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ARTICLE INFO ABSTRACT

Handling Editor: A.G. Marangoni Numerous studies have reported that tangeretin is a polymethoxylated flavone with a variety of biological ac-
tivates, but little research has been done on the antioxidant mechanism of tangeretin. Hence, we investigated the
effect of tangeretin on the nuclear factor erythroid 2-related factor 2 (Nrf2)/antioxidant response element (ARE)
pathway and its potential molecular mechanisms by in vitro and in silico research. The results of molecular
docking suggested that tangeretin bound at the top of the central pore of Kelch-like ECH-associated protein 1
(Keapl) Kelch domain, and the hydrophobic and hydrogen bond interactions contributed to their stable binding.
Herein, the regulation of Nrf2-ARE pathway by tangeretin was explored in the human embryonic kidney cell line
HEK293T, which is relatively easy to be transfected. Upon binding to tangeretin, Nrf2 translocated to the nucleus
of HEK293T cells, which in turn activated the Nrf2-ARE pathway. Luciferase reporter gene analysis showed that
tangeretin significantly induced ARE-mediated transcriptional activation. Real-time PCR and Western blot assays
showed that tangeretin induced the gene and protein expressions of Nrf2-mediated targets, including heme
oxygenase 1 (HO-1), nicotinamide adenine dinucleotide phosphate (NADPH) quinone dehydrogenase 1 (NQO1),
and glutamate-cysteine ligase (GCLM). In addition, tangeretin could effectively scavenge 1,1-diphenyl-2-picryl-
hydrazyl (DPPH) free radicals. In summary, tangeretin may be a potential antioxidant via activating the Nrf2-
ARE pathway.
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polymethoxylated flavone, is a natural active substance containing two
aromatic rings, a heterocyclic pyran ring, and a total of five methoxy

1. Introduction

Flavonoids are a class of polyphenolic compounds with 2-phenyl
flavone structure, and are generally referred to as a general term for a
class of compounds with a C6-C3-C6 structure consisting of two benzene
rings interconnected by three carbon atoms (Kato et al., 2023; Li et al.,
2022a; Lu et al., 2022; Miiller et al., 2022; Tan et al., 2022). They are
widely present in citrus, grapes, tea, chamomile, cocoa (Schijlen et al.,
2004). Reportedly, more than 10 thousands flavonoids have been
separated and identified from plants (Agati et al., 2012). Recent studies
indicate that flavonoids have multiple benefits for human health and are
therefore widely used in health foods, pharmaceuticals and cosmetics
(Liang et al., 2021; Zhang et al., 2021; Zou et al., 2021).

Tangeretin  (5,6,7,8,4'-pentamethoxyflavone), a member of
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groups (Raza et al., 2020). It is present in the peel of citrus fruits such as
sweet orange (Citrus sinensis), as well as in the dried tangerine peel, a
traditional Chinese medicine (Citri reticulatae pericarpium) (Ho and Kuo,
2014). Tangeretin has been reported to have a variety of biological ac-
tivities, showing in  particular antioxidant, antidiabetic,
anti-inflammatory and neuroprotective effects (Guo et al., 2017;
Lakshmi and Subramanian, 2014; Ma et al., 2016; Wang et al., 2018). In
addition, it also showed good efficacy in the treatment of breast cancer,
bladder cancer, ovarian cancer and gastric cancer (Chen et al., 2014; Ho
and Kuo, 2014).

Nuclear factor erythroid 2-related factor 2 (Nrf2) is a member of the
basic leucine zipper transcription family that regulates the expression of
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several antioxidant proteins and phase II detoxification enzymes (Ji
et al., 2015). Under normal cellular conditions, Nrf2 is anchored to
cytoplasmic actin by interacting with the inhibitory protein Kelch-like
ECH-associated protein 1 (Keapl) and directs rapid proteasomal
degradation and ubiquitination (Peng et al., 2015; Ren et al., 2021;
Zhang et al., 2020b). Interestingly, natural active substance is able to
bind competitively to the Keapl protein, prompting the dissociation of
Nrf2 from Keapl. Nrf2 is released from Keapl translocates into the
nucleus, where it forms a dimer with transcription factors and binds to
the antioxidant response element (ARE) in the promoter regions of the
target genes (Ai et al., 2022; Ding et al., 2022; Han et al., 2022; Li et al.,
2022b; Ma et al., 2023). This in turn activates the Nrf2-ARE signaling
pathway and increases Nrf2-mediated expression of downstream anti-
oxidant genes and proteins, including heme oxygenase 1 (HO-1), nico-
tinamide adenine dinucleotide phosphate (NADPH) quinone
dehydrogenase 1 (NQO1), and glutamate-cysteine ligase (GCLM)
(Kensler et al., 2007; Li et al., 2018; Liu et al., 2017).

