samples were paraffin‑embedded and slices 
(5 µm thick) were prepared using a microtome (CM1950; 
Leica Microsystems GmbH, Wetzlar, Germany). Following 
dewaxing and hydration, antigen retrieval was conducted. The 
sections were immersed in 0.01 mol/l citrate salt buffer (pH 
7.0; Beijing Zhongshan Golden Bridge Biotechnology Co., 
Ltd., Beijing, China). The sections were then heated four times 
in a microwave oven for 6 min each time and then soaked in 
a 3% (v/v) hydrogen peroxide solution (Nanjing Jiancheng 
Bioengineering Institute) for 30 min to block endogenous 
peroxidase activity. Following washing of the sections with 
phosphate‑buffered saline (PBS) three times for 5 min, rabbit 
serum was added to block any nonspecific binding sites. 
Subsequently, the slices were incubated with monoclonal 
rabbit anti-mouse GRP78 antibody (1:100) at room tempera-
ture overnight. Following washing with PBS, the slices were 
incubated with monoclonal biotinylated goat anti-rabbit IgG 
(1:50; BioSharp) for 30 min 37˚C, and were visualized using 
diaminobenzidine (DAB; Nanjing Jiancheng Bioengineering 
Institute). The cell nuclei were then stained using hematoxylin, 
and the sections underwent gradient alcohol dehydration 
and xylene (BioSharp) transparency prior to mounting. The 
liver sections were then observed under a light microscope 
(Olympus Corporation).

Terminal‑deoxynucleotidyl transferase mediated nick end 
labeling (TUNEL). In order to identify apoptotic cells, TUNEL 
was performed on the dewaxed, hydrated, transparent liver 
sections (5 µm thick) using TUNEL reaction mixture (Shanghai 
Beyotime Institute of Biotechnology, Shanghai, China) at 37˚C 
for 1 h. The slices were then immersed in 2X saline sodium 

Figure 1. Chromatograms of (A) baicalin standard and (B) Scutellaria baicalensis extracts.

  A

  B
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citrate (Nanjing KeyGEN Biotech Co., Ltd.) for 15 min to 
terminate the reaction. Endogenous peroxidase activity was 
also blocked in the slices, and they were then stained with DAB 
and hematoxylin. The sections were then washed with ddH2O 
for 6 min, rehydrated with a gradient of ethanol and soaked in 
xylene. Following mounting, the sections were observed under a 
light microscope (Olympus Corporation).

Statistical analysis. All experiments were repeated at least 
three times. Data are expressed as the mean ± SD. The differ-
ence of data between groups was analyzed by the two-tailed 
Student's t‑test and one-way analysis of variance using SPSS 
17.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

HPLC profiles of SRE. Baicalin is one of the primary active 
ingredients of Scutellaria baicalensis Georgi. Baicalin is a 
quality control indicator in several traditional Chinese medi-
cine preparations that contain Scutellaria baicalensis Georgi. 
The present study analyzed the primary ingredient of SRE by 
HPLC, and the peak area in the chromatogram (Fig. 1) indi-
cated that 100 mg SRE contained ~31.2 mg baicalin.

ERS and the effects of acute alcohol‑induced liver injury in 
mice. The serum levels of ALT and AST are important indica-
tors of liver cell damage (24). The accumulation of fat is also 
a major pathological change observed in ALD, therefore, TG 
was used as a significant liver damage marker in the present 
study (25). As shown in Fig. 2A and B, compared with the 
normal group, the levels of serum ALT, AST and TG were 
increased following the administration of alcohol for the 
14 days (all P<0.01). MDA is an end product of lipid peroxida-
tion, which has potent biological toxicity and can seriously 
damage the structure of the cell membrane, leading to cell 
swelling and necrosis (26). The level of MDA directly reflects 
the degree of organ oxidative damage. As shown in Fig. 2C, 
compared with the normal group, the levels of hepatic MDA 
were significantly increased in the alcohol-induced injury 
group (P<0.01). Furthermore, the levels of GSH, an endogenous 
oxygen free radical scavenger (27) were examined. Compared 
with the normal group, the levels of GSH were decreased in 
the alcohol-induced injury group (P<0.01; Fig. 2C). On obser-
vation with the naked eye, the livers isolated from mice in the 
control group were bright red with sharp edges and a glossy 
surface (Fig. 2D). However, the livers isolated from the mice 
in the alcohol-injured group had reduced luster and elasticity. 
The liver volume and capsular tension increased gradually, 
which were in accordance with the results of the biochemical 
analysis described above. Observed under a light microscope, 
the liver lobular structures were clear, and hepatocytes were 
arranged regularly in the control mice. Apparent damage was 
inspected in the alcohol-injured group, which had large areas 
of cell necrosis, mass inflammatory cell infiltration and fat 
vacuolization in the liver cells (Fig. 2E).

