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Triptolide (TP) is the most effective ingredient found in the traditional Chinese herbal Tripterygium wilfordii Hook F, and it is
widely used in therapies of autoimmune and inflammatory disorders. However, the hepatotoxicity induced by TP has restricted
its use in clinical trials. Arctiin is known as a protective agent against oxidative stress, and it exerts liver-protecting effect. This
study was aimed at investigating the protective role of arctiin against TP-induced hepatotoxicity using in vitro and in vivo
models. The results indicated that TP not only obviously induced liver injury in mice but also significantly inhibited the growth
of HepG2 cells and increased the level of intracellular reactive oxygen. Furthermore, TP obviously decreased the expressions of
proteins of Nrf2 pathway including HO-1, NQO1, and Nrf2 associated with oxidative stress pathway. However, the above
experimental indexes were reversed by the treatment of arctiin. Our results suggested that arctiin could alleviate TP-induced
hepatotoxicity, and the molecular mechanism is likely related to its capacity against oxidative stress.

1. Introduction

Triptolide (TP) is a diterpene triepoxide isolated from Trip-
terygium wilfordii Hook F, and it has been reported to have
diverse pharmacological effects such as immune modulation,
antiproliferative, proapoptotic, anti-inflammatory, immuno-
suppression, and tumor inhibition, and it has good efficacy
for treating asthma, shin disease, and rheumatoid arthritis
[1–3]. However, the safety window of TP is very narrow,
and the effective and toxic doses are very close. The accumu-
lated use of TP can result in severe toxicity and side effects on
multiple organs especially the liver, kidney, and body system
such as the bone marrow and immune and reproductive sys-
tem. This has limited the clinical use of TP [4]. The mecha-
nism of TP-induced liver damage has been largely linked to
oxidative stress via the instigation of over generation of reac-
tive oxygen species (ROS), anionic peroxides, liver apoptosis,
autophagy, depletion, and inhibition of antioxidant enzymes
activities [5–7]. The high levels of ROS and reactive nitrogen
species (RNS) inhibit ATPase, sodium, and calcium pump
activity of cell membrane leading to decrease in the mito-

chondrial membrane potentials (MMP) and the release of
apoptosis factor caspase-3 to damage liver cells [8–13].

Arctium lappa L is a traditional Chinese medicinal peren-
nial plant that has been in use for hundreds of years as a
nutritive vegetable and edible traditional medicine [14]. It is
used traditionally as a diuretic, carminative, anti-infection,
anti-inflammatory, and as anti-TB [15]. Several chemical
entities have been isolated from the plant including arcti-
genin and arctiin [16]. Arctiin is a lignan glycoside, found
as one of the major bioactive constituent isolated from the
seeds, leaves, and roots of A. Lappa L. [17]. Several studies
have established the efficacy of arctiin as an anti-tumor, anti-
cancer, immunoregulator, anti-inflammatory, antidiabetic,
neuroprotection, and hepatoprotective agent [18–20]. Previ-
ous studies have proven the ability of arctiin to alleviate the
accumulation of calcium and decline of MMP induced by ele-
vated levels of ROS in liver cells as well as decrease the ratio
of liver apoptosis resulting from oxidative stress pathway
[21]. In addition, our preliminary investigation also indicated
that arctiin showed potent antioxidant capacity in models of
oxidative liver damage.
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Recently, Keap1-Nrf2/ARE signaling pathway is consid-
ered to be the most important endogenous antioxidant stress
signaling pathway, and it plays a crucial role in the body’s
defense against various oxidative stress-induced injuries
[22, 23]. Nrf2, a cap-n-collar (CNC) regulatory protein, plays
a significant role in this pathway, and it exerts wide power in
various organs. Under normal physiological conditions, Nrf2
combined with its inhibitor Keap1 with nonactive state exists
in the cytoplasm, and it is rapidly degraded by ubiquitin
proteasome system to maintain low transcriptional activity
in physiological state. Elevated levels of ROS and the other
reactive nucleophile can cause the uncoupling of Nrf2 and
Keap1 to trigger the activity of Nrf2. After it is transported
into the nucleus, Nrf2 binds to Maf protein to form a hetero-
geneous dimer and then ARE protein. The trimer activates
target genes expressions to regulate the activities of phase II
metabolic enzymes and antioxidant enzymes, thus exerting
great influence on resistance to oxidative damage. Keap1
Nrf2/ARE signaling pathway regulates more than 200
encoded endogenous genes, including antioxidation protein
genes, detoxification enzymes genes, and anti-inflammatory
protein genes which plays vital roles in enhancing capacities
of organs against oxidative stress, inflammation, tumor, and
apoptosis [24, 25]. Due to the antioxidant effect displayed
by arctiin, we envisaged that it can attenuate TP-induced
liver toxicity, and it may possibly exert its protective role
through the Nrf2 pathway. Thus, this study investigated
the hepatoprotective effect of arctiin in TP-induced
hepatotoxicity.