The Nrf2-ARE is the most critical antioxidant signaling pathway in
biological organisms (Dai et al., 2022; Guo et al., 2022; Jiang et al.,
2022; Qiu et al., 2022; Shen et al., 2022a; Yan et al., 2022). So far,
accumulating evidence has shown that a large amount of natural active
substances activate Nrf2-mediated antioxidant signaling pathway and
regulate the expression of cytoprotective enzymes, thus playing an
important role in preventing antioxidant damage (Eggler et al., 2010).
Several natural antioxidants have been screened and selected by the
Nrf2-ARE pathway, including resveratrol (Agrawal et al., 2013), cur-
cumin (Chen et al., 2020), epicatechin (Bahia et al., 2008) and quercetin
(Arredondo et al., 2010). However, research on the effect of tangeretin
on the activation of Nrf2-ARE signaling pathway is still limited and its
molecular mechanism has not been fully elucidated.

This work aims to identify tangeretin (Fig. 1) as a potential antiox-
idant targeting the Keapl-Nrf2-ARE signaling pathway. In order to
investigate whether tangeretin can target Keap1, molecular docking was
performed to explore their binding interaction. Herein, the regulation of
Nrf2-ARE pathway by tangeretin was explored in the human embryonic
kidney cell line HEK293T, which is relatively easy to be transfected. The
cytotoxicity of tangeretin on HEK293T cells was subsequently evalu-
ated. The effect of tangeretin on Nrf2 nuclear translocation was inves-
tigated by measuring Nrf2 protein expression levels. The effect of
tangeretin on ARE-luciferase activity was evaluated by the luciferase
reporter gene assay. The expression of three Nrf2-mediated target genes
was evaluated by mRNA analysis. The protein expression levels of 3
antioxidant protease were detected by Western blot. In addition, its
ability to scavenge free radical was examined by the 1,1-diphenyl-2-pic-
rylhydrazyl (DPPH) assay.

(0

0 0

Fig. 1. Structures of tangeretin (5,6,7,8,4'-pentamethoxyflavone).
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2. Materials and methods
2.1. Materials

Dulbecco’s modified Eagle medium (DMEM) and fetal bovine serum
(FBS) were purchased from Gibco (Grand Island, NY, USA). 3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), bovine
serum albumin (BSA), and dimethyl sulfoxide (DMSO) were obtained
from Fluka (Sigma-Aldrich, Shanghai, China). Tangeretin and tert-
butylhydroquinone were purchased from Yuanye Biotechnology Co.,
Ltd. (Shanghai, China). DPPH free radical scavenging capacity assay kit
was purchased from Nanjing Jiancheng Technology Co., Ltd. (Nanjing,
China). Lipofectamine 2000 transfection reagent was purchased from
Thermo Fisher Science (San Jose, CA, USA). Trizol reagent, reverse
transcriptional kit and quantitative polymerase chain reaction (PCR) kit
were purchased from Transgen Biotech Ltd. (Beijing, China). Anti-
glyceraldhyde-3-phosphate dehydrogenase (GAPDH) and anti-Lamin
B1 were purchased from Sino Biological (Beijing, China). Anti-HO-1,
anti-NQO1, and anti-GCLM were obtained from Sangon Biotech
(Shanghai) Co., Ltd. (Shanghai, China).

