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INTRODUCTION

Liver is the most important detoxification organ, and 
many xenobiotics are metabolized in it. These metabolic 
processes often lead to liver damage in varying degrees, 
which resulted in the internal environment disorders of  

the body. Increasing evidence indicated that oxidative 
stress is a core process for most types of  liver injury.[1,2] 
Therefore, searching for drugs against liver oxidative 
stress, has been part of  the key ways to treat various 
types of  liver injury.

Astragali Radix (AR), which is the dried root of  Astragalus 
membranaceus (Fisch.) Bge.var.mongholicus (Bge.) Hsiao 
or A. membranaceus (Fisch.) Bge.,[3] has a long history of  
medicinal use in traditional Chinese medicines. It has been 
formulated as an ingredient of  herbal mixtures to treat 
patients with deficiency in vitality, which symptomatically 
presents with fatigue, diarrhea and lack of  appetite.[4] It also 
has been used in Chinese medicine for the treatment of  liver 
cirrhosis and fibrosis with an excellent safety record.[5,6] Ca
lycosin‑7‑O‑β‑D‑glucopyranoside [Figure 1] is a natural 
isoflavone, which is one of  the two functional components 
of  AR prescribed in Chinese pharmacopoeia,[3] and its 
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hepatoprotective effect has not been reported. Bifendate 
is a synthetic compound derived from schizandrin C 
(a component of  Fructus Schizandrae) that is used in treatment 
of  various liver diseases such as chronic viral hepatitis, 
chemically or drug induced hepatic injury.[7] And in this 
study, it was used as the positive control drugs.

Because reactive oxygen species (ROS) are direct products 
of  oxidative stress and CYP2E1 is involved in production 
of  ROS,[8] we investigated the hypothesis that CG attenuate 
ROS by inhibiting CYP2E1 expression in oxidative stressed 
BRL‑3A cells. The consequence of  this report support our 
hypothesis and provide novel insights into the mechanisms 
of  the antioxidant effect of  CG.

MATERIALS AND METHODS

General
BRL‑3A immortalized rat hepatocytes were used between 
passages 10 and 20 (cell resource center of  the Shanghai 
Institute for Biological Science, CAS, catalog number: 
GNR 10).

Calycosin‑7‑O‑β‑D‑glucopyranoside was purchased 
from the Chinese National Institute for the Control 
of  Pharmaceutical and Biological Products (Batch 
No.  111920‑201203) .  Th ioace tamide  (TAA) , 
2’,7’‑dichlorodihydrofluorescein diacetate (DCFH‑DA) 
and phenylmethanesulfonyl fluoride (PMSF) were 
purchased from Sigma (USA). DMEM (high glucose) 
medium and trypsin‑ethylenediaminetetraacetic acid 
were purchased from HyClone (USA). Fetal bovine 
serum (FBS) was purchased from GE Healthcare 
Life Sciences (USA). 3‑[4,5‑dimethylthiazol‑2‑yl]‑2,5 
diphenyl‑tetrazolium (MTT) and dimethyl sulfoxide (DMSO) 
were purchased from Solarbio (China). Assay kits for 
aminotransferase and antioxidant enzyme activities 
were purchased from Nanjing Jiancheng Bioengineering 
Institute (China). RNAiso Plus, Primescipt™ RT reagent 
kit and SYBR® Premix Ex Taq™ were purchased from 

Takara (China). RIPA lysis buffer, BCA protein assay, 
and anti‑rabbit IgG‑HRP antibody were purchased from 
Pierce (USA). Nitrocellulose membranes and anti‑CYP2E1 
antibody were purchased from Millipore (USA). 
Anti‑GAPDH antibody was purchased from Cell 
Signaling (USA). The enhanced chemiluminescence (ECL) 
detection kit was purchased from Advansta (China). All 
other chemicals were of  analytical grade and commercially 
available.

Cell cultures and 3‑[4,5‑dimethylthiazol‑2‑yl]‑2,5 
diphenyl‑tetrazolium bioassay
BRL‑3A cells were cultured in DMEM/high glucose 
medium supplemented with 10% heat‑inactivated FBS, 
100 U/mL penicillin and 100 μg/mL streptomycin in a 
water‑saturated atmosphere of  5% CO2 at 37°C. Cells were 
seeded in multi‑well plates or flasks for 24 h.