2. Materials and Methods

2.1. Cell Culture. Human hepatoma (HepG2) cells were pur-
chased from Jiangsu Kaiji Bio-Technology Co. Ltd (Nanjing,
China). The cells were routinely cultured in Dulbecco’s Mod-
ified Eagle’s Medium (Hyclone, Logan, USA) supplemented
with 10% fetal bovine serum, 100U/ml penicillin, and
100μg/ml streptomycin (Gibco Life Technologies, Grand
Island, NY, USA). HepG2 cells were cultured in a 37°C
humidified incubator with 5% CO2, digested with trypsin,
and allowed to pass on to the logarithm period of cells. Cells
were treated with arctiin and TP. Arctiin and TP were pur-
chased from Yuanye biological company (Shanghai, China)
and were freshly dissolved in 0.1% DMSO before use.

2.2. MTT Assay. HepG2 cells were seeded into 96-well plate
at a density of 1 × 104 cells/ml. After cell adherence, cells
were grouped for experiments with TP (0-320 nM) and arc-
tiin (0-128μM) to determine an effective dose for further
experiments. After the determination of an appropriate dose,
cells were further treated with TP (50nM), arctiin (50μM),
and a combination of pretreatment with arctiin (50μM) for
12 h followed by TP (50nM) treatment in order. All cell
treatments were performed for 24, 48, and 72h. After the
treatment period, 20μl of MTT (5mg/ml) was added to each
well and incubated for another 4 h. The medium was
removed, and DMSO (200μl) was added to each well, and
the absorbance was measured at 570 nm with a microplate

reader. The growth inhibition curves were evaluated by non-
linear regression analysis with SPSS 16.0 (SPSS Inc., USA).

2.3. Calcein-AM/PI Staining. HepG2 cells were cultured
using the methods described above and treated with PBS
(control), TP (50nM), arctiin (50μM), and a combination
of pretreatment with arctiin (50μM) for 12h followed by
TP (50 nM) treatment in order. After 24 h, cells were washed
with PBS twice and detached with 0.25% trypsin. Cells were
collected, and 1ml of binding PBS and 0.5ml of AM/PI dou-
ble staining fluid were added in sequence. The solution was
incubated in the dark for 30min at room temperature and
observed under a laser scanning confocal microscope.

2.4. Hoechst 33258 Staining. After cell culture and treatment
with PBS, TP (50 nM), arctiin (50μM), and a combination of
pretreatment with arctiin (50μM) for 12h followed by TP
(50 nM) treatment in order. After 24 h, the cells were fixed
with paraformaldehyde and further incubated with Hoechst
33258 staining fluid in the dark at room temperature. After
30min of incubation, the observed changes of the cell
nucleus were observed under a laser scanning confocal
microscope.

2.5. Apoptosis Assay. HepG2 cells were seeded in 6-well plate
at a density of 1 × 106 cells per well and treated with PBS
(control), TP (50nM), arctiin (50μM), and a combination
of pretreatment with arctiin (50μM) for 12h followed by
TP (50nM) treatment in order. After 24 h, the cells were
washed with PBS twice, and 0.25% trypsin was used to detach
the cells. Then, cells were centrifuged, and the sediment col-
lected was used to determine the apoptosis rate with the aid
of flow cytometry (BD Biosciences, CA, USA) using Annexin
V-FITC/PI double staining kit.

2.6. Western Blot Analysis. HepG2 cells were seeded into 6-
well plates at 1:0 × 106 cells per well and treated with PBS
(control), TP (50nM), arctiin (50μM), and a combination
of pretreatment with arctiin (50μM) for 12h followed by
TP (50nM) treatment in order. After cell treatment for
24 h, the cells were washed twice with PBS and lysed with
RIPA lysis buffer containing protease and phosphatase inhib-
itor cocktail (Beyotime Biotech, Haimen, China). The protein
concentrations of the lysates were determined by bicinchoni-
nic acid (BCA) protein assay kit (Beyotime Biotech, Haimen,
China). Equal amounts of proteins were separated by SDS-
polyacrylamide gel electrophoresis (PAGE) and transferred
to PVDF membranes. After been blocked with 5% skim milk
in Tris-buffered saline containing 0.2% tween-20 for 1 h at
room temperature, the membranes were incubated with
primary antibodies at 4°C overnight. The following primary
antibodies were used: β-actin (1 : 5000), Nrf2 (1 : 2000),
HO-1 (1 : 2000), and NQO1 (1 : 2000). Further incubation
for 1 h at room temperature with secondary antibody conju-
gated with horseradish peroxidase (HRP) was conducted.
The membranes were visualized under ECL and analyzed
using the Image J software.

