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ABSTRACT

Original paper

With the advent of a large number of drugs in recent years and the aggravation of human aging, druginduced liver injury is increasing year by year. The protective effect of dandelion extract on
acetaminophen (APAP) - induced drug-induced liver injury in rats and its specific mechanism was
studied by in vitro cell culture. For this aim, twenty healthy SD rats with the same physiological status
were divided into model group and normal group, with 10 rats in each group. The drug-induced liver
injury model was made by intragastric administration of 1 g/kg APAP for 14 days. The liver function
lactate dehydrogenase (LDH), aspartate aminotransferase (AST) and alanine aminotransferase (ALT)
were detected to verify the success of the model. After that, the liver tissues were aseptically isolated
from the normal group and APAP model group, and the primary hepatocytes were cultured. They were
divided into control group (control), liver injury model group (model), medium-dose dandelion extract
group (1mm dlwe) and high dose dandelion extract group (2mm dlwe). The cell proliferation activity
was detected by CCK-8 cell proliferation activity kit. Cell samples were collected at 72 hours to detect
the contents of AST and ALT in cell supernatant. The contents of oxidative stress-activated oxygen
(ROS), reduced glutathione (GSH) and glutathione peroxidase (GSH-Px) were detected by colorimetry,
and the apoptosis was detected by flow cytometry. Inflammatory factors, key genes of liver injury, drug
metabolic enzymes cytochrome P450 2E1 (CYP2E1), mitogen-activated protein kinase (MAPK) and
nuclear transcription factors were detected by RT-PCR- κ B (NF- κ B) P65 signaling pathway-related
gene expression level. Finally, the expression of CYP2E1, MAPK and NF-kB signaling pathways were
analyzed by Western blot. Results showed that Serum ast, ALT and LDH increased (P<0.05),
suggesting that the liver injury model was successful. The hepatocytes in the normal group were oval,
flat, evenly distributed and well adhered to the wall. The liver injury model group had more suspended
cells, pseudopodia, polygonal and poor growth state. The cells in the medium-dose dandelion extract
group (1mm dlwe) and high dose dandelion extract group (2 mm dlwe) adhered well, mostly oval,
similar to the normal group and grew well. CCK8 found that the cells in the model group decreased
significantly, the proliferation activity decreased significantly, the ast, alt, LDH and ROS in the cell
supernatant of the model group increased compared with other groups (P<0.05), and the contents of
GSH and GSH PX decreased (P < 0.05). Apoptotic cells in the model group increased, and TNF in the
model group-α, COX-2, CYP2E1, MAPK, JNK and NF KB p65 increased (P < 0.05). CYP2E1, MAPK
and NF KB p65 increased in the model group (P < 0.05).
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Introduction
The liver is a vital organ that regulates the
synthesis, metabolism, storage and redistribution of
carbohydrates, proteins and lipids (1), and it also plays
an important role in detoxification. During the process
of removing exogenous drugs and toxins, these toxic
substances will cause various liver diseases, including
alcoholic liver injury (2). Acetaminophen (APAP) is
one of the most widely-used analgesic antipyretics in
the world, which is considered as a safe drug at
normal therapeutic doses. However, the overdose of
*Corresponding author. E-mail: hxd@lzu.edu.cn
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APAP is the known cause of acute hepatic necrosis
(3). In the United States and Europe, APAP is
overused usually because it is easily available, and
APAP-induced liver injury is the most common form
of acute liver failure (4). APAP-induced liver injury is
mainly mediated by cytochrome P450. After
hepatotoxicity occurs due to the application of highdose APAP, the level of glutathione (GSH) in the liver
will decline. According to existing data, mitochondrial
dysfunction may be one of the important mechanisms
of APAP-induced hepatotoxicity (5). The overdose of
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APAP produces excessive N-acetyl-p-benzoquinone
imine (NAPQI) to deplete GSH and bind to cellular
proteins, triggering the injury process and ultimately
leading to necrosis of hepatocytes (6). Nacetylcysteine (NAC) has always been the main
antidote to APAP poisoning. NAC offers cysteine as
the precursor for GSH synthesis, so it improves the
APAP-induced hepatotoxicity by supplementing GSH
in the early administration after APAP (7,8).
However, its efficacy is related to the time delay
between overdose of APAP and treatment, only
limited to the early stage of APAP poisoning (9). In
addition, the long-term high-dose NAC treatment may
damage the liver regeneration after APAP-induced
liver injury (10). In the absence of reliable liverprotecting drugs in allopathy, searching for a kind of
new, effective and safe drug to prevent liver diseases
is worthy of concern. Therefore, it is of great value to
develop more effective and safer drugs in the
prevention and treatment of APAP-induced
hepatotoxicity.
Clinical studies in the present century have
confirmed the therapeutic effects of several plants on
liver diseases. In recent years, the anti-oxidative stress
effect of natural products extracted from plants, such
as polyphenols, observed in APAP-induced liver
injury due to the diversity of pharmacological
properties, including antioxidant capacity, has
attracted considerable attention (11,12). Antioxidants
are considered as compounds acting through one or
more of the following mechanisms: chemical
reduction activity, free radical scavenging, potential
complexation of pro-oxidant metals, and quenching of
singlet oxygen (13). In addition, they can enhance the
endogenous antioxidant defense and regulate the
cellular redox state (14). Many gentians possess the
antioxidant property and many other biological
properties, such as anti-ulcer, anti-diabetes and antiproliferation (15). Dandelion, a member in the
composite family, is a kind of perennial herb native to
the northern hemisphere (16). In China, dandelion is
not only tasty food but also a traditional Chinese
herbal medicine with choleretic, diuretic, antirheumatic, anti-diabetic and anti-inflammatory effects.
Studies have shown that dandelion extract (DLWE)
has a variety of pharmacological effects. For example,
dandelion root extracts can reduce alcohol-induced
oxidative stress (17), dandelion leaf extracts can
Cell Mol Biol