BRL‑3A cells (2 × 105) were plated in 96‑well culture 
plates in 100 μL of  culture medium and incubated at 37°C 
in humidified 5% CO2. The day after, 100 μL TAA of  
different concentrations (0.06, 0.09, 0.12, 0.15, 0.18, 0.21, 
0.24 mol/L) was added to the cells and 100 μL culture 
medium was added to the control group, then incubated 
for 2 h. Each group has 10 Repetitions. After the treatment, 
cell viability was assessed through MTT assay.[9] Briefly, a 
20 μL of  MTT stock solution (5 mg/mL) was added and 
incubated for 4 h. Then, the supernatants were removed, 
and the formazan crystals in each well were dissolved in 
150 μL of  DMSO for quantification at 570 nm with a 
microplate reader (iMark, Bio‑Rad, USA). The cell viability 
was expressed as a percentage over control.

According to the method above, the cytotoxicity of  CG (5, 
10, 20, 40, 60, 80, 100 mg/L) and bifendate (1, 10, 20, 30, 
40, 50, 60 mg/L) was detected.

Cell grouping and viability
The cells were then divided into six groups to be used 
to generate a negative control group (NCG), a TAA 
groups (TAAG), three CG groups with low, medium and 
high concentration (C1G, C2G and C3G), and a positive 
control group (PCG). All the BRL‑3A cells were seeded in 
6‑well plates at a density of  2 × 104 cells/well.

Cells of  NCG were cultured in normal medium all the 
time. The cells of  TAAG were cultured continually  in 
normal medium for 12 h, the cells of  C1G, C2G and 
C3G were cultured in normal medium supplemented with 
different concentrations of  CG for 12 h, and the cells 
of  PCG were cultured in normal medium supplemented 
with bifendate for 12 h. At last, in all groups except NCG, 
cells were then cultured in normal medium supplemented 

Figure 1: The structure of Calycosin-7-O-β-D-glucopyranoside
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with TAA for 2 h. The cell viability were detected by 
MTT assay.

Determination of aminotransferase
BRL‑3A cells were cultured and treated according to the 
above methods. Then the supernatants were collected 
for determination. Alanine aminotransferase (ALT) and 
aspartate amino transferase (AST) in cell supernatants 
were evaluated according to the method of  Reitman and 
Frankel[10] using ELISA kits supplied by Nanjing Jiancheng 
Bioengineering Institute (China).

Determination of antioxidant profiles and lipid 
peroxidation
BRL‑3A cells were digested with 0.25% trypsin, and 
then broken with an ultrasonic welder (VCX130, Sonics 
and Materials, USA). And the antioxidant profiles and 
lipid peroxidation in the supernatant were determined 
using assay kits according to the manufacturer’s 
protocol (Nanjing Jiancheng Institute of  Biotechnology, 
Nanjing, China).

Coomassie blue protein binding method[11] was used to 
determine the protein concentrations using bovine serum 
albumin as a standard. The analyses of  total antioxidant 
capacity (T‑AOC) levels, malondialdehyde (MDA) and 
total SOD (T‑SOD), glutathione peroxidase (GSH‑Px) and 
catalase (CAT) activities were carried out with a UV‑Vis 
spectrophotometer (UV1240, Shimadzu, Japan).

The ferric reducing ability power assay[12] was applied to 
determine the T‑AOC in cells. One unit of  T‑AOC was 
equal to 0.01 increases in absorbance of  the reaction 
mixture at 520 nm/mg protein per minute under 37°C 
incubation and the T‑AOC was expressed as U/mg 
protein. Thiobarbituric acid reaction method[13] was used to 
determine MDA and the absorbance were read at 530 nm. 
The MDA content was expressed as nmol/mg protein.

The xanthine oxidase method was used in determining 
T‑SOD activity.[14] One unit is defined as the amount 
of  enzyme needed to exhibit 50% dismutation of  the 
superoxide radical, and enzymatic activity was expressed 
as U/mg protein.