2.7. Animals and Experiment Treatments. BALB/C mice (18-
20 g, 6-8 weeks of age) were purchased from the Laboratory
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Animal Center of Wannan Medical College. All the mice
were maintained in the pathogen-free conditions (22°C,
12 h of light, and 12 h of dark cycle) and given free access
to food and water. All procedures involving laboratory
animal study were in accordance with the Guide for the Care
and Use of Laboratory Animals. All protocols were submitted
and validated by the Ethics Committee for the Use of Labora-
tory Animals, Wannan Medical College. To analyze the pro-
tective effect of arctiin in TP-induced hepatotoxicity, 40 mice
were randomly divided into four groups (n = 10/group) and
designated as follows:

Group 1: control group orally administered with 0.9%
saline solution

Group 2: TP group was orally administered with TP at the
dose of 600μg/kg (Wang et al. 2014)

Group 3: arctiin was orally administered with arctiin at
the dose of 500mg/kg

Group 4: arctiin + TP group orally administered with TP
at the dose of 600μg/kg and arctiin at the dose of 500mg/kg

The mice were orally treated with arctiin 12 hours before
the administration of TP. After 24 h, blood samples were
obtained from the mice by retro-orbital plexus. The serum
obtained from the blood after centrifuging was used for bio-
chemical analysis. The mice were sacrificed, and the livers
were exercised, weighed, and used for further analysis. The
doses of arctiin and TP used were based on our preliminary
experimental results. The body weights of mice were
recorded to calculate the liver index using the following for-
mula: liver index = liver weight/body weight.

2.8. Evaluation of Liver Function Enzymes. Blood samples
obtained were centrifuged at 3000 rpm for 10min at 4°C,
and the serum obtained was used for estimating liver func-
tion enzymes including alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) using assay kits from
Jiancheng Bioengineering Institute (Nanjing, China).

2.9. Histopathology. Liver tissues from each mouse were
immersed in a formaldehyde solution composed of 10% of
37-40% formaldehyde and 90% of PBS (0.01M, pH 7.4) for
24 h, then transferred to 70% ethanol. After fixation, the liver
samples were embedded in paraffin and cut into 3μm
sections, then stained with hematoxylin and eosin (H&E)
for morphological evaluation.

2.10. Evaluation of ROS Levels in the Liver. In order to deter-
mine the Reactive Oxygen Species (ROS) levels in each
group, the liver tissues were homogenized in ice cold PBS,
and the homogenate was centrifuged at 3000 rpm for
10min at 4°C. The supernatant obtained was used for mea-
suring the ROS levels using commercially available assay kit
according to the instructions of the manufacturer. In brief,
the supernatants were incubated for 60min at room temper-
ature with 2´, 7´-dichlorofluorescein diacetate (DCHF-DA)
which can be rapidly oxidized to form highly fluorescent
derivative dichlorofluorescein (DCF) in the presence of
ROS. The DCF fluorescence intensity was measured with a
fluorescence microplate reader (excitation wavelength of
500nm and emission wavelength of 525 nm).

2.11. Evaluation of Nrf2, HO-1, and NQO1 Levels in the Liver.
Liver tissues of experimental animals were cut up and
homogenized at 4°C after treating with the tested drugs; then,
liver samples were lysed with RIPA buffer. Total proteins
were obtained from lysate centrifuged at 12000 rpm for
20min at 4°C. The protein concentrations were measured
by BCA Protein Assay Kit, and equivalent amounts of
protein were separated by 10% SDS-PAGE and transferred
to PVDF membranes. The membranes are incubated with
primary antibodies of β-actin, Nrf2, HO-1, and NQO1, and
secondary antibodies are conjugated with horseradish perox-
idase (HRP), followed by ECL detection and quantification
using the Image J software.

2.12. Statistical Analysis. Data were expressed as mean ± SD.
All statistical analysis was performed with SPSS 16.0 (SPSS
Inc., USA). Differences of data were analyzed by one-way
ANOVA, followed by Dunnett’s post hoc test. P values <
0.05 were considered statistically significant.

3. Results

3.1. Effects of TP and Arctiin on HepG2 Cell Viability. As
shown in Figures 1(a)–1(c), after treatment of cells with TP,
arctiin or a combination of both for 24, 48, and 72 h, the
growth of HepG2 cells was obviously inhibited by TP, and
the inhibition rate increased with time and concentration
(Figure 1(a)), whereas this trend was not observed in
arctiin-treated cells (Figure 1(b)). However, the growth inhi-
bition rate of HepG2 cells was decreased by combination of
TP and arctiin in contrast to cells treated with only TP
(Figure 1(c)).

3.2. Effects of TP, Arctiin, or Combination on Morphological
Changes of HepG2 Cells. As shown in Figures 2(a)–2(c), con-
trol cells were polygonal and integrally adhered to the wall,
while HepG2 cells shrunk and were smaller size, and the
number of adherent cells decreased significantly in the TP-
treated cells when compared with the control group (PBS-
treated cells). These results indicated that the TP-treated cells
fully corresponded to the morphological characteristics and
changes observed in cell models of apoptosis. However, arc-
tiin reversed TP-induced apoptotic trends of HepG2 cells.
In cells treated with TP and arctiin, a significant decrease in
HepG2 cells apoptosis was observed as well as an increase
in the number of adherent cells (Figure 2(a)).