alleviate non-alcoholic fatty liver disease induced by a
high-fat diet (18), and dandelion flower extracts can
scavenge reactive oxygen species (ROS) and protect
DNA in the ROS-induced injury in vitro. In addition,
the dandelion polysaccharide has antioxidant and antiinflammatory effects. To sum up, exploring the
protective effect of DLWEs on the liver and its
specific mechanism of action are of great significance
in the prevention of APAP-induced liver injury.
The specific molecular mechanism of DLWEs in
the treatment of APAP-induced liver injury has not
been fully clarified. In the present study, therefore, it
was proposed that DLWE could exert a protective
effect on APAP-induced liver injury in rats through
oxidative stress and apoptosis. The cells were cultured
and added with DLWEs at different concentrations,
and then the oxidative stress was detected via enzymelinked immunosorbent assay (ELISA), the cell
proliferation and apoptosis were observed, and the
changes in cellular pathway molecules were detected
via gene and protein assays, so as to clarify the
therapeutic effect of DLWE on liver injury and its
specific mechanism of action, thereby providing an
experimental basis for the subsequent research and the
development of new drugs and new treatment means.
Materials and methods
Animal modeling
Twenty male SD rats were free to drink water.
After one week of adaptive feeding, refer to the
APAP-induced liver injury mouse model method of
Zhao Hui et al. (19). Use APAP for induction,
dissolve PAAP in 0.2% carboxymethyl cellulose
(CMC) solution, and give rats a single dose by
gavage. Once a day, five times a week, 1g/kg each
time, for two consecutive weeks, the control group
was given the same dose of normal saline, 10 rats in
each group, and the follow-up test was started after
the successful model building.
Dandelion root and leaf extract was provided by
Xi'an Tianrui Biotechnology Co., Ltd.
Detection of liver function
After the experiment, the venous blood was
routinely drawn from the caudal vein, placed at room
temperature for 30 min and centrifuged at 1000 g for
10 min. The supernatant was collected to detect the
liver function indexes, and whether there were
25
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changes in aspartate aminotransferase (AST), alanine
aminotransferase (ALT) and lactate dehydrogenase
(LDH) were observed to further indicate the
development of liver injury. Whether the animal
model was successfully established was verified by
detecting liver injury indexes, so as to provide
important references for early diagnosis, predict the
occurrence of diseases in advance, and prepare for
subsequent experiments.
Separation, culture and morphological observation
of primary hepatocytes
Rats in each group were injected with 300 U
heparin sodium saline. After routine skin preparation
and disinfection, the liver was taken aseptically with
surgical instruments and moved to a sterile ultra-clean
bench. The liver was perfused with the pre-heated
37°C perfusate containing type IV collagenase till
softening and outflow of turbid liquid. The liver was
fully digested with trypsin if the capsule was
separated from the parenchyma and there were
obvious granules on the liver surface. Then the liver
perfused was quickly placed in a sterile culture dish,
and the digestion of hepatocytes was terminated using
the RPMI 1640 medium. The liver parenchyma tissues
were cut into pieces and the cell suspension was
filtered using 60-mesh and 200-mesh sieves, followed
by centrifugation at 1000 rpm for 5 min. Among
them, the primary hepatocytes isolated and cultured
from the mice in the control group are used as the
control group. The primary hepatocytes of the model
group are divided into the liver injury model group
(model), the medium-dose dandelion extract group
(1mM DLWE), high-dose dandelion extract group
(2mM DLWE).Among them, the medium-dose
dandelion extract group (1mM DLWE) and the highdose dandelion extract group (2mM DLWE) were
given interventions of 1mM DLWE and 2mM DLWE,
respectively.Change the culture medium every 24
hours, observe the cell growth morphology under an
inverted microscope and take pictures on time.
CCK-8 cell proliferation assay
The cells in the logarithmic growth phase in each
group were inoculated into a 96-well plate and
cultured in an incubator with 5% CO2 at 37°C for 0,
24, 48 and 72 h. Add 100μTMB chromogenic solution
to each well in the 96-well plate (provided by KPL,
Cell Mol Biol