2.2. Molecular docking between tangeretin and Keap1

In order to investigate whether tangeretin can target Keapl, molec-
ular docking was performed to explore their binding interaction. The
crystal structure of the Kelch domain of human Keapl (PDB 4L7B) in
complex with ligand (S,R,S)-1a, namely (1S,2R)-2-[(1S)-1-[(1,3-dioxo-
2,3-dihydro-1H-isoindol-2-yl)methyl]-1,2,3,4-tetrahydroisoquinolin-2-
carbonyl]cyclohexane-1-carboxylic acid, was obtained from Protein
Data Bank (Jnoff et al., 2014). This crystal structure of Homo sapiens
keapl kelch domain was extracted by X-ray diffraction method, with a
resolution of 2.41 A. The co-crystallized ligand was removed by Chimera
and the preparation of Keapl Kelch domain was performed by
AutoDockTools-1.5.6. The 3D structure of tangeretin was developed and
optimized by GaussView 5.0 and Gaussian 09W, respectively. After
verification of simulation protocol by re-docking the co-crystallized
ligand with Keapl Kelch domain, tangeretin was docked into the
ligand binding site. A grid box of 40 x 40 x 40 points with a grid space
of 0.375 A was set at the stereocenter of the co-crystallized ligand. The
Lamarckian genetic algorithm (LGA) was chosen to dock conforma-
tionally flexible ligand tangeretin with Keapl Kelch domain in
AutoDockTools-1.5.6. The docking parameters were set by default,
namely population size is 150, number of GA runs is 10, maximum
numbers of generations and evals are 27000 and medium, rates of gene
mutation and crossover are 0.02 and 0.8. The detailed interaction be-
tween tangeretin and Keapl was visualized by PyMOL.

2.3. Cell culture and MTT assay

Human embryonic kidney cell line HEK293T, obtained from the Cell
Bank of the Chinese Academy of Science (Shanghai, China), was
cultured in DMEM supplemented with 10% FBS at 37°C with 5% COa.

HEK293T cell (1 x 10* cells/well) were seeded in 96-well plates and
cultured for 18 h. Cells were treated with different concentrations of
tangeretin or HyOy for 24 h. Added 10% MTT for 4 h. The MTT-
containing medium was discarded and 150 pL. DMSO was added. The
absorbance was measured at 570 nm with a microlate reader Spec-
traMax i3x (Molecular Devices, Sunnyvale, CA, USA).

2.4. Construction of the plasmids

The pARE-Luc (reporter plasmid) was synthesized by ligating a
double-stranded oligonucleotide tandem ARE target fragment contain-
ing the Nrf2 binding site spanning 5'-TGACTCAGC-3’ into a luciferase
reporter gene plasmid vector (Tsai et al., 2011; Yang et al., 2013).
Plasmid pRL-SV40 (Promega, WI, USA) was used as the internal control.
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2.5. Luciferase reporter gene assay

HEK293T cells (1 x 10° cells/well) were seeded in 24-well plates and
incubated for 18 h. The cells were transiently transfected with plasmids
containing pARE-Luc and pRL-SV40 using Lipofectamine 2000 accord-
ing to manufacturer’s instruction. After 4 h of transfection, the test
compounds tert-butylhydroquinone or tangeretin were added and
incubated for 24 h followed by the cell lysis using passive lysis buffer.
The luciferase activities were measured on a microplate reader Spec-
traMax i3x using Dual-Glo Luciferase Assay System (Promega, Madison,
WI, USA).

2.6. Real-time quantitative polymerase chain reaction analysis

HEK293T cells (1 x 10° cells/well) were incubated in 6-well plates
for 18 h in 2 mL DMEM medium, and treated with different concen-
trations of tangeretin for 18 h, respectively, followed by exposure to 500
BM of H20; for 8 h. Total RNA was extracted with the Trizol reagent
according to the manufacturer’s protocol. The reverse transcriptional kit
was used to perform reverse transcription reactions with 1000 ng of RNA
per sample. Real-time quantitative PCR analysis was conducted using
quantitative PCR kit. The general PCR parameters were 94°C for 10 min;
40 circles of 94°C for 5 s, 60°C for 30s; 94°C for 10 s, 65°C for 60 s, 97°C
for 10s; cooling to 37°C for 30s. Primers used in this study were shown in
Table 1. Relative expression of heme oxygenase-1 (HO-1), nicotinamide
adenine dinucleotide phosphate (NADPH) quinone dehydrogenase 1
(NQO1) and glutamate-cysteine ligase (GCLM) was calculated by the
AACt method with normalization to GAPDH (Zhang et al., 2020a).

