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Schisandra chinensis polysaccharides exerts anti-oxidative effect in vitro through
Keap1-Nrf2-ARE pathway

Qian LI (2, Xiankun QIN"?, Yang YU?, Shijian QUAN?, Ping XIAO"**

Abstract

Schisandra chinensis polysaccharide (SCP) is extracted from a well-known traditional Chinese medicine Schisandra chinensis (SC).
We purified a new compound and would like to analyze the effect of SCP on oxidative stress (OS) in vitro. SCP was identified by
high performance liquid chromatography (HPLC) and infrared spectrum (IR). The effect of SCP on cell proliferation, activity
of oxidative and anti-oxidative index superoxide dismutase (SOD), catalase (CAT), malonaldehyde (MDA), glutathione (GSH),
protein expression of nuclear factor E2-related factor 2 (Nrf2) and its down-stream factors expression, stability of Nrf2, and
binding activity of Nrf2 with DNA were tested using different methods in 293T cells. The result showed that SCP enhanced the
cell proliferation of 293T cells, the contents of GSH and CAT, and the activity of SOD, while decreased the content of MDA. In
addition, SCP promoted the transfer of Nrf2 from cytoplasm to nucleus, the binding activity of Nrf2 with DNA, the stability of
Nrf2 protein, and prolonged the half-life of Nrf2. SCP showed a strong anti-oxidative activity and activation of the Nrf2 pathway,

indicating that SCP had the potential to be developed into the natural anti-oxidant in the future.

Keywords: Schisandra chinensis polysaccharide; anti-oxidant; cell proliferation; Nrf2.

Practical Application: SCP processes a strong anti-oxidative activity, which has the potential to be developed into the natural

anti-oxidant in the future.

1 Introduction

Oxidative stress (OS) refers to the imbalance between oxidation
and anti-oxidation, production of a large number of oxidation
intermediates (Sies, 2015). OS is always considered to be an
important factor leading to aging and disease (Kattoor et al., 2017;
Bisht et al., 2017). Many studies have reported that more than
90% of human diseases are caused by OS (Klieser et al., 2019).
OS are usually divided into two categories: endogenous factors
and exogenous factors. The endogenous factors mainly include
chronic or acute diseases, such as tumors, essential diseases,
diabetic nephropathy, trauma, stroke, etc. OS may be caused
by several factors (pollution, smoke, diet, etc.), and is therefore
involved in various pathologies such as cancer, Alzheimer, etc
(Jabarpour et al., 2019; Huang et al., 2019; Yuan et al., 2019).

Polysaccharide, extracted from traditional Chinese medicine,
is a kind of carbohydrate (El-Naggar, 2020). At present, numerous
studies have shown that most of the polysaccharides have the
function of anti-oxidative stress, because they can clear away the
excessive free radicals in the body, and inhibit the production
of lipid peroxidation. They also can increase the content or
activity of many endogenous antioxidant enzymes, so as to repair
the imbalance of the anti-oxidation system and the oxidation
system, to reduce the imbalance damage caused by oxidative
stress (Tang et al., 2019; Khan et al., 2019).

Schisandra chinensis (Turcz.) Baill is the dried mature
fruit of Schisandra sphenanthera Rehd. et Wils, which mainly

plays the role in protecting the liver, reducing blood sugar and
tonifying kidney deficiency of the body (Panossian & Wikman,
2008). Schisandra polysaccharide (SCP) is the main bioactive
components of Schisandra (Rybnikar et al., 2019; Zhang et al.,
2018). Previous studies proved that SCP has the effects of
anti-oxidation, anti-aging, anti-tumor and anti-mutation, which
are all related to its anti-oxidation effects. Some studies have
shown that SCP can inhibit the production of free radicals,
improve the level of superoxide dismutase (SOD), catalase
(CAT) and glutathione (GSH) in mice, reduce the content of
malonaldehyde (MDA), and resist lipid peroxidation (Li et al.,
2018.; Nowak et al., 2019). Although these studies have found
that SCP has significant anti-oxidation ability, the effect and
mechanisms of its anti-oxidation stress remain unknown.