USA) After incubating for 1 hour in a 37°C incubator,
the absorbance (450nm) of each group was measured
with an ultraviolet spectrophotometer, and a broken
line graph was made to reflect the proliferation
activity of the cells.
Detection of liver function indexes in each group
After stimulation, the cells in good growth status in
the incubator were selected in each group, the medium
was discarded, and the cells were collected using the
cell scraper. Then the cells were lysed with RIPA lysis
buffer (strong), placed at room temperature for 5 min
and centrifuged at 1000 g for 10 min. The supernatant
was collected to detect the liver function indexes, and
whether there were changes in AST, ALT and LDH
were observed to further indicate the development of
liver injury.
Detection of oxidative stress indexes in each group
After cell stimulation, select three groups of cells in
good growth condition from the incubator, discard the
culture medium, collect the cells and supernatant of
each group with a cell scraper, lyse the cells with
RIPA strong lysate, and collect the supernatant by
centrifugation.A colorimetric assay kit (manufacturer:
Qingdao Jieshikang Biotechnology Co., Ltd., product
number: T3023) was used to detect the levels of cell
ROS, GSH, and GSH-Px. The specific operation steps
are carried out in accordance with the actual and the
instructions, and finally, the absorbance of each group
is detected under the microplate reader.
Detection of apoptosis in each group via flow
cytometry
The liver injury model of primary hepatocytes was
treated with moderate-dose DLWEs (1 mM DLWE)
and high-dose DLWEs (2 mM DLWEs) for 24 h and
then washed twice with PBS, and the precipitate at the
bottom of the tube was collected. Three replicates
were set in each group. According to the instructions,
500 μL of binding buffer was added to suspend the
precipitate, 5 μL of Annexin V-binding buffer and 5
μL of propidium iodide (PI) dye were also added, and
the mixture was placed at room temperature for 15
min. Finally, the apoptosis rate was detected using a
flow cytometer according to the procedure.
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Detection of expressions of apoptosis and pathwayrelated genes via RT-PCR
RNA was extracted from the collected cells, and
DNA was synthesized using TaKaRa kit. Please refer
to the manual for specific operation steps. Then
amplify into single-stranded cDNA according to the
conventional reaction system, and put it at -20°C for
use in PCR amplification reaction. The sample is
amplified with primers for the gene to be detected and
the internal reference gene, with 3 replicates for each
reaction. Establish a 20 μL amplification system
according to cDNA (2 μL), qPCR mix (10 μL), primer
(2 μL), and ddH2O (6 μL) to perform PCR
amplification reaction. The target gene and GAPDH
internal reference primer sequence were designed
according to the sequence on GenBank, and the tumor
necrosis factor-α (TNF-α) and cyclooxygenase-2
(COX-2) were detected by the qRT-PCR method.),
mitogen-activated protein kinase (MAPK), c-Jun Nterminal kinases (JNK), nuclear factor-κB (nuclear
factor-Kb, NF-κB) p65, drug metabolism enzyme
cytochrome P450 2E1 (cytochrome P450 2E1,
CYP2E1) and other target gene expression. The
specific primer sequence is shown in Table 1
Table 1. Primer sequence
target gene
GAPDH
TNF-α
COX2
MAPK
JNK
NF-KB p65
CYP2E1