2.7. Western blot analysis

HEK293T cells were seeded in 10 cm discs at a density of 5 x 10°
cells for 24 h. Total protein, cytoplasmic protein and nuclear protein
were extracted, and the protein concentration was determined using
BCA protein detection kit. Protein samples were resolved on SDS-PAGE
gel electrophoresis and transferred onto PVDF membranes. PVDF
membranes were blocked with 3% BSA for 2 h at room temperature and
incubated with primary antibodies overnight at 4°C. Anti-HO-1, anti-
NQO1, anti-GCLM, anti-GAPDH and anti-Lamin B1 were used as pri-
mary antibodies. Subsequently, the membranes were incubated with
horseradish peroxidase-conjugated secondary antibodies. The protein
bands were detected using an enhanced chemiluminescence (ECL)
immunoblotting detection kit.

2.8. Free radical-scavenging assay

The free radical scavenging ability of tangeretin was determined
according to the protocol of the DPPH kit manufacturer, after the
modification of the previous method (Mutlu-Ingok et al., 2021; Yao
et al., 2014). Briefly, 80 pL tangeretin solution was added to 120 pL
DPPH anhydrous ethanol solution and the mixture was allowed to stand
in the dark at room temperature for 30 min. The absorbance value was
measured at 517 nm. The DPPH radical scavenging rate was calculated
using the following equation:

DPPH radical scavenging rate (%) = (A¢ - Ag)/Ac x 100%

A represents the absorbance of the measured sample and A.
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represents the absorbance of the blank.

2.9. Statistical analysis

All assays were performed independently in triplicate and data were
presented as mean =+ standard deviation (SD). Statistical analysis was
performed using one-way SPSS program (SPSS Inc., Chicago, IL, USA).
Tukey’s multiple comparison test was conducted at a 95% confidence
level. The results were considered statistically significant as *p < 0.05,
**p < 0.01, and ***p < 0.001 compared with the control.

3. Results and discussion
3.1. Binding interaction between tangeretin and Keap1l

In this work, the ligand (S,R,S)-1a was re-docked with Keap1l Kelch
domain firstly. As shown in Fig. 2, the re-docked ligand orientation was
almost overlaid with the co-crystallized ligand orientation, indicating
that the simulation protocol reliably reproduced the binding mode be-
tween (S,R,S)-1a and Keapl Kelch domain. Then tangeretin was docked
with Keapl Kelch domain and the result can be seen in Fig. 3. Obviously,
tangeretin bound at the top of the central pore of Keapl Kelch domain,
and assumed an orientation that was similar to the co-crystallized
ligand. In addition to the hydrophobic interactions, tangeretin formed
a hydrogen bond with Ser602 and two hydrogen bonds with Asn414. To
sum up, the hydrophobic and hydrogen bond interactions contributed to
the stable binding between tangeretin and Keapl. The binding free en-
ergy of tangeretin with Keapl was —6.21 kcal/mol, indicating that

Fig. 2. Computational alignment of re-docked ligand (S,R,S)-1a (cyan sticks)
and co-crystallized ligand (S,R,S)-1a (magenta sticks) at the top of the central
pore of Keapl Kelch domain. (For interpretation of the references to colour in
this figure legend, the reader is referred to the Web version of this article.)

Table 1

Primer sequences for quantitative real-time PCR.
Gene Forward primer (5'-3') Reverse primer (5'-3') NCBI ID
HO-1 GGCAGAGGGTGATAGAAGAGG TAAGGACCCATCGGAGAAGC NM_002133.3
NQO1 GCCGAGTCTGTTCTGGCTTATT CATGGCAGCGTAAGTGTAAGCA NM_001286137.2
GCLM AACTGACTTAGGAGCATAACTTACC TATCTGCCTCAATGACACCA NM_002061.4
GAPDH GAAGACGGGCGGAGAAAC GCCCAATACGACCAAATCCG NM_002046.7
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Fig. 3. The result of molecular docking between tangeretin (green sticks) and
Keapl Kelch domain. Co-crystallized ligand (S,R,S)-1a, magenta sticks;
hydrogen bonds, red dotted lines. (For interpretation of the references to colour
in this figure legend, the reader is referred to the Web version of this article.)

tangeretin was a ligand of Keapl. Previous in vivo studies have shown
that tangeretin can attenuate oxidative stress in the liver of 7,12-dime-
thylbenz[a]anthracene induced rats and myocardial oxidative injury
in fatigued mice through targeting Keapl (Arivazhagan and Sub-
ramanian, 2015; Kou et al., 2019), which are consistent with the in silico
findings herein.