Furthermore, we differentiated living cells, apoptotic
cells, and necrotic cells under a laser confocal microscope
on the basis of the results obtained from staining of Cal-
cein-AM/PI kit; AM is the fluorescent probe of living cells
while PI is indicative of dead cells. The number of red
fluorescence in TP-treated cells was observed to be signif-
icantly increased when compared with the control group
(PBS-treated cells), while arctiin reversed this trend
(Figure 2(b)). In addition, it was observed that the nuclei
of the control group had uniform size, complete morphol-
ogy, and emitted even light blue fluorescence. However,
the nuclei of TP-treated cells displayed some aberrant
changes such as shrinkage, smaller size which resulted
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Control TP Arctiin Arctiin+TP

(a)

Control TP Arctiin+TPArctiin
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Figure 2: Effects of TP, arctiin, and TP+ arctiin on the morphology of HepG2 cells. Treated cells were visualized using (a) light microscope
and fluorescence microscope after stained with (b) Calcein-AM/PI mixed dye and (c) Hoechst 33258. White arrows indicated the
condensation and fragmentation of chromatin.
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Figure 1: Cytotoxity of TP, arctiin, and TP+ arctiin in HepG2 cells. (a) HepG2 cells were treated with triptolide (TP) at various
concentrations for 24, 48, and 72 h. (b) HepG2 cells were treated with arctiin at various concentrations for 24, 48, and 72 h. (c) Cells were
exposed to TP, arctiin, and TP+ arctiin, and cell growth inhibition rates were measured by MTT assay. The growth inhibition rate of the
cells was expressed as %. All data are represented as the mean ± SD (n = 6). #P < 0:05 compared to the control group; ∗P < 0:05 compared
to the TP-treated group.
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from chromatic agglutination, fragmentation of nucleus,
and formation of apoptotic bodies. However, arctiin signif-
icantly reversed these changes (Figure 2(c)).

3.3. Effects of TP and Arctiin on HepG2 Cell Apoptosis. The
results from the flow cytometry analysis are shown in
Figure 3; the exposure of cells to TP triggered significant apo-
ptosis in HepG2 cells (45.7% apoptotic rate) when compared
to PBS-treated control cells (1.5% apoptotic rate). In contrast,
the coincubation of HepG2 cells with arctiin led to an evident
suppression of HepG2 cells apoptosis (20.1% apoptotic rate).
These results suggested that arctiin could protect HepG2 cells
from TP-induced cell apoptosis.

3.4. Effects of Arctiin on HO-1, NQO1, and Nrf2 when
Copretreated with TP. As shown in Figures 4(a)–4(d), TP
treatment obviously decreased the expression of HO-1,
NQO1, and Nrf2, whereas, the results obtained indicated that
compared with TP treated cells, the combination of TP and
arctiin showed pronounced increase in the expression of
HO-1, NQO1, and Nrf2.

3.5. Effects of TP, Arctiin, or Combination on Liver Function
Enzymes and Liver Index. As indicated in Figure 5(a), the
TP group had significantly higher levels of ALT and AST
when compared to the normal control group. The group
treated with arctiin had no changes in the level of ALT and
AST when compared to the control group, whereas the com-
bination of arctiin and TP significantly decreased ALT and
AST levels when compared to the TP group (Figure 5(a)).
Furthermore, the liver index of the TP group was markedly

increased when compared to the normal control group, and
the combination of arctiin and TP significantly reduced the
liver index (Figure 5(b)).

3.6. Effects of TP, Arctiin, or Combination on ROS Levels.
Compared with the control group, the fluorescence intensity
indicating ROS levels in the TP group was significantly
increased when compared to the control group. However,
combination treatment of arctiin and TP obviously decreased
the fluorescence intensity compared with the TP group
(Figure 5(c)).

3.7. Effects of TP, Arctiin, or Combination on Morphological
Changes of HE Stained. Histopathological analysis of the
livers showed severe hepatocellular necrosis, extensive lipid
droplets congestion, and large areas of hydropic degenera-
tion occurred in the mice treated with triptolide alone but
not in the control animals (Figures 6(a) and 6(b)). The sever-
ity of liver injury was significantly decreased in the combina-
tion of the arctiin and TP treatment group (Figure 6(d)).

3.8. Effects of Arctiin on HO-1, NQO1, and Nrf2 when
Copretreated with TP in Mice Livers. As presented in
Figures 7(a)–7(d), TP-treated mice showed a slighter decline
level of HO-1, NQO1, and Nrf2 compared with control. And
these proteins were significantly upregulated with the combi-
nation of TP and arctiin.

4. Discussion

Although extensive researches about TP-induced hepatotox-
icity have been carried out, the underlying molecular
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Figure 3: Effects of TP, arctiin, and TP+ arctiin on HepG2 cell apoptosis. HepG2 cells were treated with TP, arctiin, and TP+ arctiin for 24 h,
and cell apoptosis was determined by flow cytometry using Annexin V-FITC/PI double staining kits. The cell populations shown in (D)
represents early apoptosis, while (B) represents late apoptosis and (A) represents necrotic cells. Histograms represent apoptosis rate (%).
#P < 0:05 compared to the control group; ∗P < 0:05 compared to the TP-treated group.
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mechanisms have not yet been fully elucidated [26]. Recent
researches have shown that the excessive ROS expression
can evidently lead to an imbalance between oxidation and
antioxidation, and it is primarily involved in the pathophys-

iology of TP-induced hepatotoxicity. Over generation of ROS
resulted from TP stimulation can damage cellular compo-
nents such as DNA, RNA, and proteins which leads to cell
apoptosis. In order to enhance the efficacy and decrease its
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Figure 5: Effects of TP, arctiin, or combination on (a) AST and ALT levels, (b) liver index, and (c) ROS levels. Data were presented as
means ± SD (n = 10). #P < 0:05 compared with the control group, ∗P < 0:05 compared with the TP group.
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toxicity, TP is usually used in combination with other Chi-
nese herbs or active components. As one of the main active
component found in T. wilfordii, arctiin is commonly used
in traditional Chinese medicine, and its pharmacological
effect has been extensively investigated, especially its resis-
tance to oxidative stress [27–29].