The Kelch-like ECH associated protein 1-nuclear factor
erythroid 2-related factor 2- antioxidant response element
(Keap1-Nrf2-ARE) signaling pathway is closely related to the
anti-oxidative effect of the body (Lu et al., 2016; Silva et al., 2018).
Nrf2 is an important anti-oxidant stress transcription factor, which
mainly exists in the nucleus. It can control a series of antioxidant
enzymes or the genes coding of anti-apoptosis protein in the
body. Most importantly, Nrf2 can be closely combined with its
downstream factor ARE (anti-oxidant response element) on the
Nrf2-ARE signaling pathway, leading to the promotion of the
expression of many kinds of cyto-protective proteins (Tu et al.,
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2019). At the same time, Nrf2 can promote the downstream
phase II detoxification enzyme expression, accelerate the
metabolism of toxic substances in the body (Ahmed et al., 2017).
Thus, Nrf2/ARE plays an important role in anti-oxidative stress
(Petrillo et al., 2020; Ungvari et al., 2019; Barancik et al., 2016).

In the present study, we aimed to explore the effects and
mechanism of SCP in OS in 293T cells.

2 Materials and methods
2.1 Materials and reagents

The dried fruits of Schisandra chinensis were purchased from
Guangzhou Baozhilin Pharmacy (China), which were identified
as Schisandrae Sinensis Bail by Danyan Zhang, a teacher from
the Traditional Chinese Medicine Identification Laboratory of
Traditional Chinese Medicine College, Guangzhou University of
Chinese Medicine. SCP was isolated by our laboratory. Human
embryonic kidney 293T cells were purchased from Cell resource
center of Shanghai Academy of Biological Sciences, Chinese
Academy of Sciences (Shanghai, China). Dulbeccos Modified
Eagle’s medium (DMEM) for cell culture and fetal bovine serum
(FBS) were purchased from Gibco (Grand Island, NY, USA).
GSH, CAT, MDA and SOD commercial kits were ordered from
Nanjing Jiancheng Bioengineering Research Institute (Nanjing,
China). BCA kit was obtained from Beyotime Biotechnology
Co., Ltd (China). NQO1-ARE luciferase report gene was
purchased from Guangzhou Funeng Biotechnology Co., Ltd.,
China. Double luciferase detection kit was from Promega, China.
Lipo2000 was purchased from Life science, China. Cycloheximide
(CHX) was obtained from Sigma-Aldrich Inc., St Louis, MO,
USA. CEB-A, CEB-B and NEB were purchased from Viagene
Biotech (Changzhou, China). Nrf2 shRNAs were obtained from
Shanghai Jikaigene co., LTD (Shanghai, China). The antibody
of Nrf2, NQO1 and HO-1 were purchased from Cell Signaling
Technology (Danvers, MA, USA). Dialysis bags were purchased
in Guangzhou Fibo Biotechnology Co., Ltd (China). DEAE-52
cellulose was purchased from Whatman (Maidstone, Kent, UK),
Sephadex G-100 was obtained from GE (USA).

2.2 Preparation of SCP

The SCP was isolated from the dried fruit of Schisandra
chinensis. The isolation and purification of SCP need 6 steps:
degreasing, extraction, decolorization, deproteinization, separation
and purification. The detailed isolation and purification method
was shown in Figure S1. The purified SCP samples were freeze
dried into powder and stored at -80 °C for further use.

2.3 Identification of SCP by High Performance Liquid
Chromatography (HPLC) and Infrared Spectrum (IR)

The purity and identification of SCP was analyzed by HPLC
and IR. Briefly, the purified SCP samples were dissolved in
sterilized ultrapure water to the final concentration of 2.5 mg/mL
for HPLC analysis. The HPLC system of Waters 1525 Alliance
with Waters 2414 differential detector and Waters 717 plus
automatic sampler was applied to the purity analysis of SCP.

The tandem column of Ultra hydrogel 1000 (7.8 x 300 mm) and
Ultra hydrogel 500 (7.8 x 300 mm) with a column temperature
of 35 °C were applied. The mobile phase was 0.02 mol/L of
KH,PO, buffer solution with isometric elution processes. The
flow rate was 0.8 mL/min.

The IR spectrum process was as follows: a small amount
of SCP powder was taken, mixed it thoroughly with 100 mg of
dry KBr powder, ground it in the mortar of agate in clockwise
direction until it was fully uniform, and then a tablet press was
used to compress the powder into thin sheets for IR machine
analysis (Nexus 670 intelligent Fourier infrared spectrometer,
Negoli Corporation, USA).

