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Abstract

Oxidative glutamate toxicity plays a vital role in the neurodegeneration diseases, including Alzheimer’s diseases (AD). This
study set out with the aim to investigate the beneficial effects of fangchinoline (FAN), a natural alkaloid, against glutamate-
induced oxidative damage, and to clarify the underlying cellular and biochemical mechanisms. FAN prevented HT22 cells
death from oxidative glutamate cytotoxicity in a dose-dependent manner, and significantly attenuated the overproduction of
intracellular reactive oxygen species (ROS) and reversed the reduction of superoxide dismutase (SOD) activity induced by
glutamate. Further investigations on the underlying mechanisms demonstrated that FAN potently up-regulated the protein
level of nuclear factor erythroid 2-related factor 2 (Nrf2) and heme oxygenase (HO-1), in glutamate-exposed HT22 cells.
The protective effects of FAN were almost completely antagonized by inhibitor of Nrf2. Subsequent studies revealed that
FAN could down-regulate Kelch-like ECH-associated protein 1 (Keapl) in both mRNA level and protein level. To sum up,
our result demonstrated the protective effects of FAN against glutamate-induced oxidative neuronal damage, and for the
first time clarified the anti-oxidative mechanisms of FAN involve activating endogenous antioxidant defense system includ-
ing enhancing SOD activity and regulating Keap1/Nrf-2 antioxidation signaling through modulation of Keapl expression.
Above results shed more light on the molecular mechanisms of FAN’s neuroprotective effects, and may provide important
clues for the drug development in preventing oxidative stress-associated neurodegenerative diseases.
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Introduction

Glutamate, a main excitatory neurotransmitter in central
nervous system, plays a vital role in cell metabolism and
Electronic supplementary material The online version of this physiology (Coyle and Puttfarcken 1993). However, exces-
article (https://doi.org/10.1007/s10571-019-00711-6) contains sive glutamate will suppress the uptake of cysteine by sys-
supplementary material, which is available to authorized users. tem X, the glutamate/cysteine antiporter, causing the inhi-

bition of synthesis of glutathione (GSH) and accumulation

P4 Lingxue Tao

lingxuetao @simm.ac.cn of ROS (Albrecht et al. 2010; Murphy et al. 1989). This non-
54 Haiyan Zhang receptor-mediated glutamate-induced neurotoxicity is called
hzhang @simm.ac.cn oxidative glutamate toxicity, which is known as one of the
1 _ npst prominent Pathological changes in neurodegenerative
Laboratory of Neuropharmacology and Neurotoxicology, diseases, including AD (Coyle and Puttfarcken 1993; Tan

Shanghai University, Shanghai 200444, China )
g Y & et al. 2001). Consequently, agents that can suppress oxida-
CAS Key Laboratory of Receptor Research, Shanghai

tive glutamate cytotoxicity are expected to be beneficial in
Institute of Materia Medica, Chinese Academy of Sciences, g y Y p . .
Shanghai 201203, China the therapy of these neurodegenerative diseases.
o With the fact that current active free radical scavengers
State Key Laboratory of Drug Research, Shanghai Institute . . .
of Materia Medica, Chinese Academy of Sciences, University exhibit unsatisfied potency to counteract oxidative glutamate
of Chinese Academy of Sciences, Shanghai 201203, China toxicity, alternatively, increased efforts have been put on

Published online: 03 July 2019 @ Springer


http://orcid.org/0000-0002-2877-2040
http://crossmark.crossref.org/dialog/?doi=10.1007/s10571-019-00711-6&domain=pdf
https://doi.org/10.1007/s10571-019-00711-6