Primer sequence（F-R、5-3）
GGGACATGCCGCCTGGAGAAAC
AAAGCCCAGGATGCCCTTTAGT
CCCTCCTGGCCAACGGCATG
TCGGGGCAGCCTTGTCCCTT
GGGCTCAGCCAGGCAGCAAAT
GCACTGTGTTTGGGGTGGGCT
CCAGATGCCGAAGATGAACT
GGGCTGCTGTGATCCTCTTAT
TTCCATTGTGGGTAGGTGG
CTTACAGCTTCCGCTTCAG
ATACGTCGGCCGTGTCTAT
GGAACTGTGATCCGTGTAGG
CCAGTGGAGTCTACATTCT
TTCATTCTGTGTTCTAACTGG

Western blotting
All the original data obtained during the experiment
were processed with SPSS 20.0 analysis software, the
validity of the original data was preserved, and the
data was multiple-compared. The experimental results
obtained are expressed as mean±standard deviation
(x±SD), one-way analysis of variance was used for
comparison among multiple groups, and the SNK-q
test was used for pairwise comparison. For
statistically significant differences, use P<0.05.
Graphpad prism 7.0 is used to draw the histogram.
Cell Mol Biol

Results and discussion
Detection of liver function
After successful modeling, the venous blood was
drawn from the caudal vein and centrifuged, and the
supernatant was collected to detect the content of
biochemical indexes ALT, AST and LDH. As shown
in Table 2, the levels of serum AST, ALT and LDH
were significantly increased in the model group
(p<0.05), suggesting the successful establishment of
the liver injury model, and the subsequent
experiments could be performed.
Table 2. Content of ALT, AST and LDH (U/L)
Group/index
Normal group
Model group

ALT
10.23±0.58
149.88±1.26a

AST
50.78±1.59
199.21±2.47a

LDH
5.23±0.23
120.56±2.56a

Note: The levels of serum AST, ALT and LDH are significantly increased
in model group. ap<0.05 vs. normal group

Morphological observation of primary hepatocytes
The specific changes in adherent growth of
hepatocytes in each group were observed under an
inverted microscope (Figure 1). In the control group,
the hepatocytes were in an oval shape, tiled, adhered
well to the wall and distributed evenly, with obvious
intercellular space, and the cell growth status was
good like slab stones (Figure 1A). In the model group,
there were more suspended cells, the pseudopods
grew, and the cells were in a polygonal shape with
poor growth status (Figure 1B). In the 1 mM DLWE
group and 2 mM DLWE group, the cells adhered well
to the wall, and they were mostly in an oval shape
with good growth status, similar to the control group
(Figures 1C & 1D).
CCK-8 cell proliferation assay
CCK-8 cell proliferation assay was performed to
detect the absorbance of cells in each group at
different time points. As shown in Figure 2, at 24, 48,
and 72 h, the proliferation ability of hepatocytes was
significantly stronger in the control group than that in
other groups (p<0.05), it was weaker in the model
group (p<0.05), and the ability in 1 mM DLWE group
and 2 mM DLWE group was close to that in the
control group, indicating that DLWEsare not toxic to
hepatocytes and can promote the proliferation activity
of hepatocytes.
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Figure 1. Morphological observation of hepatocytes in each group. A: Control group, B: Model group, C: 1 mM DLWE
group, D: 2 mM DLWE group. In the control group, the hepatocytes are in an oval shape, tiled, adhere well to the wall and
distributed evenly, with obvious intercellular space, and the cell growth status is good (1A, ×40). In the model group, there are
more suspended cells, the pseudopods grow, and the cells are in a polygonal shape with poor growth status (1B, ×40). In 1 mM
DLWE group and 2 mM DLWE group, the cells adhere well to the wall, and they are mostly in an oval shape with good
growth status, similar to the control group (1C & 1D, ×40).

Figure 2. CCK-8 assay. At 24, 48, and 72 h, the
proliferation ability of hepatocytes is significantly stronger
in the control group than that in other groups (p<0.05), it is
weaker in the model group (p<0.05), and the ability in 1
mM DLWE group and 2 mM DLWE group is close to that
in the control group. *p<0.05.