2.4 Cell viability detection

The logarithmic growth 293T cells were digested with 0.25%
trypsin enzyme to single cells, and the cell concentration was
counted and calculated. 293T cells were seeded on 96-well plates
with the concentration of 3.0 x 10° cells/well, and incubated at
37°C,5% CO, for 12 h. Then SCP drugs were added in cells with
the gradient concentrations of 0.1, 0.25, 0.5, 1, 1.5, 2 mg/mL,
and continually incubated for 24, 48 and 72 h, respectively. After
drugincubation, 10 uL/well Methylthiazolyldiphenyl-tetrazolium
bromide (MTT) was added according to the manufactory
protocol for 2-4 h incubation at 37 °C in 5% CO, incubator,
then the cell supernatant was discarded, 100 uL/well dimethyl
sulfoxide (DMSO) was added, and shocked thoroughly. Then
the absorption values were detected at 570 nm.

2.5 Detection of GSH, CAT, SOD and MDA assay in 293T cells

The logarithmic growth 293T cells were seeded to 24-well plates,
and treated with 0.1, 0.5 and 1 mg/mL of SCP respectively for 24 h
after the cells attached. Tert-butylhydroquinone (tBHQ, 20 uM)
was used as the positive control. Then the cells were collected,
the cell proteins were lysated with Radio-Immunoprecipitation
Assay (RIPA) lysis buffer, and the protein concentrations were
measured with Bicinchoninic Acid (BCA) Protein Assay Kits.
The levels of GSH, CAT, SOD and MDA were detected according
to the manufactory protocol. GSH and CAT were detected at
405 nm with the unit of umol/gprot and U/mgprot. SOD was
detected at 450 nm with the calculation of inhibitory ratio. MDA
was detected at 532 nm with the unit of nmol/mgprot.

2.6 Establishment of Nrf2 shRNA knockdown 293T cells

The logarithmic growth 293T cells were seeded into 24-well
plates with 1.0 x 10°/well. After 24 h, the medium was changed
to the fresh medium containing with 6 ug/mL polybrene ), and
proper Nrf2 shRNA virus solution (obtained from Shanghai
Jikaigene co., LTD, China; virus detail information shown in
Figure S1) was added in experimental groups, while the same
volume of solution without virus was added in the control group.
After cells were incubated at 37 °C for 4 h, 2 mL fresh medium
was added in cells for 24 h further incubation. Then medium was
changed into fresh normal medium, and cells were continually
cultured for 24 h for drug treatment.
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2.7 The protein expression of Nrf2, NQOI and HO-1in WT
and Nrf2 shRNA knockdown 293T cells

The protein expression of Nrf2, NQO1 and HO-1 in WT and
Nrf2 shRNA knockdown 293T cells was detected by Western blot.
The drugs of 20 uM tBHQ (a classical agonist of Nrf2, positive
control) and 0.5, 1 mg/mL of SCP were treated for 24 h in WT and
Nrf2 shRNA knockdown 293T cells respectively. Then the protein
lysate was collected and the protein concentrations were measured
using with BCA Protein Assay Kits. A total of 30 pig of total protein
was taken to load per gel lane for Western blot analysis. The first
antibody of Nrf2, NQO1 and HO-1 were used as 1:1000 dilution.

2.8 NQOI1-ARE activation in 293T cells

The logarithmic growth 293T cells were seeded into black
96-well plates with 2.0 x 10° cells/well. After 12 h of cell seeding,
293T cells were then transferred with the double luciferase
NQO1-ARE plasmid by Lipo®® transfer kit according to the
transfer reagent protocol. After transfection for 6 h, 0.1, 0.5,
1 mg/mL of SCP, and 10 uM tBHQ were added into cells,
respectively. Then 24 h later, the luciferase detection reagent
was added according to the kit protocol, and the values of each
drug treatment were calculated.