Effects of acute alcohol‑induced ERS in mice. GRP78 is 
a well-known marker of ERS. To investigate the effects 
of acute alcohol-induced ERS in the mice, ELISA and 

immunohistochemistry were used for the determination of 
ERS. A single dose of alcohol administration significantly 
increased the level of serum GRP78 in the ELISA (P<0.01) 

Figure 2. Effects of alcohol-induced liver injury. Serum levels of (A) ALT 
and AST, and (B) TG in mice with acute alcohol‑induced liver injury. 
(C) Levels of MDA and GSH in the livers of mice with acute alcohol-induced 
liver injury. Values are presented as the mean ± standard deviation (n=10). 
##P<0.01, compared with the control group. (D) Comparison of liver tissue 
appearance: (a) normal control; (b) acute alcohol-injury. (E) Histological 
examination of acute alcohol-induced liver injury in mice (hematoxylin and 
eosin staining; magnification, x400). (a) Normal control group; (b) acute 
alcohol-injured group. AST, aspartate transaminase ALT, alanine trans-
ferase; TG, triglyceride; GSH, glutathione; MDA, malondialdehyde.

  A

  B

  C

  D

  E
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and in the hepatocytes, determined by immunohistochemistry 
(Fig. 3A and B). As shown in Fig. 3C, compared with the 
normal control group, the number of TUNEL-positive cells 
were elevated in the mice following the administration of 
alcohol. The above results suggested that ERS is important in 
alcohol-induced liver injury in mice, which mediated liver cell 
apoptosis.

Effects of SRE pretreatment on acute alcohol‑induced liver 
injury in mice. As shown in Fig. 4A and B, compared with 
the normal group, the levels of serum ALT, AST and TG 
were all increased following administration of alcohol, on the 
14th day of treatment. Pretreatment with 80 and 160 mg/kg 
SRE significantly inhibited the increases in ALT, AST and 
TG (P<0.05 and P<0.01, respectively) in a dose-dependent 
manner. Tiopronin pretreatment also exerted an analogous 
effect against acute alcohol liver injury mice by reducing the 
elevations of ALT, AST and TG (P<0.01; Fig. 4A). As shown in 
Fig. 4C, compared with the normal group, the levels of hepatic 
MDA significantly increased in the alcohol-injured group 
(P<0.01). However, the tissue concentrations of MDA were 
decreased significantly, in a dose‑dependent manner, following 
pretreating with 40, 80 or 160 mg/kg SRE (all P<0.01). 

Furthermore, the levels of GSH, an endogenous oxygen free 
radical scavenger were examined. Compared with the normal 
group, the levels of GSH were decreased in the alcohol-injured 
group (P<0.01). The concentrations of GSH in the liver were 
increased following treatment with 80 (P<0.05) and 160 mg/kg 
SRE (P<0.01) and 30 mg/kg tiopronin (P<0.01). On observa-
tion under a light microscope, the liver lobular structures were 
clear and hepatocytes were arranged regularly in the control 
mice. Apparent damage was observed in the alcohol-injured 
group, which had large areas of cell necrosis, mass inflam-
matory cell infiltration and fat vacuolization in the liver cells 
(Fig. 5A). These histopathological changes were reduced in the 
SRE-treated mice, in a dose-dependent manner. Furthermore, 
the highest dose of SRE improved the hepatic injury to a level 
similar to the effect observed in the tiopronin group.