Liver function indexes in each group
After treatment for 24 h, the supernatant in each
group was collected to detect the content of
biochemical indexes ALT, AST and LDH. As shown
in Table 3, the content of LDH, ALT and AST was
significantly increased in the model group (p<0.05),
while it significantly declined in 1 mM DLWE group
and 2 mM DLWE group compared with that in the
model group (p<0.05), suggesting that 1 mM DLWE
and 2 mM DLWE can significantly improve liver
injury.
Table 3. Content of LDH, ALT and AST in cells (U/L)
Group/index
Control
Model
1 mM DLWE
2 mM DLWE

ALT
8.23±0.54
49.88±1.26a
20.56±0.23b
12.47±0.58b

AST
15.78±1.59
99.21±2.47a
40.05±2.61b
30.21±2.47b

LDH
5.41±0.23
90.56±2.85a
30.21±0.58b
10.28±0.97b

Note: The content of LDH, ALT and AST is significantly increased in
model group (p<0.05), while it significantly declines in 1 mM DLWE
group and 2 mM DLWE group compared with that in model group
(p<0.05). ap<0.05 vs. control group, bp<0.05 vs. model group
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Oxidative and antioxidant factors in each group
The changes in the concentration of oxidative stress
indexes in each group were detected via ELISA. The
results revealed that compared with those in the
control group, the concentration of oxidative index
ROS was increased (p<0.05), while the concentration
of antioxidant indexes GSH and GSH-Px declined in
the model group (p<0.05). In the 1 mM DLWE group
and 2 mM DLWE group, the changes in ROS, GSH
and GSH-Px were opposite to those in the model
group (p<0.05). The above findings demonstrate that
1 mM DLWE and 2 mM DLWEs can ameliorate the
redox imbalance in liver injury (Figure 3).

Figure 3. Detection of oxidative antioxidant factors. The
concentration of oxidative index ROS is increased (p<0.05),
while the concentration of antioxidant indexes GSH and
GSH-Px obviously declines in the model group (p<0.05). In
1 mM DLWE group and 2 mM DLWE group, the changes
in ROS, GSH and GSH-Px are opposite to those in the
model group (p<0.05). ap<0.05 vs. control group, bp<0.05
vs. model group.

Apoptosis in each group detection via flow
cytometry
In this study, the apoptosis level in each group was
detected via flow cytometry. In the control group,
there were few apoptotic cells, and they almost could
not be observed (Figure 4A). In the model group, the
28
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number of positive cells was larger than that in the
control group (Figure 4B). In 1 mM DLWE group and
2 mM DLWE group, there were fewer apoptotic cells

than model group (Figures 4C & 4D) (p<0.05),
suggesting that 1 mM DLWE and 2 mM DLWE can
inhibit APAP-induced apoptosis of hepatocytes.

Figure 4. Apoptosis level in each group. A: Control group, B: Model group, C: 1 mM DLWE group, D: 2 mM DLWE group.
In the control group, there are few apoptotic cells, and they almost cannot be observed. In the model group, the number of
positive cells is obviously larger than that in the control group. In 1 mM DLWE group and 2 mM DLWE group, there are
fewer apoptotic cells than the model group (p<0.05). ap<0.05 vs. control group, bp<0.05 vs. model group.

Related gene expressions detection via RT-PCR
According to the results of RT-PCR (Figure 5), the
levels of TNF-α, COX-2, CYP2E1, MAPK, JNK and
NF-κB p65 were remarkably higher in the model
group (p<0.05), while they were remarkably lower in
2 mM DLWE group, close to those in the control
group. The above results indicate that the DLWE
intervention
suppresses
the
expressions
of
inflammatory factors, liver injury molecules and
inflammatory pathways, and inhibits the occurrence of
APAP-induced liver injury.
Western blotting
The protein detection results manifested that the
model group had remarkably increased levels of
CYP2E1, MAPK and NF-κB p65 (p<0.05), while 1
mM DLWE group and 2 mM DLWE group had the
opposite levels to those in model group (p<0.05)
(Figure 6), suggesting that DLWE intervention
inhibits the expressions of MAPK and NF-κB p65,
further suppressing liver injury.
Cell Mol Biol