Nrf2 pathway is one of the main cellular response to
toxin or chemical incited ROS and oxidative stress. It is
evidently activated during cellular redox imbalance, and it
protects cell damages by enhancing antioxidant capacity,
metabolizing xenobiotic, and enhancing the activities of cyto-
protective enzymes [30]. In addition, recent studies have
indicated that Nrf2 is a key transcription factor of cell antiox-
idative stress system, and it plays a critical role in preventing
oxidative injury. Nrf2 is involved in the transcription of
downstream phase II detoxification enzymes, phase III drug
transporters, and antioxidant enzymes so as to reduce cell
injuries resulting from reactive oxygen [31, 32]. There are
three core components in the Nrf2 pathway including Nrf2,
ARE, and Keap1. In normal physiological state, Keap1, a
cytoplasmic protein, combines with Nrf2 to form Keap1-
Nrf2 complex which is anchored in the cytoplasmic actin of
cytoskeleton, making Nrf2 too stable to enter the nucleus;
meanwhile, the transcriptions mediated by Nrf2 protein are
inhibited. In addition, Keap1-Nrf2 complex is a suitable sub-
strate for U3 ubiquitin ligase promoting degradation of Nrf2
protein via ubiquitination and making it inactive. However,
in conditions of excessive generation of ROS and oxidative
stress, Nrf2 protein is dissociated from Keap1-Nrf2 complex
and is released as a free state. The cytoplasmic free Nrf2
proteins can enter cell nucleus to initiate the Nrf2 pathway
[33, 34]. During oxidative stress, oxidizing agent and electro-
philic compounds bind to the cysteine residues of Keap1 to
change its conformation and uncouple with Nrf2. The degra-

dation of Nrf2 protein via U3 ubiquitin ligase is decreased,
and excessive Nrf2 proteins are transposed into the nucleus,
followed by recognition and combination with ARE. The
results from our study indicated that the Nrf2/ARE pathway
played a critical role in the protection of arctiin against TP-
induced hepatotoxicity. TP inhibited the activation of Nrf2;
however, our results showed that arctiin could antagonize
TP-induced inhibition, thus activating further activation of
the pathway to initiate antioxidant protection.

ARE is a specific DNA-promoter binding sequence
located upstream of the protective genes, and it is a key link
in the expression of some important antioxidases such as
NQO1 and HO-1 involved in the progress of antioxidative
stress and detoxification. HO-1 is a rate limiting enzyme
which is responsible for catalyzing oxidative degradation of
heme to produce carbon monoxide, biliverdin, and free iron
which are speculated to be closely related to its antioxidative
and anti-inflammatory functions [35, 36]. While NQO1 is
cytosolic flavoprotein with an obligate two-electron reduc-
tase that is involved in chemo protection, detoxification reac-
tions, and antioxidant defense via the generation of
antioxidant forms of ubiquinone and vitamin E. However,
overexpression and accumulation of Nrf2 in cell nucleus
damage cells as well, so Nrf2 is quickly uncoupled with
ARE and degraded by ubiquitination after activation [37].
Interestingly, our study indicated that arctiin activation of
the Nrf2/ARE pathway evidently increased the expression
of downstream genes NQO1 and HO-1, thus indicating the
vital role of its antioxidant protection.

Several pharmacological properties have been attributed
to arctiin including many physiological activities such as
anti-inflammatory, ion, antimicrobial, antiallergic, and anti-
carcinogenic activities. Traditionally, arctiin is used for the
treatment of liver diseases, diabetes, eczema, and skin

200 𝜇m

(a) Control

200 𝜇m

(b) TP

200 𝜇m

(c) Arctiin

200 𝜇m

(d) TP + arctiin

Figure 6: Effects of TP, arctiin, and TP+ arctiin on the photomicrographs of hematoxylin and eosin-stained liver sections. Representative
photomicrographs of H&E staining for liver sections from each group, respectively (bar = 200 μm): (a) control group, (b) TP group,
(c) arctiin group, and (d) TP+ arctiin group.
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infection [38]. Recent studies have emphasized the protective
effect of arctiin in several disease models including has also
been found to exert functions in protecting against endothe-
lial cell damage, anti-Alzheimer’ disease and antiaging, the
antihair loss, and so on, and these bioactivities are closely
related to the antioxidative stress effect of arctiin. Arctiin also
protected against cardiac hypertrophy, and LPS induced
acute lung injury via the inhibition of MAPKs/AKT and
PI3K/AKT signaling pathways, respectively [39, 40].
Although several researches have demonstrated that arctiin
could play a vital role in strong response to oxidative stress,
however, there are no reported studies on the protective
effect of arctiin through the study in Nrf2 pathway, an impor-
tant pathway of oxidative stress, have not been reported. Our
results demonstrated that arctiin could alleviate or protect
against TP-induced hepatotoxicity by acting as an upstream
activator to regulate transcriptional activity of Nrf2 and its
downstream target (HO-1 and NQO1). The molecular mech-
anism may be associated with inhibiting Keap1, increasing
Nrf2 translocation, and inducing the expression of target
genes. In the further research, more in-depth experiments

including Nrf2 nuclear translocation detection, silence of
Nrf2 gene in HepG2 cells, or combined with gene knockout
mouse are necessary to elucidate the mechanisms of hepato-
protective activity by arctiin.