Cellular and Molecular Neurobiology

searching for novel agents to stimulate endogenous antioxi-
dant defense systems. Recently, Nrf2, an indispensable part
in the endogenous neuroprotective process (Jiang et al. 2017;
Motohashi and Yamamoto 2004), was proved to play a cru-
cial role in oxidative glutamate neurotoxicity (Morroni et al.
2018; Prasansuklab et al. 2017). Under physiological condi-
tions, cytoplasmic Nrf2 maintains at very low concentrations
in the intracellular level through Keap1-mediated ubiquityla-
tion (Itoh et al. 1999; Kobayashi et al. 2004). In the case of
oxidative insult, the detachment of Nrf2 and Keapl1 leads
to the nucleus translocation of Nrf2 and forms heterodi-
mers with one of the small Maf protein (Velichkova and
Hasson 2005). Consequently, the heterodimers recognize
the antioxidant responsive element (ARE) and regulate the
expression of HO-1 (Pae et al. 2008). Recently, activation of
Keap1-Nrf2/ARE signaling pathway has been proposed to
be a potential therapeutic approach against oxidative gluta-
mate toxicity (Kim et al. 2017; Prasansuklab and Tencomnao
2018; Wei et al. 2018), as well as oxidative stress-associated
multiple neurodegeneration diseases (Dodson et al. 2018;
Morroni et al. 2018; Sandberg et al. 2014).

Natural compounds, known for diverse structures, are the
main sources of drug discovery (Harvey and Cree 2010).
In the present study, our natural compounds library was
screened to discover novel candidates that can effectively
protect neuronal cells against glutamate-induced oxidative
damage, employing a widely used mouse hippocampal HT22
cell line to mimic excessive glutamate-induced endogenous
oxidative stress for its lack of functional ionotropic gluta-
mate receptor (Fukui et al. 2010; Murphy et al. 1989; Tan
et al. 1998). To our delight, fangchinoline (FAN), an bis-
benzylisoquinoline alkaloid firstly extracted from plants
of Stephania tetrandra, was found to robustly protected
neuronal cells against glutamate-induced injury (Fan et al.
2017a). Although studies have shown that FAN possesses
diverse bioactivities (Choi et al. 2000; Merarchi et al. 2018),
whether FAN can protect neuronal cells from oxidative
glutamate toxicity has not been reported yet. This study
investigates the protective effects of FAN against oxidative
glutamate neurotoxicity and elucidates the involvement of
Keap1-Nrf2 antioxidant defense system in the pharmaco-
logical effects of FAN.

Materials and Methods
HT22 Cell Culture

HT?22 cell line (Jennio Biotechnology Co., Ltd., Guang-
zhou, China) was maintained in DMEM medium (Life Tech,
Grand Island, USA) containing 10% FBS (Gibco, Grand
Island, USA) with addition of antibiotics, and cultured at
37 °C under 5% CO,.
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Drug Treatment

FAN purchased from Selleck (Shanghai, China) was dissolved
using dimethyl sulfoxide (DMSO) and diluted with DMEM
medium. HT22 neuronal cells were seeded in 96-well plates
and six-well plates (5% 10* cells per mL) (Corning, Corning,
NY, USA). Twelve hours after seeding, cells were treated
with indicated concentrations of FAN for 2 h and then incu-
bated with glutamate (Sigma-Aldrich, St. Louis, MO, USA)
for another 24 h. In a separate experiment, Brusatol (80 nM),
an inhibitor of Nrf2, was added to cells for 2 h before FAN
treatment.

Cell Viability Assay

Cell morphology was observed under the microscope (Nikon,
TE200, USA), and cell viability was determined using
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltertrazolium bro-
mide (MTT, Sangon Biotech, Shanghai, China) assay. Cells
were incubated with 0.5 mg/mL MTT (100 pL per well) for
3 hat 37 °C. The cultured medium was then replaced by 100%
DMSO (100 pL per well) and gently shaking for 5 min. The
absorbance was recorded at a wavelength of 490 nm (DTX
800, Beckman Coulter, USA).

Measurement of ROS Level

HT?22 neuronal cells were treated with FAN for 2 h before
glutamate stimulation. Then replace the DMEM medium to
100 pL Na™ medium (132 mM NaCl, 4 mM KCl, 1 mM CaCl,,
1.4 mM MgCl,-6H,0, 1.2 mM NaH,PO,-2H,0, 6 mM Glu-
cose, 10 mM HEPES, pH 7.4) containing 10 pM H,-DCFDA.
Cells were cultured at 37 °C for 45 min followed by three times
washes with Na* medium and photographed under the fluo-
rescence microscope (TE200, Nikon, Melville, USA). Then
cells were extracted using 100 pL 1% SDS buffer (1% SDS
and 5 mM Tris—HCI) and fluorescence was recorded at Ex/
Em=485/520 nm (DTX 800, Beckman Coulter, USA).