The rate of  enzyme‑catalyzed oxidation of  GSH per minute 
assay was applied to determine the activity of  GSH‑Px[15] 
and the absorbance was read at 412 nm. The final result 
was expressed as a decrease of  1.0 μM GSH per 5 min at 
37°C after the nonenzymatic reaction was subtracted, and 
data was expressed as U/mg protein.

The decomposition of  H2O2 method was used to determine 
the CAT activity[16] and the absorbance was read at 405 nm. 

One unit of  CAT activity was defined as the amount of  
CAT required to decompose 1 μmol H2O2 per second, and 
data was expressed as U/mg protein.

Measurement of reactive oxygen species production
The level of  intracellular ROS was photographed and 
quantified by fluorescence with oxidation sensitive dye 
DCFH‑DA[17] in 6‑well plates. After the treatment, 
cells growing at confluency were labeled with 10 μM 
DCFH‑DA in serum‑free culture medium DMEM 
and incubated for 20 min in a CO2 incubator at 37°C. 
Nonfluorescent DCFH‑DA dye, freely penetrated into 
cells and got hydrolyzed by intracellular esterase to 
DCFH, then trapped inside the cells. After washing the 
cells with PBS for three times, cells were collected by 
trypsinization. Then, the cells were suspended in PBS 
in order to take photos with an inverted fluorescence 
microscope (XD‑202, Jiangnan Yongxin, China) and 
to assess fluorescence at an excitation wavelength of  
488 nm and a emission wavelength of  525 nm with a flow 
cytometry (FACS Canto II, BD, USA).

Real‑time polymerase chain reaction analysis of 
CYP2E1
Total RNA was obtained from treated BRL‑3A cells 
with RNAiso Plus according to the instruction of  the 
manufacturer. The quality and quantity of  total RNA 
samples was determined using spectroscopic measurements 
at 260 and 280 nm. Samples used for subsequent studies 
had A260/A280 ratios >1.8. The integrity of  total RNA was 
checked by 1% agarose gel electrophoresis, and 28S, 18S, 
and 5.8S rRNAs were visualized after staining.[18] 2 μL RNA 
was used in a 20 μL reaction mixture utilizing  Primescipt™ 

RT reagent kit  according to the supplier’s instructions. 
The primers used in these studies are shown in Table 1. 
Gene expression levels were measured by real‑time PCR 
on a CFX96 real‑time PCR system (Bio‑Rad, USA). 
Reactions were performed in a final volume of  25 μL that 
contained 12.5 μL mix, 2 μL cDNA, 0.5 μL each of  specific 
oligonucleotide primer (10 μM), and 9.5 μL DEPC‑treated 
autoclaved distilled water. The cycling parameters were 
carried out using initial denaturation at 95°C for 10 min, 
followed by 40 cycles of  denaturation at 95°C for 25 s, 
annealing at 55°C for 30 s, extension at 72°C for 50 s and 
final extension at 72°C for 10 min. The 2−ΔΔCt method was 

Table 1: Primer sequences and the fragment size
Target 
gene

Primer sequences (5’-3’) Fragment 
size

CYP2E1 F: TCTGCTCCTGTCTGCTATTCTG 100 bp
R: GATACTGCCAAAGCCAACTGT

β‑actin F: GAGACCTTCAACACCCCAGCC 263 bp
R: AATGTCACGCACGATTTCCC
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used to calculate the expression levels of  CYP2E1 mRNA 
relative to the internal control.[19]

Western blot analysis of CYP2E1
Treated BRL‑3A cells were washed in PBS and scrapped 
into 30 μL RIPA lysis buffer, which contained 0.1 mM 
PMSF. Protein content was determined using the BCA 
protein assay kit. Proteins were subjected to SDS‑PAGE 
and then transferred onto 0.45 μm nitrocellulose 
membrane. After blocking with 5% (w/v) skimmed milk 
solution for 1 h at room temperature to reduce nonspecific 
binding, the membranes were applied with antibodies 
against CYP2E1 (1:1000) and GAPDH (1:1000) overnight 
at 4°C, and followed by incubation with anti‑rabbit 
IgG‑HRP antibody (1:8000) for 1 h at room temperature, 
the antibodies were all diluted in 5% (w/v) skimmed milk 
solution. ECL western blotting substrate was used as the 
chemiluminescent substrate. The blot was developed using 
Kodak films and with intensifying screen.[18] The images 
were subjected to densitometry analysis using Gel Doc™ 
XR + System (Bio‑Rad, USA).