5. Conclusion

In conclusion, the results from this present study suggested
that arctiin exerted antioxidative effect which could alleviate
TP-induced hepatotoxicity, and this antioxidant effect is
mediated through the Nrf2/ARE pathway.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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Figure 7: Effects of TP and arctiin on Nrf2 pathway in the livers. After the treatments (TP, arctiin, and TP+ arctiin) in different groups, liver
tissues of experimental animals were collected, and the expression levels of Nrf2, HO-1, and NQO1 proteins were determined by western blot
analysis. (a) Panel shows representative bands of HO-1, NQO1, and Nrf2. Histograms represent optical density values of (b) HO-1, (c) NQO1,
and (d) Nrf2 normalized to the corresponding β-actin. Data were presented asmean ± SD (n = 3). #P < 0:05 compared with the control group;
∗P < 0:05 compared with the TP group.

8 BioMed Research International



Acknowledgments

This study was supported by the Natural Science Foundation
of Education Department of Anhui Province (No.
KJ2019ZD32), the Anhui Provincial Natural Science Foun-
dation (No. 1908085MH248), the Overseas Visiting and
Training Program for the Outstanding Young Talents in
the Colleges of Anhui Province (No. gxgwfx2018054), the
National Undergraduate Training Program for Innovation
and Entrepreneurship (Nos. 201910368040 and
202010368028), and the Key Scientific Research Project of
Wannan Medical College (No. WK2019S40).

References

[1] S. R. Chen, Y. Dai, J. Zhao, L. Lin, Y. Wang, and Y. Wang, “A
mechanistic overview of triptolide and celastrol, natural
products from Tripterygium wilfordii Hook F,” Frontiers in
pharmacology, vol. 9, p. 104, 2018.

[2] J. Li, J. Jin, M. Li et al., “Role of Nrf2 in protection against
triptolide-induced toxicity in rat kidney cells,” Toxicology
Letters, vol. 213, no. 2, pp. 194–202, 2012.

[3] L. A. Shamon, J. M. Pezzuto, J. M. Graves et al., “Evaluation of
the mutagenic, cytotoxic, and antitumor potential of triptolide,
a highly oxygenated diterpene isolated from Tripterygium
wilfordii,” Cancer Letters, vol. 112, no. 1, pp. 113–117, 1997.

[4] J. Zhao, C. Xie, X. Mu et al., “Metabolic alterations in
triptolide-induced acute hepatotoxicity,” Biomedical Chroma-
tography, vol. 32, no. 10, 2018.

[5] Y. M. Wei, Z. H. Luan, B. W. Liu et al., “Autophagy in
triptolide-mediated cytotoxicity in hepatic cells,” International
Journal of Toxicology, vol. 38, no. 5, pp. 436–444, 2019.

[6] Q. Fu, X. Huang, B. Shu et al., “Inhibition of mitochondrial
respiratory chain is involved in triptolide-induced liver
injury,” Fitoterapia, vol. 82, no. 8, pp. 1241–1248, 2011.

[7] C. Xi, S. J. Peng, Z. P. Wu, Q. Zhou, and J. Zhou, “Toxicity of
triptolide and the molecular mechanisms involved,” Biomedi-
cine & Pharmacotherapy, vol. 90, pp. 531–541, 2017.

[8] J. Li, F. Shen, C. Guan et al., “Activation of Nrf2 protects
against triptolide-induced hepatotoxicity,” PLoS One, vol. 9,
no. 7, 2014.

[9] M. Hasnat, Z. Yuan, M. Naveed et al., “Drp1-associated mito-
chondrial dysfunction and mitochondrial autophagy: a novel
mechanism in triptolide-induced hepatotoxicity,” Cell Biology
and Toxicology, vol. 35, no. 3, pp. 267–280, 2019.

[10] J. Tabeshpour, S. Mehri, F. Shaebani Behbahani, and
H. Hosseinzadeh, “Protective effects of Vitis vinifera (grapes)
and one of its biologically active constituents, resveratrol,
against natural and chemical toxicities: a comprehensive
review,” Phytotherapy Research, vol. 32, no. 11, pp. 2164–
2190, 2018.

[11] Z. Feng, C. Zhou, S. Dong et al., “Catalpol and panax notogin-
seng saponins synergistically alleviate triptolide-induced hepa-
totoxicity through Nrf2/ARE pathway,” Toxicology In Vitro,
vol. 56, pp. 141–149, 2019.