Intracellular SOD Activity Measurement

HT22 neuronal cells were treated with FAN for 2 h before 6 h
glutamate stimulation. The SOD enzymatic activity was deter-
mined using a commercial assay kit (Jiancheng Biochemical,
Nanjing, China). Pierce BCA protein assay kit (Thermo Sci-
entific, IL, USA) was used to measure the amount of protein.

Free Radical Scavenging Assay
The direct radical scavenging ability was determined by

1,1-diphenyl-2-picrylhydrazyl (DPPH, Alfa Aesar, China)
assay. FAN (10 pL) in different concentrations were
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incubated with 150 pM DPPH ethanol solution (90 pL) for
30 min at room temperature in dark, finally measured at
517 nm wavelength (EnVision, PerkinElmer, Waltham, MA,
USA). The DPPH scavenge rate (%) =[1 — (Agmple ~ Ablank)’
(A — Apan)]1 % 100%.

control

Real-Time Polymerase Chain Reaction (RT-PCR)

Total cellular RNA was extracted using Trizol reagent (Life
Tech, Grand Island, USA). PrimeScript RT Master Mix kit
and SYBR Premix ExTaq kit (Takara Biomedical Technol-
ogy, Beijing, China) were used for reverse-transcribed and
RT-PCR according to the manufacturer’s instruction. Prim-
ers are as follows: Keapl: forward, 5'-CCAGATTGACAG
CGTGGTTC-3'; reverse, 5'-GGTTGAAGAACTCCTCCT
GCT-3"; GAPDH: forward, 5'-GGTCCCAGCTTAGGTTCA
TCA-3'; reverse, 5'-CCGTTCACACCGACCTTCA-3'".

Transient Transfection with siRNA

HT22 neuronal cells were seeded for 12 h at 2x 10* cells
per mL in 96-well plates and six-wells plates. Cells were
transfected with 10 nM siRNA duplex (Jima Biotechnology,
Shanghai, China) using Lipofectamine RNAIMAX (Thermo
Scientific, Rockford, IL, USA). After 24 h treatment with
siRNA, the medium was replaced and the cells were treated
with FAN for 2 h and then incubated with 10 mM glutamate
for 24 h. The sequences used to knockdown mouse Keapl
expression were as follows: forward, 5'-GAAGCAAAUUGA
UCAACAAT-3"; reverse, 5'-UUGUUGAUCAAUUUGCUU
CTT-3".

Western Blotting Analysis

Western blotting analysis was performed as previous
described (Feng et al. 2019). The antibodies we used were
as follows: anti-HO-1 (1:5000, Sigma-Aldrich, St. Louis,
MO, USA), anti-B-actin (1:10000, Sigma-Aldrich, St. Louis,
MO, USA), anti-Nrf2 (1:500, Abcam, Cambridge, UK),
anti-Keap1 (1:5000, Proteintech, Wuhan, China), and horse-
radish peroxidase-conjugated secondary antibodies (1:5000,
Kangchen Biotechnology, Shanghai, China).

Statistical Analysis

Data in this study are expressed as the mean =+ standard error
of mean (SEM). One-way ANOVA with Turkey’s test was
used for the multiple comparisons, and unpaired student’s ¢
test was used to analyze the differences between two groups.
P-value below 0.05 was considered significant.

Results
FAN Attenuates Glutamate-Induced Neurotoxicity

In order to identify the effect of FAN on glutamate-induced
neurotoxicity, HT22 cells were treated with FAN for 2 h
before glutamate stimulation. Stimulation of glutamate alone
on HT22 cells showed changes in cell morphology which
became shrinkage and debris, while pretreatment with 5 pM
FAN remarkably attenuated these morphological damages
(Fig. 1a). Consistent with the cell morphological changes,
significant reduction of cell viability induced by glutamate
could also be observed. In contrast, pretreatment with FAN
(1, 3, and 5 pM) dose-dependently alleviated glutamate-
induced cell viability reduction (Fig. 1b). FAN at 5 pM
showed a maximum protection, and 5 pM was therefore
chosen as the optimal concentration for further studies.
Effects of FAN alone on cell viability was also investigated,
and result showed various concentration of FAN had no sta-
tistical different effect on the cell viability of HT22 cells
(Fig. Ic).