Statistical analysis
All data were described as mean ± standard error of  the 
mean of  multiple independent experiments. Statistics were 

analyzed using one‑way ANOVA followed by multiple 
comparisons with Dunnett’s test (SPSS software). P < 0.05 
or P < 0.01 was used to denote as statistically significant 
or statistically very significant, respectively.

RESULTS AND DISCUSSIONS

Cell viability was measured using the MTT assay and was 
shown to decrease in a concentration‑dependent manner, 
treated by TAA for 2 h. Viability of  BRL‑3A cells was 
significantly reduced to 52.0% ± 2.2% at the concentration 
of  0.18 mol/L [Figure 2a]. This concentration of  TAA 
was chosen to establish BRL‑3A cells oxidative stress 
model, respectively. Cytotoxicity for different doses of  
CG (5, 10, 20, 40, 60, 80, 100 mg/L) and Bifendate (1, 10, 
20, 30, 40 mg/L) was assessed. There was no sign of  
cytotoxicity was observed in any CG group, however, cell 
viability was significantly reduced to 77.89 ± 3.9% at the 
bifendate concentration of  50 mg/L compared to the 
untreated control (P < 0.01) [Figure 2b and c]. The effects 
of  different doses of  CG on the viability of  oxidative 
stressed cells were examined, as shown in Figure 2b. Cell 
viability increased as CG concentration increased, and 
the maximal proliferation was observed when the CG 
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concentration was 40 mg/L, while proliferation remained 
unchanged when the CG concentration was greater than 
60 mg/L. Therefore, CG concentrations of  10 mg/L, 
20 mg/L and 40 mg/L were selected for C1G, C2G and 
C3G, and the bifendate concentration of  40 mg/L was 
selected for PCG to do the following tests.

Both ALT and AST in TAAG that received 0.18 mol/L TAA 
treatment for 2 h showed significantly increase (P < 0.01), 
which indicated cell damage. Both ALT and AST in 
different CG groups and positive control group showed 
significantly decrease (P < 0.01), which indicated CG or 
bifendate all could reduce the aminotransferase activities of  
the oxidative stress cells. Both ALT and AST in C1G and 
C2G were significantly higher than PCG (P < 0.01), while 
in C3G they were significantly higher than PCG (P < 0.05). 
The results indicated that effect of  bifendate was best in 
terms of  reducing aminotransferase while it of  C3G was 
nearest to PCG [Figure 3].

The treatment with TAA induced the amount of  
MDA as compared to negative control (NCG) as clear 
from Figure 4a. Compared to TAAG, both CG and 
bifendate were effective in reducing the amount of  
MDA (P < 0.01), meanwhile, the medium and high doses 
of  CG had a better effect than bifendate (P < 0.05). 
Compared with NCG, T‑AOC in TAAG was significantly 
decreased (P < 0.01), while it was improved in three doses 
of  CG groups in a dose‑dependent manner. As a result, 
T‑AOC in C2G and C3G were significantly higher than it 
in PCG (P < 0.01) [Figure 4b]. It was found that the activity 
of  SOD in TAAG was significantly decreased compared 

Figure 3: Effect of calycosin-7-O-β-D–glucopyranoside for transaminase 
activities in BRL-3A cell supernatants. Values are expressed as mean 
± standard error of the mean, while n = 3. *P < 0.05 compared to TAA 
groups (TAAG). **P < 0.01 compared to TAAG. #P < 0.05 compared 
to PCG. ##P < 0.01 compared to PCG