[12] Y. Wang, S. H. Guo, X. J. Shang et al., “Triptolide induces
Sertoli cell apoptosis in mice via ROS/JNK-dependent
activation of the mitochondrial pathway and inhibition of
Nrf2-mediated antioxidant response,” Acta Pharmacologica
Sinica, vol. 39, no. 2, pp. 311–327, 2018.

[13] Z. Yuan, H. Zhang, M. Hasnat et al., “A new perspective of
triptolide-associated hepatotoxicity: liver hypersensitivity
upon LPS stimulation,” Toxicology, vol. 414, pp. 45–56, 2019.

[14] L. M. da Silva, A. Allemand, D. A. G. B. Mendes et al., “Etha-
nolic extract of roots from Arctium lappa L. accelerates the
healing of acetic acid-induced gastric ulcer in rats: involve-
ment of the antioxidant system,” Food and Chemical Toxicol-
ogy, vol. 51, pp. 179–187, 2013.

[15] J. Zhao, D. Evangelopoulos, S. Bhakta, A. I. Gray, and
V. Seidel, “Antitubercular activity of Arctium lappa and Tussi-
lago farfara extracts and constituents,” Journal of Ethnophar-
macology, vol. 155, no. 1, pp. 796–800, 2014.

[16] R. A. S. Gurunanselage Don and M. K. K. Yap, “Arctium lappa
L. root extract induces cell death via mitochondrial-mediated
caspase-dependent apoptosis in Jurkat human leukemic T
cells,” Biomedicine & Pharmacotherapy, vol. 110, pp. 918–
929, 2019.

[17] H. Lü, Z. Sun, H. Shan, and J. Song, “Microwave-assisted
extraction and purification of arctiin and arctigenin from
Fructus Arctii by high-speed countercurrent chromatogra-
phy,” Journal of Chromatographic Science, vol. 54, no. 3,
pp. 472–478, 2016.

[18] S. Su and M. Wink, “Natural lignans from Arctium lappa as
antiaging agents in Caenorhabditis elegans,” Phytochemistry,
vol. 117, pp. 340–350, 2015.

[19] L. C. Lu, R. Zhang, M. B. Song, S. W. Zhou, and G. S. Qian,
“Optimization of extraction and purification of arctiin from
Fructus arctii and its protection against glucose-induced rat
aortic endothelial cell injury,” Cell Biochemistry and Biophys-
ics, vol. 69, no. 1, pp. 93–101, 2014.

[20] C. Delong, Y. Zhen, W. Chao et al., “Arctiin abrogates osteo-
clastogenesis and bone resorption via suppressing RANKL-
induced ROS and NFATc1 activation,” Pharmacological
Research, vol. 159, article no. 104944, 2020.

[21] X. Wu, Y. Yang, Y. Dou et al., “Arctigenin but not arctiin acts
as the major effective constituent of Arctium lappa L. fruit for
attenuating colonic inflammatory response induced by dex-
tran sulfate sodium in mice,” International Immunopharma-
cology, vol. 23, no. 2, pp. 505–515, 2014.

[22] Y. Qiao, X. Zhang, G. Zhao et al., “Hepatocellular iNOS
protects liver from ischemia/reperfusion injury through
HSF1-dependent activation of HSP70,” Biochemical and
Biophysical Research Communications, vol. 512, no. 4,
pp. 882–888, 2019.

[23] J. Yan, Y. Pang, J. Zhuang et al., “Selenepezil, a selenium-
containing compound, exerts neuroprotective effect via modu-
lation of the Keap1-Nrf2-ARE pathway and attenuates Aβ-
induced cognitive impairment in vivo,” ACS Chemical Neuro-
science, vol. 10, no. 6, pp. 2903–2914, 2019.

[24] J. Djordjevic, A. Djordjevic, M. Adzic, M. Mitic, I. Lukic, and
M. B. Radojcic, “Alterations in the Nrf2-Keap1 signaling path-
way and its downstream target genes in rat brain under stress,”
Brain Research, vol. 1602, pp. 20–31, 2015.

[25] N. Keleku-Lukwete, M. Suzuki, and M. Yamamoto, “An
overview of the advantages of KEAP1-NRF2 system activation
during inflammatory disease treatment,” Antioxidants &
Redox Signaling, vol. 29, no. 17, pp. 1746–1755, 2018.

[26] Z. Hou, L. Chen, P. Fang et al., “Mechanisms of triptolide-
induced hepatotoxicity and protective effect of combined use
of isoliquiritigenin: possible roles of Nrf2 and hepatic trans-
porters,” Frontiers in Pharmacology, vol. 9, p. 226, 2018.

9BioMed Research International



[27] B. Zhou, G. Weng, Z. Huang, T. Liu, and F. Dai, “Arctiin
prevents LPS-induced acute lung injury via inhibition of
PI3K/AKT signaling pathway in mice,” Inflammation,
vol. 41, no. 6, pp. 2129–2135, 2018.

[28] Y. WEI, D. J. SUI, H. M. XU et al., “Atractylodes lancea
rhizome water extract reduces triptolide-induced toxicity and
enhances anti-inflammatory effects,” Chinese Journal of
Natural Medicines, vol. 15, no. 12, pp. 905–911, 2017.