FAN Alleviates the Overproduction of ROS
and the Reduction of SOD Induced by Glutamate

We identified the antioxidant properties of FAN in both cel-
lular and molecular level. In HT22 cells, intracellular ROS
level was markedly increased after glutamate stimulation
for 6 h, while the generation of ROS was markedly allevi-
ated when cells were pretreated with 5 pM FAN (Fig. 2a,
b). To further evaluate the antioxidant activity of FAN in
HT?22 cells, SOD enzymatic activity was measured. Intracel-
lular SOD enzymatic activity was considerably decreased
with glutamate exposure in 6 h; however, this trend can be
reversed by pretreatment with FAN for 2 h (Fig. 2c). DPPH
scavenging assay, an approach widely used for the evaluation
of compounds’ antioxidant property (Brand-Williams et al.
1995), was used to measure the direct radical scavenging
effect of FAN, with trolox as a positive control. The result
showed that FAN had a stronger DPPH scavenging capac-
ity (EC5,=26.70+1.37 pM) compared to that of Trolox
(EC5,=37.05+0.60 pM) (Fig. 2d).

FAN Increases HO-1 Protein Level

Nrf2/ARE, an important endogenous defense mechanism, is
considered as an expected therapeutic target against oxida-
tive glutamate toxicity, and HO-1 is one of the most essen-
tial downstream effectors of Nrf2/ARE signaling pathway
(Lavrovsky et al. 2000). Therefore, the influence of FAN
on the protein level of HO-1 was firstly evaluated. Results
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Fig.1 FAN protected HT22 cells against glutamate-induced cyto-
toxicity. a Phase-contrast micrographs (10x) of cells subjected to
different treatments. Scale bar=100 pm. b Cells were pretreated
with indicated concentrations of FAN for 2 h, and then exposed to
10 mM glutamate for 24 h. ¢ HT22 cells were treated with indicated

showed that within 6 h, treatment with 5 pM of FAN alone
time-dependently up-regulated the protein level of HO-1,
with significant changes at 3 and 6 h treatment (Fig. 3a).
Glutamate exposure also induced a significant enhancement
in HO-1 level, while pretreatment with FAN 2 h before glu-
tamate stimulation persistently up-regulated the protein level
of HO-1 (Fig. 3b).

FAN Increases Nrf2 Protein Level in HT22 Cells

Whether the enhancement of HO-1 in protein level related
to the activation of its upstream protein, Nrf2, needed to be
further investigated. And in attempt to figure out this hypoth-
esis, we investigated the protein level of Nrf2. Treatment
with 5 pM FAN dramatically up-regulated the protein level
of Nrf2 within 6 h compared to the control group (Fig. 4a
and Supplementary Fig. 1). Similar to the changes in HO-1
level, glutamate exposure led to a significant enhancement
in the level of Nrf2, and pretreatment with FAN 2 h before
glutamate stimulation persistently up-regulated the protein
level of Nrf2 in the whole cell lysate (Fig. 4a). As generally
known, in the normal condition, Nrf2 is presented in the
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concentration of FAN alone for 24 h. Cell viability was determined
using the MTT assay. Data were from three independent experiments.
###P <(,001 versus the control group, ##P <0.001 versus the gluta-
mate-treated group

cytoplasm and translocated into the nucleus under oxida-
tive stress. To further investigate whether FAN treatment
alters the Nrf2 nucleus translocation, we isolated nuclear and
cytoplasmic extracts and found that 6-h treatment with FAN
up-regulated the protein level of nuclear Nrf2, indicating
that Nrf2 was translocated to the nucleus (Fig. 4b). We then
hypothesized that the role of FAN in prevention glutamate-
induced cell death might be relevant to the activation of
Nrf2. In attempt to further probe the role of Nrf2 in the pro-
tective effects of FAN, brusatol, an inhibitor of Nrf2 which
can provoke a rapid depletion of Nrf2 protein (Olayanju
et al. 2015) was used. Compared with FAN-treated group,
co-incubation with 5 pM FAN and 80 nM brusatol potently
suppressed the enhancement of Nrf2 protein and concomi-
tantly reduced the up-regulation of HO-1 stimulated by FAN
(Fig. 4c¢). In addition, co-incubation with FAN and brusatol
blocked the neuroprotective effects of FAN (Fig. 4d).