SRE has a protective effect on acute alcohol‑induced liver 
injury in mice by reducing ERS. The present study detected 
GRP78 in mice using ELISA and immunohistochemical exami-
nation. The serum levels of GRP78 were investigated using 
ELISA (Fig. 5B). Compared with the normal group, GRP78 
was elevated significantly in the mice treated with alcohol alone 
(P<0.01), whereas pretreatment with SRE (80 or 160 mg/kg) 
reduced this increase significantly (P<0.05 and P<0.01, respec-
tively). For a comprehensive assessment of the effects of SRE 
against alcohol-induced acute liver injury, the present study also 
observed trace quantities of GRP78 in the normal control group 
(Fig. 5C), whereas this expression was enhanced in the alcohol 
group. Following pretreatment with SRE (40, 80 or 160 mg/kg), 
the expression levels of GRP78 decreased in a dose-dependent 
manner. These results suggested that SRE protected against 
acute alcohol-induced liver injury by downregulating GRP78. 
The TUNEL technique was used to observe changes in liver 
cell apoptosis in acute alcohol-induced liver injury in mice 
following SRE pretreatment. As shown in Fig. 5D, the number 
of TUNEL-positive cells were elevated in the mice following 
the administration of alcohol, whereas SRE pretreatment mark-
edly inhibited the alcohol-induced increase in apoptosis, in a 
dose-dependent manner.

Effects of SRE pretreatment on acute TM‑induced liver injury 
in mice. To confirm the protective effects of SRE on acute 
alcohol-induced liver injury, and further examine the involved 
mechanism, the present study also examined the effects of this 
extract on acute TM-induced liver injury. The results revealed 
that SRE decreased the serum concentrations of ALT, AST 
and TG (Fig. 6A and B), as well as the tissue levels of MDA 
(Fig. 6C), compared with the untreated TM-induced model 
group. Histological examination revealed that pretreatment 
with SRE also alleviated the central vein necrosis, hepato-
cyte lesions and inflammatory infiltrates observed in the 
TM-induced mice (Fig. 7A). The protein concentrations of 
GRP78 (Fig. 7B and C) also increased in the TM‑induced 
mice, which were notably decreased in the groups pretreated 
with SRE. Finally, similar to the alcohol-induced liver injury, 
TUNEL staining of the TM-induced samples indicated that 
the level of apoptosis was increased (Fig. 7D). However, 
pretreatment with SRE was again observed to limit these 
levels, suggesting that the effects of SRE on TM-induced ERS 
mimicked those observed during alcohol-induced liver injury.

Figure 3. (A) Enzyme-linked immunosorbent assay for the protein level of 
GRP78 in acute alcohol-induced liver injury in mice. Values are presented as 
the mean ± standard deviation (n=10). ##P<0.01, compared with the control 
group. (B) Distribution of hepatic GRP78 in acute alcohol‑induced liver 
injury in mice (magnification, x400). (a) normal control group; (b) acute 
alcohol-injured group. (C) Hepatic apoptosis in alcohol-induced acute liver 
injury in mice using terminal-deoxynucleoitidyl transferase mediated nick 
end labeling (magnification, x400). (a) normal control group; (b) acute 
alcohol-injured group. GRP78, glucose-related protein 78.

  A
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  a   b

  a   b

  C
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Discussion

The incidence of ALD is gradually increasing yearly, indi-
cating how relatively small changes in lifestyle and diet 
can result in serious health and social development issues. 
However, the pathogenesis of ALD is complex and remains 
to be fully elucidated. The upregulation of ERS-associated 
signaling pathways likely indicates that apoptosis is also 
involved in alcohol-induced liver injury (28). The ER is an 
important net-like apparatus in cells, which functions to fold 
proteins, synthesize lipids and release calcium. The disruption 
of these physiological ER functions by oxidative stress, nutri-
tional deficiency, viruses or free radicals, increases the number 

of unfolded proteins in the ER lumen, triggering the UPR (29). 
The UPR is a type of protective stress reaction of eukaryotic 
cells. When the number of unfolded proteins in the ER is too 
high, a series of pathological reactions, including fat forma-
tion, inflammation and apoptosis, are activated, which is often 
termed the ERS response (30). ERS can result in the expression 
and activation of sterol regulatory element binding protein and 
cause problems in lipid synthesis, leading to the increase of TG 
biosynthesis and excess fat deposit in the liver (31). It is currently 
hypothesized that, within mammalian cells, GRP78 functions 
to detect the accumulation of misfolded/unfolded proteins in the 
ER lumen, and when these levels exceed a certain threshold, 
GRP78 detaches from the chaperoned proteins and launches 

Figure 4. (A) Effect of SRE on serum levels of ALT and AST in mice with acute alcohol‑induced liver injury. (B) Effect of SRE on serum levels of TG in mice 
with acute alcohol-induced liver injury. (C) Effect of SRE on levels of MDA and GSH in the livers of mice with acute alcohol-induced liver injury. All values 
are presented as the mean ± standard deviation (n=10), ##P<0.01, compared with the control group; **P<0.01 and *P<0.05, compared with the model group. SRE, 
Scutellaria baicalensis Georgi extract; AST, aspartate transaminase ALT, alanine transferase; TG, triglyceride; GSH, glutathione; MDA, malondialdehyde.