[29] Y. Lin, X. Yang, M. Lu et al., “Herbal compound triptolide syn-
ergistically enhanced antitumor activity of vasostatin120-180,”
Anti-Cancer Drugs, vol. 24, no. 9, pp. 945–957, 2013.

[30] L. Baird and A. T. Dinkova-Kostova, “The cytoprotective role
of the Keap1-Nrf2 pathway,” Archives of Toxicology, vol. 85,
no. 4, pp. 241–272, 2011.

[31] L. Wang, D. Xu, L. Li et al., “Possible role of hepatic macro-
phage recruitment and activation in triptolide-induced hepa-
totoxicity,” Toxicology Letters, vol. 299, pp. 32–39, 2018.

[32] S. Vomund, A. Schäfer, M. J. Parnham, B. Brüne, and A. von
Knethen, “Nrf2, the master regulator of anti-oxidative
responses,” International Journal of Molecular Sciences,
vol. 18, no. 12, p. 2772, 2017.

[33] Z. Sun, S. Zhang, J. Y. Chan, and D. D. Zhang, “Keap1 controls
postinduction repression of the Nrf2-mediated antioxidant
response by escorting nuclear export of Nrf2,” Molecular and
Cellular Biology, vol. 27, no. 18, pp. 6334–6349, 2007.

[34] M. McMahon, K. Itoh, M. Yamamoto, and J. D. Hayes,
“Keap1-dependent proteasomal degradation of transcription
factor Nrf2 contributes to the negative regulation of antioxi-
dant response element-driven gene expression,” The Journal
of Biological Chemistry, vol. 278, no. 24, pp. 21592–21600,
2003.

[35] T. Satoh, S. R. McKercher, and S. A. Lipton, “Nrf2/ARE-medi-
ated antioxidant actions of pro-electrophilic drugs,” Free Rad-
ical Biology & Medicine, vol. 65, pp. 645–657, 2013.

[36] C. H. He, P. Gong, B. Hu et al., “Identification of activating
transcription factor 4 (ATF4) as an Nrf2-interacting protein.
Implication for heme oxygenase-1 gene regulation,” The Jour-
nal of Biological Chemistry, vol. 276, no. 24, pp. 20858–20865,
2001.

[37] A. T. Dinkova-Kostova and P. Talalay, “NAD(P)H:quinone
acceptor oxidoreductase 1 (NQO1), a multifunctional antioxi-
dant enzyme and exceptionally versatile cytoprotector,”
Archives of Biochemistry and Biophysics, vol. 501, no. 1,
pp. 116–123, 2010.

[38] R. C. Fierascu, M. I. Georgiev, I. Fierascu et al., “Mitodepres-
sive, antioxidant, antifungal and anti-inflammatory effects of
wild-growing Romanian native Arctium lappa L. (Asteraceae)
and Veronica persica Poiret (Plantaginaceae),” Food and
Chemical Toxicology, vol. 111, pp. 44–52, 2018.

[39] J. Li, Y. P. Yuan, S. C. Xu et al., “Arctiin protects against cardiac
hypertrophy through inhibiting MAPKs and AKT signaling
pathways,” Journal of Pharmacological Sciences, vol. 135,
no. 3, pp. 97–104, 2017.

[40] L. Zhou, C. Zhou, Z. Feng, Z. Liu, H. Zhu, and X. Zhou,
“Triptolide-induced hepatotoxicity can be alleviated when
combined with Panax notoginseng saponins and Catapol,”
Journal of Ethnopharmacology, vol. 214, pp. 232–239, 2018.

10 BioMed Research International


	Arctiin Antagonizes Triptolide-Induced Hepatotoxicity via Activation of Nrf2 Pathway
	1. Introduction
	2. Materials and Methods
	2.1. Cell Culture
	2.2. MTT Assay
	2.3. Calcein-AM/PI Staining
	2.4. Hoechst 33258 Staining
	2.5. Apoptosis Assay
	2.6. Western Blot Analysis
	2.7. Animals and Experiment Treatments
	2.8. Evaluation of Liver Function Enzymes
	2.9. Histopathology
	2.10. Evaluation of ROS Levels in the Liver
	2.11. Evaluation of Nrf2, HO-1, and NQO1 Levels in the Liver
	2.12. Statistical Analysis

	3. Results
	3.1. Effects of TP and Arctiin on HepG2 Cell Viability
	3.2. Effects of TP, Arctiin, or Combination on Morphological Changes of HepG2 Cells
	3.3. Effects of TP and Arctiin on HepG2 Cell Apoptosis
	3.4. Effects of Arctiin on HO-1, NQO1, and Nrf2 when Copretreated with TP
	3.5. Effects of TP, Arctiin, or Combination on Liver Function Enzymes and Liver Index
	3.6. Effects of TP, Arctiin, or Combination on ROS Levels
	3.7. Effects of TP, Arctiin, or Combination on Morphological Changes of HE Stained
	3.8. Effects of Arctiin on HO-1, NQO1, and Nrf2 when Copretreated with TP in Mice Livers

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