3.2. Cytotoxicity of tangeretin or H202 in HEK293T cells

The cytotoxicity of tangeretin or HoO4 in HEK293T cells was evalu-
ated by MTT assay (Fig. 4). The high concentration of tangeretin
significantly inhibited the growth of HEK293T cells compared with the
control group. Notably, tangeretin significantly inhibited the growth of
HEK293T cells in a dose-dependent manner. The IC50 values of tan-
geretin was 500 pM (p < 0.001). Fig. 4A showed that tangeretin at a
concentration of 50 pM exhibited cytotoxic effect against HEK293T
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cells. Therefore, 10, 20 and 40 pM were chosen for subsequent
experiments.

H50, is a reactive oxygen species that induces oxidative cellular
damage (Jin et al., 2016). Exposure to 400 or 500 uM of H20; signifi-
cantly decreased the viability of HEK293T cells up to 65.45 + 1.02% and
50.93 + 3.38%, respectively (Fig. 4B). The IC50 value for HyO, was 500
uM (p < 0.001). Therefore, 500 uM of Hy0; was chosen to induce
oxidative damage in HEK293T cells.

3.3. Tangeretin induced the nuclear translocation of Nrf2 in HEK293T
cells

To determine the effect of tangeretin on Nrf2 nuclear translocation,
the Nrf2 protein expression levels in the cytoplasm and nucleus of
HEK293T cells after treatment with different concentrations of tanger-
etin were examined by Western blot. HEK293T cells were co-incubated
with different concentrations of tangeretin for 18 h and then exposed to
500 pM H30; for 8 h. The nuclear protein expression level of Nrf2 was
up-regulated by positive control tert-butylhydroquinone treatment
(Fig. 5). Compared with the HyO, group, different concentrations of
tangeretin significantly increased Nrf2 nuclear protein expression in
HEK293T cells in a dose-dependent manner and reached a maximum at
40 pM. As shown in Fig. 5D, Nrf2 nuclear protein/Nrf2 cytoplasmic
protein was increased, indicating that tangeretin was able to promote
Nrf2 nuclear translocation. Under normal conditions, Nrf2 binds to
Keap1, which anchors Nrf2 in the cytoplasm and allowing its continuous
degradation via the proteasome during ubiquitin-mediated processed
(Hong et al., 2022; Puppala et al., 2022; Shen et al., 2022b). Upon
binding to tangeretin, Nrf2 dissociates from Keapl and Nrf2 trans-
located to the nucleus. Upon the activation by tangeretin, Nrf2 can bind
to ARE, which in turn promotes Nrf2-mediated expression of target
genes and proteins. The binding of Nrf2 and ARE in the nucleus is an
essential mechanism for inducing the expression of antioxidant genes
and proteins.

3.4. Tangeretin activated the transcriptional activity of ARE in HEK293T
cells

The luciferase reporter gene is an effective method for screening
antioxidant drugs to activate the Nrf2-ARE pathway (Liang et al., 2019),
and therefore can be used to assess the potential role of tangeretin on
ARE-driven luciferase activity. tert-butylhydroquinone is a typically
strong antioxidant inducer and can be used as a positive control to
evaluate the antioxidant activity of tangeretin (Hara et al., 2003). It can
be observed that the luciferase activity of HEK293T cells was
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significantly induced up to 12.65 + 0.89-fold in the presence of 12.5 pM
tert-butylhydroquinone. As shown in Fig. 6, tangeretin at concentrations
of 10, 20 and 40 pM significantly induced trans-activation of ARE by
1.69 =+ 0.15-fold, 3.56 + 0.16-fold and 5.13 + 0.25-fold, respectively,
compared to the control (p < 0.01). Based on this result, tangeretin
induced ARE transactivation in a dose-responsive manner, confirming
that tangeretin is a potential ARE activator. Other natural active
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Fig. 6. HEK293T cells were treated with tangeretin or tert-butylhydroquinone
(t-BHQ) for 24 h, and then the luciferase activity was measured. Results are
given as means + SD of three independent experiments and normalized to

p < 0.001).

substances have similar effects, such as genistein, daidzein, for-
mononetin and biochanin A (BCA) which also exhibit ARE trans-
activation (Liang et al., 2019).