2.9 The protein expression of Nrf2, Keapl in cytoplasm and
Nrf2 in nuclear of 293T cells treated by SCP

293T cells were treated with SCP at concentration of 0.1,
0.5, and 1 mg/mL for 24, respectively. Then the cell lysate was
collected and the cytoplasm and nuclear protein was isolated for
detection of Nrf2 and Keap1 protein expression. The cytoplasm
and nuclear protein lysis was isolated as follows: after 24 h
treatment of SCP, the cells were washed with pre-chilled Phosphate
Buffered Saline (PBS) for 3 times, then 1 mL PBS was added to
per well and the cells were scraped with cell scraper. The cell
supernatant was transferred to 1.5 mL EP tube, and centrifuged at
3000 rpm for 5 min. After the supernatant was discarded, 300 uL
cytosol extraction buffer A (CEB-A) was added in tube which
was put on ice for 10 min, and under a vortex for 30 sec/3 min.
Then 30 pL cytosol extraction buffer B (CEB-B) was added and
mixed thoroughly. The mixture was put on ice for 1 min, and
centrifuged at 1000 g for 5 min, and the supernatant (the total
cytoplasm protein) was collected. Then 100 pL CEB-A was added
to the precipitate, mixed thoroughly and centrifuged at 1000 g
for 5 min. The supernatant was discarded, and 40 pL nuclear
extraction buffer (NEB) was added. The mixture was put under
vortex movement for 10 sec to mix thoroughly, placed on ice for
30 min, and put to a vortex 10 sec/5 min. Finally the mixture
was centrifuged at 1000 g for 5 min, and the supernatant was
collected. The protein concentration in cytoplasm and nuclear
was detected by BCA Kkits. A total of 30 pg of total cytoplasm
or total nuclear protein was loaded to per gel lane for Western
blot analysis, respectively. The first antibody of Nrf2 and Keap1
with 1:1000 dilution were used in this study.

2.10 The effect of SCP on half-life and stability of Nrf2

293T cells were treated with the protein synthesis inhibitor
cycloheximide (CHX) at the indicated times (0, 10, 20 and
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60 min) for 2 h, with or without pretreatment of SCP (1 mg/mL).
The total proteins were collected at the indicated times and the
Nrf2 protein expression was analyzed by Western blot method.

2.11 The effect of SCP on Nrf2-DNA binding activity

293T cells were treated with SCP (1 mg/mL) for 12 h, then
the cells were harvested for nuclear protein extracts according to
the “section 2.6”. Cell protein nuclear extracts were subjected into
electrophoretic mobility shift assay (EMSA) with a biotinylated
human Nrf2 probe followed by the manufacture protocol.
Competition experiment was performed in the presence of 25,
80-fold molar excess of unlabeled probe. Super shift analysis was
carried out by adding an anti-Nrf2 antibody to the incubation
mixture for 1 h at4 °C prior to electrophoresis. The labeled probe
and the unlabeled competitive probe sequences were synthesized
by Viagene Biotech Inc (Tampa, FL, USA), and shown as follows:
Biotin: 5-TGGGGAACCTGTGCTGAGTCACTGGAG-3. Cold:
5-TGGGGMCCTGTGCTGAGTCACTGGAG-3’. Mutant:
5-TGGGGAACCTGTGCTGTCACTGGAG-3.

2.12 Statistical analysis

The statistical data in the study were represented as mean
+ standard deviation (SD), and analyzed by One-way ANOVA
test with Dunett’s t-test of Graphad Prism 5.0 statistical software
(GraphPad Software, San Diego, USA). p < 0.05 and p < 0.01
were regarded as statistically significant.

3 Results

3.1 The purity and identification analysis of SCP by HPLC
and IR

The HPLC analysis spectrum showed a single high purity
peak at the elution time of 32 min in the established HPLC
analysis process (Figure 1A). Figure 1B showed the identification
of the SCP by IR spectrum, there showed many special signals
for SCP. The absorbed wave numbers were as follows (cm™):
3416 (Stretching vibration for -OH, N-H), 2929 (Stretching
vibration for -CH,-), 1609 (Angular vibration for N-H), 1406
(Angular vibration for C-H), 1152 and 1026 (Stretching vibration
for C-O-C, special signal for pyranose ring), 773 (Stretching
vibration for pyranose ring).