Figure 5. Gene expression levels. A: The levels of MAPK,
JNK and NF-κB p65. B: The levels of TNF-α, COX-2 and
CYP2E1. The levels of TNF-α, COX-2, CYP2E1, MAPK,
JNK and NF-κB p65 are remarkably higher in the model
group (p<0.05), while they are remarkably lower in 2 mM
DLWE group, close to those in the control group. ap<0.05
vs. control group, bp<0.05 vs. model group.
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Figure 6. Protein expression. A: Western Blot of protein
expression. B: Relative protein expression. The model
group has remarkably increased levels of CYP2E1, MAPK
and NF-κB p65 (p<0.05), while 1 mM DLWE group and 2
mM DLWE group have the opposite levels to those in the
model group (p<0.05). ap<0.05 vs. control group, bp<0.05
vs. model group

The liver is the main site of the body's
detoxification, as well as the main target for the drug
contact in the body. Therefore, drug-induced liver
injury is a serious public health problem (20). APAP
is a commonly-used analgesic antipyretic, which is
usually safe with good tolerance at therapeutic doses.
However, the overdose of APAP is the most common
cause of drug-induced acute liver failure (21). The
toxicity of APAP is related to the biological activity
of cytochrome P450 to electrophilic metabolite
NAPQI. Under the excessive therapeutic dose, both
glucuronidation and sulfation pathways will become
saturated, and the liver GSH is depleted by extensive
bioactivation of APAP, leading to oxidative stress
(22). Oxidative stress may trigger the signaling
pathways through mitochondrial toxicity, ultimately
causing cell death. There is a large amount of
evidence that oxidative stress may be involved in the
toxicity of APAP (23). Several studies have
demonstrated that antioxidants and anti-inflammatory
agents can effectively protect the body from acute
hepatotoxicity caused by APAPoverdose (24).
Therefore, this experiment studies the protective
effect of dandelion extract on APAP-induced druginduced liver injury in rats and its specific
mechanism. First, an animal modeling experiment was
used to observe whether the liver function-related
indicators would change after modeling. It further
Cell Mol Biol

indicates the development of liver damage and proves
whether the model animals are successful, in order to
provide an important reference for early diagnosis,
predict the occurrence of diseases in advance, and
prepare for follow-up experiments. The clinical
application of liver function tests is of great value in
the diagnosis, treatment, and prognosis of liver
diseases. Among them, AST, ALT, and LDH are
common indicators for clinical evaluation of liver
damage. The results of this experiment to detect AST,
ALT, and LDH indicate that the index level is found.
The content of LDH, ALT and AST in the model
group was significantly increased, indicating that the
APAP-induced rat model of liver injury was
successful, and subsequent experiments can be carried
out. After separating the primary hepatocytes from the
normal group and the model group of animals and
adding dandelion intervention, the status of the
hepatocytes in each group was observed under an
inverted microscope. In the normal group, the
hepatocytes were oval, flat, and adherent well, the
cells were evenly arranged, the intercellular spaces
were obvious, and the cells grew in good condition
and were paving stone-like. The liver injury model
group has a large amount of cell suspension,
pseudopodia, a polygonal shape, and poor growth.
The medium-dose dandelion extract group (1mM
DLWE) and the high-dose dandelion extract group
(2mM DLWE) adhered well to the cells, mostly oval,
similar to the normal group, and grew well.
Subsequently, we used the CCK-8 proliferation
experiment to detect the absorbance of each group of
cells at different times. The results showed that at 24,
48, and 72 h, the proliferation ability of hepatocytes in
the normal group was significantly higher than that in
the other groups, and the model group had lower cell
proliferation. The 1mM DLWE and 2mM DLWE
groups were similar to the control group. It shows that
dandelion extract is not toxic to liver cells and can
promote the proliferation activity of liver cells. In
addition, the detection results of ALT, AST and LDH
in the cell culture supernatant showed that the LDH,
ALT, and AST contents of the model group were
significantly increased, and the contents of the 1mM
DLWE and 2mM DLWE groups were significantly
reduced compared with the model group. It shows that
the dandelion extract in the 1mM DLWE and 2mM
DLWE groups can significantly improve liver
30
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damage. This is consistent with previous studies (2526).
GSH-Px is a major peroxide detoxifying enzyme
that catalyzes the intercellular reductive GSH, which
is a hydrogen donor for the production of oxidized
GSH, and it also scavenges H2O2 and catalyzes the
reduction of peroxides in hepatocytes (27). In
addition, studies have found that TMC can effectively
protect the GSH level in the liver in APAP-treated
mice. GSH is an important ROS scavenger that can be
involved in the ROS scavenging by reducing
peroxides in the presence of GSH-Px (28). In
hepatocytes, high-dose APAP (500 mg/kg) leads to
the depletion of GSH and results in the binding of
toxic NAPQI to essential hepatocyte proteins, causing
acute liver injury. Besides, maintaining the GSH level
is of great importance for protecting thiols and other
nucleophilic groups in proteins from toxic metabolites
in APAP-induced liver injury (29). In the present
study, the concentration of oxidative index ROS was
increased, while the concentration of antioxidant
indexes GSH and GSH-Px declined in the model
group. In the 1 mM DLWE group and 2 mM DLWE
group, the changes in ROS, GSH and GSH-Px were
opposite to those in the model group. The above
findings demonstrate that 1 mM DLWE and 2 mM
DLWE can ameliorate the redox imbalance in liver
injury. Apoptosis can promptly scavenge the garbage
generated during the maintenance of the body's vital
activities, which, as the body's defender, supplies
energy for the production of subcellular structure and
metabolism, and maintains the cell stability (30). The
mechanism and pathway of apoptosis in the
physiological metabolism of organisms can serve as
important treatment guidelines for a variety of
diseases, such as tumors and liver injury. In this
experiment, there were few apoptotic cells, and they
almost could not be observed in the control group. In
the model group, the number of positive cells was
larger than that in the control group. In the 1 mM
DLWE group and 2 mM DLWE group, there were
fewer apoptotic cells than the model group, suggesting
that 1 mM DLWE and 2 mM DLWE can inhibit
APAP-induced apoptosis of hepatocytes.
Studies have shown that the lack of glutathione in
APAP-induced liver injury enhances the expression of
TNF-α and induces cell damage. In addition to proinflammatory cytokines, APAP can also induce
Cell Mol Biol