Figure 4: Effect of calycosin-7-O-β-D-glucopyranoside for antioxidant profiles and lipid peroxidation in BRL-3A cell. Values are expressed as 
Mean ± standard error of the mean, while n = 3. *P < 0.05 compared to TAA group (TAAG). **P < 0.01 compared to TAAG. #P < 0.05 compared 
to PCG. ##P < 0.01 compared to PCG. (a) Effect of Calycosin-7-O-β-D-glucopyranoside (CG) for malondialdehyde in BRL-3A cells. (b) Effect 
of CG for total antioxidant capacity in BRL-3A cells. (c) Effect of CG for superoxide dismutase in BRL-3A cells. D. Effect of CG for glutathione 
peroxidase in BRL-3A cells. (e) Effect of CG for catalase in BRL-3A cells
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with NCG (P < 0.01), and it in both CG groups and 
PCG was all significantly increased (P < 0.01). However, 
the effects of  three doses of  CG had no significantly 
different with bifendate (P > 0.05) [Figure 4c]. As shown 
in Figure 4d, the activity of  GSH‑Px in TAAG was 
significantly decreased compared with NCG (P < 0.01), 
meanwhile, both CG and bifendate had the abilities 
to make the dropped GSH‑Px activity increased 
significantly again (P < 0.01), and C3G was higher than 
PCG (P < 0.01). Compared with NCG, the activity of  
CAT in TAAG was significantly decreased (P < 0.01), 
while it ascended in three doses of  CG groups in a 
dose‑dependent manner, and C3G was higher than 
PCG (P < 0.01) [Figure 4e].

Compared to NCG, the fluorescent signals generated 
with DCF‑DA in TAAG were increased significantly with 
the observed period, while they were decreased in three 
doses of  CG groups and bifendate group [Figure 5a]. 
Flow cytometry test results confirmed the observations 
from the fluorescence microscope [Figure 5b]. The 

maximum ROS levels were found in TAAG, which was 
4.87 times higher than that in NCG. However, compared 
to TAAG, ROS levels were decreased in three doses of  
CG groups and bifendate group, but the data showed 
no significantly different between the four experimental 
groups (P > 0.05) [Figure 5c].

To assess the expression of  CYP2E1 mRNA and 
protein, real‑time PCR and western blot analysis were 
performed using total RNA and protein isolated from 
the BRL‑3A cells. As shown in Figure 6a, compared 
with NCG, the mRNA expression level of  CYP2E1 
in TAAG was significantly increased to 2.26 times, 
while they in three doses of  CG groups and bifendate 
group were significantly decreased (P < 0.01, compared 
with TAAG). Almost no differences were observed 
between C2G, C3G and PCG, which suggested both 
CG and bifendate could down regulate CYP2E1 gene 
expression in oxidative stress BRL‑3A cells, and the 
medium and high doses of  CG had an equivalent effect 
to bifendate (P > 0.05).

Figure 5: Effects of Calycosin-7-O-β-D-glucopyranoside on intracellular reactive oxygen species (ROS) production against oxidative stress of 
BRL-3A cell induced by thioacetamide. Values are expressed as mean ± standard error of the mean, while n = 3. *P < 0.05 compared to TAA 
group (TAAG). **P < 0.01 compared to TAAG. #P < 0.05 compared to PCG. ##P < 0.01 compared to PCG. (a) Representative images of ROS 
generation probed with dichlorofluorescein diacetate (DCF-DA) were obtained by fluorescence microscope. (b) ROS generation probed with 
dichlorofluorescein diacetate (DCF-DA) was obtained by flow cytometry. (c) Effect of Calycosin-7-O-β-D-glucopyranoside for ROS generation in 
BRL-3A cells analysed from flow cytometry images
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The Western blot for CYP2E1 showed a similar result to 
the real‑time PCR analysis, which was shown in Figure 6b. 
Compared with NCG, the protein expression level of  
CYP2E1 in TAAG was significantly increased to 6.23 times. 
While CG could down regulate the increased CYP2E1 
protein levels in a dose‑dependent manner, and high dose 
of  CG had an equivalent effect to bifendate.

Liver plays the main role in the metabolism of  different 
nutrients, such as carbohydrates, proteins, and lipids; in 
addition, it shares in clearance of  waste products resulting 
from metabolism and elimination of  exogenous drugs and 
other xenobioc.[20] Currently, liver cells models in vitro for 
oxidative damage are mainly stellate Cell[21] or embryonic 
liver cell line.[22] However, these models cannot reflect the 
variation of  metabolism in the liver precisely, because the 
main cell type that constitutes liver is parenchymal cells. 
The BRL 3A immortal rat liver cell line, which is a kind 
of  parenchymal cells, is selected in the present study as a 
convenient in vitro model to assess nanocellular toxicity. 
This cell line has been well characterized for its relevance 
to toxicity models.[23] Aim of  this study is to investigate the 
effects and mechanism for CG protecting BRL‑3A cells 
undergone oxidative stress.