  A

  B

  C
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a series of complex reactions. Therefore, GRP78 is a crucial 
marker of ERS (32). This mechanism allows the cells to survive 
and maintain homeostasis. However, when UPR cannot main-
tain cell survival, ERS can result in the upregulation of a series 
of detrimental signaling pathways, including apoptosis (33). 
Therefore, in the present study, GRP78 was selected as an index 

reflecting ERS. The results of the present study demonstrated 
that the levels of serum ALT, AST and TG were increased in 
alcohol-induced injury model group. On observation under a 
light microscope, there were large areas of cell necrosis, mass 
inflammatory cell infiltration and fat vacuolization in the liver 
cells of the model mice livers. The above results suggested 

Figure 5. (A) Hepatoprotective effects of SRE on acute alcohol-induced hepatotoxicity in mice. Liver sections were stained with hematoxylin and 
eosin (magnification, x400). (a) Normal control group; (b) alcohol‑induced group; (c) alcohol group treated with 30 mg/kg tiopronin; (d) alcohol group 
treated with 40 mg/kg SRE; (e) alcohol group treated with 80 mg/kg SRE; (f) alcohol group treated with 160 mg/kg SRE. (B) Effect of SRE on serum 
GRP78 in alcohol-injured mouse livers, determined using enzyme-linked immunosorbent assays. Values are presented as the mean ± standard devia-
tion (n=10). ##P<0.01, compared with the control group; **P<0.01 and *P<0.05, compared with the model group. (C) Effect of SRE on hepatic GRP78 in 
acute alcohol-injured mouse livers by immunohistochemical (magnification, x400). (D) Representative images of hepatic apoptosis in mice with 
alcohol‑induced acute liver injury (terminal‑deoxynucleoitidyl transferase mediated nick end labeling; magnification, x400). (C and D): (a) Normal control;  
(b) alcohol-induced; (c) alcohol group treated with 40 mg/kg SRE; (d) alcohol group treated with 80 mg/kg SRE; (e) alcohol group treated with 160 mg/kg 
SRE, Scutellaria baicalensis Georgi extract; GRP78, glucose-related protein 78.
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  C   D
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  b   a   a

  b  b  c

  d   c   c

  e   d   d
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the successful construction of an alcohol-induced liver injury 
mouse model. Compared with the normal group, the protein 
expression levels of GRP78, determined by immunohisto-
chemical examination and ELISA, were significantly enhanced 
in the alcohol -induced injury group. Compared with the normal 
control group, the number of TUNEL-positive cells was elevated 
in the mice following the administration of alcohol. In conclu-
sion, ERS, which mediated liver cell apoptosis, was involved in 
the physiological and pathological processes of alcohol-induced 
liver injury, as one aspect of the pathogenesis.

There are currently a number of drugs available to treat 
ALD, each with its own distinct effects. However, to date, 

there is no single drug that can halt or reverse this process. 
Thus, more attention has been paid to the pathogenesis of 
ALD, and emphasis has been placed on screening for a reli-
able, curative drug to protect against alcohol-induced liver 
injury by reducing liver cell ERS. Evidence also indicates that 
ALD may cause liver cell apoptosis by inducing ERS with 
high levels of homocysteine and added oxidative stress (34). 
Therefore, it is necessary to screen antioxidants from plant 
extracts prior to clinical use. SR is a commonly used Chinese 
traditional medicine, and reports have also suggested that SR 
has antioxidant properties. However, whether SR can protect 
the liver from alcohol abuse-associated injury has not been 

Figure 6. (A) Effect of SRE on serum levels of ALT and AST levels in acute TM‑induced liver injury in mice. (B) Effect of SRE on serum levels of TG in 
TM-induced liver injury in mice. (C) Effect of SRE on levels of MDA and GSH in the livers of mice with TM-induced liver injury (n=10). All values are pre-
sented as the mean ± standard deviation (n=10).  ##P<0.01, compared with the control group; **P<0.01 and *P<0.05, compared with the model group. Scutellaria 
baicalensis Georgi extract; GRP78, glucose-related protein 78; AST, aspartate transaminase ALT, alanine transferase; TG, triglyceride; GSH, glutathione; 
MDA, malondialdehyde; TM, tunicamycin.
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established. Therefore, in the present study, the hepatopro-
tective effect and underlying molecular mechanism of SRE 
in acute alcohol-induced liver injury were investigated in a 
mouse model.