3.2 Effects of SCP on cell viability of 293T cells

To evaluate the effects of SCP on the cell viability of 293T
cells, 293T cells were treated with SCP at concentrations of
0, 0.1, 0.25, 0.5, 1, 1.5 and 2 mg/mL for 24, 48 and 72 h, cell
optical density was observed. As shown in Figure 24, it was
found that cell viability of 293T was significantly increased with
the increase of the concentrations of SCP at 24, 48 and 72 h
(p < 0.05). At different time points, compared to the control,
SCP at concentrations of 0.1, 0.25 showed no influence in cell
viability of 293T cells (p > 0.05), but SCP at concentrations of
0.5, 1, 1.5 and 2 mg/mL promoted it significantly (p < 0.05;
Figure 2B). It was indicated that SCP had no any toxicity for
this experiment objector 293T cells.
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Figure 1. Identification of SCP. (A) SCP was identified using High
Performance Liquid Chromatography (HPLC); (B) SCP was identified
by Infrared spectrum. MV stands for millivolts.
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3.3 Effects of SCP on anti-oxidative effects in 293T cells

To determine the anti-oxidative effects of SCP, changes
of anti-oxidative markers GSH, CAT, SOD and MDA were
evaluated in 293T cells treated with 20 pM tBHQ, and 0,
0.1, 0.5 and 1 mg/mL SCP. The results in Figure 2 showed
that tBHQ (the positive control) significantly increased the
activity of SOD (p < 0.01; Figure 2C,), and the contents of GSH
(p < 0.01; Figure 2D) and CAT (p < 0.01; Figure 2F), while
markedly reduced the contents of MDA (p < 0.05; Figure 2E).
After 293T cells were stimulated with three dosage of SCP (0.1,
0.5,1 mg/mL), the levels of SOD (Figure 2C), CAT (Figure 2D)
and GSH (Figure 2F) were all remarkably increased (p < 0.05),
compared with the SCP-untreated group. However, the contents
of the lipid peroxidation products MDA was significantly
decreased following SCP stimulation, and the effects of SCP was
dose-dependent (p < 0.05; Figure 2E). Above results suggested
that SCP had anti-oxidative effects in 293T cells.

3.4 Effects of SCP on the Nrf2-ARE signaling pathway in
293T cells

Next, we further explored whether the effects of SCP on
oxidation-stress was related with the Nrf2- ARE signaling pathway
through Western blot analysis. As shown in Figure 3A, as the
positive control, tBHQ significantly promoted protein expression
of Nrf2, NQO1 and HO-1 (p < 0.01). It was also suggested that
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Figure 2. The effect of SCP on cell proliferation and anti-oxidant of 293T cells. (A), (B) After 293T cells were treated with SCP (0, 0.1, 0.25, 0.5,
1, 1.5 and 2 mg/mL), cell optical density was evaluated at 24, 48 and 72 h; Relative levels of SOD (C); CAT (D); MDA (E); GSH (F) in 293T cells
after treatment with SCP (0.1, 0.5, 1 mg/mL) for 24 h; 'p < 0.05 and “'p < 0.01 versus control. Data are presented as the mean + SD; n = 6.
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Figure 3. The effect of SCP on the protein expression of Nrf2, NQO1 and HO-1, and NQO1-antioxidant response element-luciferase activity
in 293T cells. (A) The protein levels of Nrf2, NQO1 and HO-1 in WT 293T cells after treatment with SCP (0.1, 0.5 and 1 mg/mL) for 24 h by
Western blot analysis, tBHQ as the positive control group; (B) The protein levels of Nrf2, NQO1 and HO-1 in Nrf2 knockdown 293T cells after
treatment with SCP (0.5 and 1 mg/mL) for 24 h by Western blot analysis, tBHQ as the positive control group; (C) 293T cells were transfected with
antioxidant response element-luciferase or control plasmids for 6 h and followed by SCP treatment for 24 h, then NQO1-antioxidant response
element-luciferase activity was measured in 293T cells; ‘p < 0.05 and “p < 0.01 relative to control; Data are presented as the mean + SD; n = 3.

the protein expression of Nrf2, NQO1 and HO-1 in SCP-treated
WT 293T cells were significantly increased, compared with the
SCP-untreated control 293T cells (p < 0.05).

Subsequently, in order to identify the above results, we
continually tested the protein expression of Nrf2, NQO1 and HO-1
in Nrf2 shRNA knockdown 293T cells (Figure 3B). After the cells
were treated with SCP (0.5 and 1 mg/mL) for 24 h in Nrf2 shRNA
knockdown 293T cells, the protein expression of Nrf2, NQO1 and

Food Sci. Technol, Campinas, v42, e44621, 2022

HO-1 were dramatically increased compared with SCP-untreated
Nrf2 knockdown 293T cells (p < 0.05). It was indicated that SCP
activated the Nrf2-ARE signaling pathway in 293T cells.