Thioacetamide is well‑known to induce both acute 
and chronic hepatic failure,[24‑26] and is widely applied 
to develop animal models of  centrilobular necrosis in 
the liver,[27,28] cirrhosis in rats,[29] fibrosis[30] and hepatic 
encephalopathy.[31] TAA is metabolized in the liver 
by flavin containing monozygenase (mixed function 
oxidase system) and finally becomes TAA‑S‑oxide 
metabolite (TASO).[32] TASO is subsequently transformed 
into TAA S, S‑dioxide with or without being further 
oxidized to form species that exert their toxic effect 
on several organs, including plasma, liver, kidney, bone 
marrow, adrenals, and other tissues. TAA undergoes an 
extensive metabolism to acetate, and it is finally excreted 
through the urine within 24 h.[33] It was described that 

the mechanism of  TAA hepatotoxicity may be that TAA 
acts as creator of  ROS leading to lipid peroxidation, 
oxidation of  cellular proteins and extensive mitochondrial 
DNA strand breakage, thus inducing impairment of  
mitochondrial protein synthesis.[34]

It is well recognized that cellular antioxdant enzymes, 
which can restrict production of  ROS are essential with 
regards to defending the liver cells from toxin‑induced 
damage. Meanwhile, lipid peroxidation has an important 
role in the etiology of  injury caused by oxidative stress, 
as lipids are an important part of  biological membranes 
and due to the presence of  double bonds are susceptible 
to the attack of  ROS.[35] Whereas, various plant 
components were found to increase the endogenous 
anti‑oxidant enzymes SOD, CAT and GSH‑Px and 
inhibit lipid peroxidation under oxidative stress.[36,37] 
And some components of  Astragalus also had the similar 
effect.[38] However, as another major medicinal ingredient 
in Astragalus, it is not yet clear that whether CG had 
these effects.

This research revealed that TAA triggered ROS 
overproduction and decreased the cellular T‑AOC and 
anti‑oxidant enzymes SOD, CAT and GSH‑Px, meanwhile 
increased the MDA in the BRL‑3A cells. The data further 
showed that T‑AOC, SOD, CAT and GSH‑Px depletion 
due to TAA was recovered and the elevated level of  MDA 
was also reduced when the damaged cells were treated with 
CG [Figure 4]. Moreover, the test results indicated that 
CG had the effect to reduce the high ROS levels directly 
caused by TAA [Figure 5]. Parallel findings were consistent 
with our study, which showed that Curcuma longa possessed 
protective effect against TAA.[39]

Lately, it is found that TAA is metabolized by CYP2E1 
enzymes in liver microsomes and is transformed to ROS.[40] 
However, there are only a few in vivo studies about the 
effect of  CYP2E1 on oxidative stress induced by TAA 

Figure 6: Effects of Calycosin-7-O-β-D-glucopyranoside on CYP2E1 expression against oxidative stress of BRL-3A cell induced by thioacetamide. 
Values are expressed as mean ± standard error of the mean, while n = 3. *P < 0.05 compared to TAA group (TAAG). **P < 0.01 compared to 
TAAG. #P < 0.05 compared to PCG. ##P < 0.01 compared to PCG. (a) Result of real-time PCR assay, (b) Western blot assay
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and little is known about the in vitro effects. Therefore, 
it is important to determine the influence of  CG on 
CYP2E1 in vitro, especially in liver parenchymal cells. In 
this study, the mRNA and protein expression level of  
CYP2E1 in BRL‑3A cells were measured, and both of  
them were significantly increased with TAA treatment, and 
were recovered when the injured cells were treated with 
CG [Figure 6]. The inhibiting effect of  CG to CYP2E1 
may be one of  the significant factors in hepatoprotective 
activity by inhibiting the metabolism of  TAA and blocking 
the release of  ROS that is responsible for inducing damage 
of  hepatocytes.
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