In the present study, a number of markers were used to 
measure liver function. ALT and AST are usually localized 

in the liver cells, however, during liver injury, these markers 
leak from the damaged cells into the blood (35). The decreases 
in AST and ALT in mice pretreated with SRE provide an 
indication of improved liver function, demonstrating that SRE 
likely stabilizes the cytomembrane and prevents the damage 
of hepatic tissue (36). MDA is the final product of lipid 

Figure 7. (A) Hepatoprotective effects of SRE on TM‑induced hepatotoxicity in mice. Liver sections were stained with hematoxylin and eosin (magnification, 
x400). (a) Normal control group; (b) TM-induced group; (c) TM group treated with 30 mg/kg tiopronin; (d) TM group treated with 40 mg/kg SRE; (e) TM 
group treated with 80 mg/kg SRE; (f) TM group treated with 160 mg/kg SRE. (B) Effect of SRE on serum GRP78 in TM‑injured mouse livers, determined 
using enzyme-linked immunosorbent assays. Values are presented as the mean ± standard deviation (n=10). ##P<0.01, compared with the control group; 
**P<0.01, compared with the model group. (C) Effect of SRE on hepatic GRP78 in TM‑injured mouse livers by immunohistochemical analysis (magnification 
x400). (D) Representative images of hepatic apoptosis in TM-induced acute liver injury in  mice using terminal-deoxynucleoitidyl transferase mediated nick 
end labeling (magnification, x400): (C and D): (a) Normal control group; (b) TM‑induced group; (c) TM group treated with 40 mg/kg SRE; (d) TM group 
treated with 80 mg/kg SRE;  (e) TM group treated with 160 mg/kg SRE. SRE, Scutellaria baicalensis Georgi extract; GRP78, glucose-related protein 78; TM, 
tunicamycin.
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peroxidation, the levels of which indirectly reflect the degree 
of free radical damage. MDA is also an important index of 
liver cell recovery following treatment. By contrast, GSH is 
a scavenger of low molecular weight components, including 
free radicals and lipid peroxide radicals, and is the substrate of 
GSH peroxidase. Therefore, GSH is a direct measure of liver 
antioxidant capacity in the body (37).

Using these markers, the present study found that oxidative 
stress was a primary factor during acute alcohol-induced liver 
injury in mice. Furthermore, the protective abilities of SRE 
were demonstrated, as shown by the decreasing levels of each 
of the serum markers and MDA, and inhibiting the decrease 
of GSH activity. In addition, compared with the liver sections 
from the alcohol-induced injury group, the sections obtained 
from the mice treated with alcohol and SRE had lower levels 
of liver cell swelling, inflammation and fat vacuole formation.

In the present study, compared with the normal group, 
liver tissue isolated from the alcohol group showed patho-
logical damage, and protein levels in the liver were elevated, 
confirming the involvement of ERS in acute alcohol‑induced 
liver injury. These changes, and thus overall ERS, were also 
prevented following SRE treatment. Therefore the results of 
the present study confirmed that the protective effect of SRE 
against alcohol-induced liver injury may occur through the 
maintenance of ER homeostasis and the protection against ERS 
mediated hepatocyte apoptosis. In order to further evaluate 
the effect of SRE in acute alcohol-induced apoptosis, TUNEL 
assays were performed. These results indicated that treatment 
with SRE effectively prevented alcohol-induced DNA damage. 
In addition, a similar protective effect to that of SRE by inhib-
iting ERS was observed in mice with TM-induced injury.

In conclusion, the present study demonstrated that SRE 
exerted a hepatoprotective effect against acute alcohol-induced 
liver injury in mice through the downregulation of GRP78 and 
inhibition of ERS, resulting in regulated blood lipid levels and 
normal levels of apoptosis. However, the complete mechanism 
of SRE in the double-edged function of ERS in protecting 
liver cells requires additional investigation. The results of the 
present study suggest that believe that SRE may be a suitable 
candidate for the pharmacological treatment of ALD and 
warrants further investigation.
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