3.5 Effect of SCP on NQO1-ARE activation in 293T cells

Except the knockdown of Nrf2 by shRNA, the double luciferase
NQOI1-ARE reporter gene was also used to detect the effects of
SCP on NQO1-antioxidant response element-luciferase activity in
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293T cells. The results showed that there was a markedly increase
in the luciferase activity in the positive control group treated
with tBHQ (p < 0.01; Figure 3C). Furthermore, SCP significantly
increased the NQO1-antioxidant response element-luciferase
activity in a dose dependent manner (p < 0.01; Figure 3C).
Above results further confirmed that SCP could activate the
Nrf2-ARE signaling pathway.

3.6 Effects of SCP on the protein expression of Nrf2, Keapl
in cytoplasm and Nrf2 in nuclear of 293T cells

As mentioned in the above results, SCP could activate the
Nrf2-ARE signaling pathway. However, how it worked remained
unclear. Next, we treated 293T cells with SCP at concentrations
0f0.1,0.5and 1 mg/mL, and continually detected the expression
levels of Nrf2 in cytoplasm and nuclear, and the Keap1 levels in
cytoplasm by Western blot assay (Figure 4A). The results showed
that, compared to the control, SCP (0.1, 0.5 and 1 mg/mL)
inhibited the expression levels of Nrf2 (Figure 4B) and Keapl
(Figure 4C) in cytoplasm (p < 0.05). Moreover, the nuclear Nrf2
levels were promoted with the increased SCP concentrations
(Figure 4D, p < 0.01). This result exhibited that SCP could
promote the dissociation of Keap | and Nrf2 in the cytoplasm
to activate the Nrf2/ARE pathway.

3.7 SCP prolonged the half-life of Nrf2 and enhanced the
binding activity of Nrf2 and DNA

At the same time, we tested the effect of SCP on half-life of
Nrf2 following treatment with CHX and CHX+SCP (Figure 5A).
It was found that SCP could prolong the half-life of Nrf2
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(Figure 5B), indicating the stability of Nrf2 was induced by SCP
in some degree. Finally, we detected the effects of SCP on DNA
binding activity of Nrf2 by EMSA experiment (Figure 6). The
results showed that SCP could enhance the binding activity of
Nrf2 and DNA.

4 Discussion

Schisandra chinensis (SC) is a common herbal medicine
with sedative and tonic actions (Hancke et al., 1999), whcih
can significantly enhance the antioxidant function in animal
through inhibiting free radicals formnation or directly scavenging
free radicals (Cheng et al., 2013). SCP is extracted from SC
with a molecular weight of 5.3 x 10° Da, shows non-toxic and
harmless, and possesses health benefits and pharmacological
values (Li et al., 2018). Especially, SCP is reported to possess
higher anti-oxidative activity and safety as compared with
inorganic selenium (Chen & Ji, 2007). In this experiment, we
first investigated the anti-oxidative effects of SCP in 293T cells,
and SCP can promote anti-oxidative function of 293T cells, and
activate the Nrf2 pathway.

As previously reported, the production and increase of
reactive oxygen species (ROS) is the beginning of oxidative
damage, and also the source and condition of various diseases
(Fetoni et al., 2019; Liochev, 2013). Therefore, the key point
of disease prevention and treatment is to inhibit and reduce
the content and activity of ROS (Van Acker & Coenye, 2017).
GSH with scavenging free radicals, is a kind of low molecular
scavenger (Estrela et al., 2016), which can scavenge 0,,H0,,

LOOH and so on, making the body produce OS disorder
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Figure 4. The effect of SCP on the protein expression of cytoplasm Nrf2, Keapl and nuclear Nrf2. (A) The protein levels of cytoplasm Nrf2,
cytoplasm Keapl and nuclear Nrf2 in 293T cells were determined by Western blot analysis after treatment with SCP (0.1, 0.5 and 1 mg/mL) for
24 h, tBHQ as the positive control group; Quantification of cytoplasm Nrf2 (B) cytoplasm Keap1; (C) nuclear Nrf2; (D) expression in 293T cells
was taken; p < 0.05 and “p < 0.01 relative to control; Data are presented as the mean + SD; n = 3.
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Figure 5. The effect of SCP on the protein stability of Nrf2. (A) The protein expression of Nrf2 was measured using Western blot analysis in
293T cells treated with the protein synthesis inhibitor CHX at the indicated time with or without pretreatment of SCP (1 mg/mL) for 2 h;
(B) Quantification of the protein levels relative to control was done; Data are presented as the mean + SD; n = 3. GAPDH stands for Glyceraldehyde-
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Figure 6. The effect of SCP on Nrf2-DNA binding activity. Enhanced Nrf2 DNA binding activity was determined by EMSA assay in SCP treated
293T cells; Competition experiment was performed in the presence of 25, 80-fold molar excess of unlabeled probe.