3.5. Tangeretin induced the gene expression of HO-1, NQO1, GCLM in
HEK293T cells

To verify the potential antioxidant mechanism of tangeretin, we
further examined the expression levels of tangeretin on three Nrf2-
mediated target genes, including HO-1, NQO1 and GCLM. The real-
time PCR results showed that the mRNA levels of all three Nrf2-
mediated target genes were up-regulated after treatment with tert-
butylhydroquinone at a concentration of 12.5 uM in the presence of
H50,. In contrast, HoO5 down-regulated the mRNA expression levels of
the three genes compared to the control group. We then investigated the
effects of tangeretin at concentrations of 10, 20 and 40 pM on the mRNA
expression levels of three Nrf2-mediated target genes. As shown in
Fig. 7, tangeretin significantly promoted the mRNA expression of HO-1,
NQO1 and GCLM in a dose-dependent manner after treatment with
tangeretin in the presence of HyO3 (p < 0.05).

Keapl-Nrf2-ARE is the most important antioxidant signaling
pathway in human body. Nrf2 is an important transcription factor that
regulates the antioxidant response, and Nrf2 binding to ARE induces the
expression of cytoprotease genes including HO-1, NQO1 and GCLM,
hence playing an important role in maintaining cellular redox homeo-
stasis. It has been demonstrated that in the presence of certain natural
active substances, Nrf2 nuclear translocation binds to the ARE, which in
turn regulates Nrf2-mediated target gene expression (Itoh et al., 1999;
Lu et al., 2016; Wild et al., 1999). The results of the present study are
consistent with previous studies in which tangeretin increased the
mRNA expression levels of three Nrf2-mediated target genes, including
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HO-1, NQO1 and GCLM (Liang et al., 2018).

3.6. Tangeretin induced the protein expression of HO-1, NQO1 and
GCLM in HEK293T cells

To determine the effect of tangeretin on proteins expression level,
HEK293T cells were co-incubated with tangeretin for 18 h and then
exposed to 500 pM H0,, for 8 h. Subsequently, we detected the proteins
expression level of HO-1, NQO1 and GCLM by Western blot (Fig. 8A).
H,0, effectively reduced the expression of three proteins compared to
the control. In addition, we observed that the expression of HO-1, NQO1
and GCLM proteins significantly increased in HEK293T cells after tan-
geretin treatment compared with the HyO, group (Fig. 8B, C and D).
Consistent with the results of mRNA, tangeretin induced the expression
of HO-1, NQO1 and GCLM proteins. It was further confirmed that tan-
geretin could effectively activate the Nrf2-ARE antioxidant signaling
pathway. It showed that tangeretin activation of mitogen-activated
protein kinase (MAPK)-Nrf2-ARE signaling pathway can protect
HepG2 cells from tert-butyl hydroperoxide-induced oxidative damage
(Liang et al., 2018). This is consistent with the present study and sug-
gests that tangeretin is a potential antioxidant.

3.7. Scavenging of free radicals

The DPPH radical scavenging assay can be used to screen for anti-
oxidants (Wang et al., 2021). To investigate the free radical scavenging
ability of different concentrations of tangeretin, we measured it by
DPPH assay. Fig. 9 showed that both tert-butylhydroquinone and
tangerine have the ability to scavenge DPPH free radicals. The scav-
enging of DPPH radicals by tert-butylhydroquinone at a concentration of
800 pM was significant. Tangeretin scavenges DPPH radicals in a
dose-dependent manner, increasing to 75.67 + 4.51% at 800 pM.
Similarly, 6-shogaol, 6-dehydroginger and 6-gingerol, tangeretin con-
tains phenoxy group, which is effective in scavenging free radicals and
plays a key role in antioxidant activity (Peng et al., 2015). DPPH assay
data further confirmed the antioxidant ability of tangeretin.

4. Conclusions

This work investigated the regulation of tangeretin on the Keapl-
Nrf2-ARE signaling pathway by a combination of in vitro and in silico
approaches. The results of molecular docking suggested that tangeretin
bound at the top of the central pore of Keapl Kelch domain, and the
hydrophobic and hydrogen bond interactions contributed to their stable
binding. Western blot results showed that tangeretin can translocate
Nrf2 from the cytoplasm into the nucleus of HEK293T cells. Tangeretin
significantly increased ARE luciferase activity. With respect to the Nrf2-
mediated targets, tangeretin not only increased the mRNA expression of
HO-1, NQO1 and GCLM, but also up-regulated their protein expression
levels. Moreover, tangeretin effectively scavenged DPPH free radicals in
a dose-dependent manner. In summary, tangeretin may be a potential
antioxidant targeting the Nrf2-ARE signaling pathway.
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