overexpression of inflammatory COX-2 in the liver of
mice (31), among them, NF-κB p65 and MAPK signal
pathways are common signal pathways in the liver
injury-related research. F-κB is activated in liver
injury and achieves liver protection through antiinflammatory and antioxidant effects.MAPK-JNK can
regulate the expression of inflammatory factors such
as TNF-α and IL-1. The activation of MAPK-JNK is
considered to be an important signal element of
APAP-induced
hepatotoxicity,
which
further
promotes the development of drug-induced liver
injury (32), NF-κB is an important transcription factor
in the inflammatory process. It can regulate the
expression of genes related to the inflammatory
cascade and participate in the inflammatory response
and oxidative stress response. Other studies have
shown that NF-KB plays an important role in inducing
liver damage induced by APAP, and its content can be
used to indicate the severity of liver damage (33).
Studies have found that CYP2E1 knockout mice are
resistant to APAP-induced liver damage, and downregulation of this gene can lead to a decrease in
reactive metabolites. In addition, APAP increases the
expression of CYP2E1, while DLWE can
significantly inhibit the expression of CYP2E1,
thereby improving oxidative stress (34-36). Genetic
testing found that TNF-α, COX-2, CYP2E1, MAPK,
JNK, and NF-KB p65 were significantly increased in
the model group, and the gene expression in the 2mM
DLWE group was the opposite and close to the
control group. It shows that dandelion extract inhibits
the expression of inflammation, liver injury indicator
molecules and inflammatory pathways after the
intervention, and inhibits the occurrence of APAPinduced liver injury. The protein results showed that
CYP2E1, MAPK, and NF-KB p65 increased
significantly in the model group. The expression
changes of the 1mM DLWE and 2mM DLWE groups
were opposed to the model group. It further shows
that dandelion extract inhibits the expression of
MAPK and NF-KB p65 after the intervention, and
further inhibits the occurrence of liver injury. This is
consistent with the above research results. This study
further demonstrated that dandelion extract has a
protective effect on APAP-induced drug-induced liver
injury in rats by detecting oxidative stress, apoptosis,
and inflammation pathways. More genes and proteins
can be included in the follow-up to further verify this
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effect. In this regard, it is suggested to study other
extracts (37-40).
In conclusion, DLWEs may inhibit the occurrence
of oxidative stress and apoptosis through suppressing
MAPK and NF-κB pathways, thereby resisting
APAP-induced liver injury. In the future, such an
effect can be explored using more techniques. The
experimental results enrich and improve the
theoretical basis of the protective effect of DLWE on
APAP-induced liver injury and its effects on MAPK
and NF-κB signaling pathways, which also provides a
theoretical basis for the development of new anti-liver
injury drugs.
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