factors (Du et al., 2020). CAT can rapidly decompose the free
hydrogen and oxygen (OH) produced by the body, protect the
stability of the internal environment of the body, maintain the
normal activity of cells, and repair the damage caused by various
exogenous or endogenous OS (Glorieux & Calderon, 2017).
Thus, the activity of CAT is one of the important indexes to
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evaluate the antioxidant capacity of the body (Krych-Madej &
Gebicka, 2017; Kirkman & Gaetani, 2007). Superoxide dismutase
(SOD) is a new enzyme preparation (Lewandowski et al., 2018),
which is regarded as the most magical enzyme and the garbage
collector of human body in life science and technology (Miao
& St Clair, 2009). SOD is also the natural enemy of oxygen free
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radicals, and the foundation of life and health (Lin et al., 2020).
In addition, there are many ways to produce oxygen free radicals,
including enzyme system and non enzyme system (Guo et al.,
2020). MDA is produced from polyunsaturated fatty acids
(PUFAs) both by chemical reactions and by reactions catalyzed
by enzymes, and can directly and accurately reflect the degree
of lipid peroxidation, and indirectly indicate whether the cells
are seriously damaged (Fao et al., 2019). Therefore, the content
of MDA is also one of the important indexes to evaluate the
antioxidant capacity. In this experiment, the high, middle and
low dose groups of SCP can increase the content of GSH, and
the activity of CAT and SOD, and reduce the content of MDA in
a dose-dependent manner, indicating that SCP has the function
of providing anti-oxidative ability in vitro.

The Nrf2/ARE pathway is the most core antioxidant pathway
in the body to defence against OS (Raghunath et al., 2018). There
are many downstream genes regulated by Nrf2. Once Nrf2 is
activated, the body will show a variety of responses (Natsch &
Emter, 2016; Krajka-Kuzniak et al., 2017; Li et al., 2014). In this
study, we found that SCP can increase the levels of Nrf2, NQO1
and HO-1 no matter in WT or shRNA knockdown 293T cells.
ARE luciferase reporter gene system is recognized as a system
to verify whether a pathway is activated (Krajka-Kuzniak et al.,
2017). Therefore, in this study, we detected the changes of ARE
luciferase reporter gene level in 293T cells after SCP treatment.
The result displayed that SCP can activated the luciferase activity
in a dose dependent manner. In addition, through detection of
half-life and DNA binding activity in SCP-treated 293T cells,
we also found that SCP can prolong the half-life of Nrf2, and
enhance the stability and the DNA binding activity of Nrf2.
tBHQ, as one of the recognized activators of Keapl/Nrf2/ARE
pathway, which can activate the Keapl/Nrf2/ARE pathway, and
further activate the transcriptional activity of detoxification
enzyme and anti-oxidant factor of the downstream of Nrf2,
so as to resist the damage caused by OS (Li et al., 2014). SCP
shows a protective effect on ethanol-induced liver injury in
mice and cells via inhibiting the expression of CYP2E1 protein
and then alleviating oxidative stress injury induced by ethanol
(Yuan et al., 2018). This study provided the evidence that SCP
can activate the Nrf2/ARE pathway, demonstrated by activation
of the expression of Nrf2 and its downstream genes, promotion of
the binding activity of Nrf2 to DNA, and the stability of nucleus
Nrf2, and prolongation of half-life of Nrf2.In conclusion, this
study proved that SCP exerts oxidative effects through increasing
the expression of antioxidant enzymes and detoxifying enzymes.
Further, SCP can activate the Nrf2/ARE signaling pathway by
regulating the expression of Nrf2 and its downstream genes,
enhancing the binding activity of Nrf2 and DNA, promoting the
stability of nucleus Nrf2, and prolonging the protein half-life of
Nrf2. It is indicated that SCP has the function of anti-oxidation
and anti-aging, but the deeply molecular mechanism of SCP
remains to be further studied.
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