FAN Decreases the Expression of Keap1

Under physiological condition, Nrf2 binds to Keapl as a
complex and undergoes ubiquitination and proteasomal
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Fig.2 FAN inhibited glutamate-induced ROS formation and restored
the depletion of intracellular SOD enzymatic activity. Cells were pre-
treated with 5 pM FAN for 2 h and then exposed to 10 mM glutamate
for 6 h. a H,DCF-DA fluorescence were analyzed by visual obser-
vation of cell morphology through fluorescence microscopy (10 X),
scale bar=100 pm (A). b The production of ROS was measured by
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degradation in cytoplasm (Nguyen et al. 2009). In con-
trast, Keapl was degraded and separated form Nrf2 for the
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nuclear translocation of Nrf2 under oxidative insult (Bryan
et al. 2013). To investigate whether regulation of Keapl
mediated the protective effects of FAN, the expression
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Fig.4 Nrf2 mediates the protection of FAN against glutamate-
induced cytotoxicity in HT22 cells. a Western blot analysis of Nrf2
protein level in the whole cell lysate after treatment with FAN for
2 h and exposed to glutamate for 6 h. b Western blot analysis of Nrf2
protein level in nucleus and cytoplasm. ¢ Cells were pretreated with/
without 80 nM brusatol for 2 h, followed by incubating with/without
5 uM FAN for 6 h. Western blot analysis of Nrf2 and HO-1 protein

of Keapl was measured. Within 6 h, treatment with FAN
alone time-dependently down-regulated the protein level of
Keapl (Fig. 5a). Similarly, treatment with FAN alone also
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decreased the expression of Keapl in mRNA level signifi-
cantly in 6 h (Fig. 5b). Moreover, we overexpressed Keapl
to investigate the influence on FAN-induced changes in Nrf2
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and HO-1 levels. The result showed that, FAN alone could
up-regulate the protein levels of Nrf2 and HO-1, while in
the presence of Keapl overexpression, these changes were
significantly reversed (Supplementary Fig. 2). To further
probe the role of Keapl1 in the protective effects of FAN, we
used small interfering RNA to knockdown Keap1. Transfec-
tion with Keapl siRNA significantly reduced the expres-
sion of Keapl in protein level compared to nontargeting
control (NC) siRNA (Supplementary Fig. 3). Furthermore,
no significant changes were shown in cell viability between
siKeap1-FAN-glutamate-treated group and siKeap1-gluta-
mate-treated group, and silencing Keap1 could prevent cells
against oxidative glutamate toxicity (Fig. 5c).

Discussion

The primarily oxidative stress triggered by excessive glu-
tamate, which called oxidative glutamate toxicity, has been
considered to contribute largely to neuronal injury in many
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Fig.5 FAN decreases the protein and mRNA levels of Keapl. a
Western blot analysis of Keapl protein level after HT22 cells were
treated with FAN for indicated times. b RT-PCR results of Keapl
mRNA level after HT22 cells were treated with FAN for indicated

neurodegenerative diseases (Coyle and Puttfarcken 1993;
Tan et al. 2001). And here, we firstly discovered that FAN,
a natural alkaloid, potently activates the endogenous survival
pathway Keap1-Nrf2 signaling pathway to protect HT22
cells against oxidative glutamate neurotoxicity.

The present study identified that FAN markedly prevented
HT?22 cells from oxidative glutamate toxicity (Fig. 1a, b).
Generally, glutamate-induced neurotoxicity has been shown
in two pathways, one is the ionotropic glutamate receptor-
mediated excitotoxicity, and the second distinct pathway
is non-receptor-mediated oxidative toxicity (Murphy et al.
1989). Although previous studies have reported that FAN
could suppress the release of glutamate and inhibit iono-
tropic glutamate receptor-medicated excitotoxicity by the
inhibition of Ca** influx (Kim et al. 2001; Koh et al. 2003;
Lin et al. 2009), which are quite different from our find-
ings on protective effects of FAN against glutamate-induced
but non-receptor-medicated oxidative neuronal damage, as
present study was performed under excessive glutamate
exposure and in a cellular system (HT22 cells) lack of the
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was measured by MTT after different treatments. Data were from four
independent experiments. *P<0.05, **P<0.01 versus the control
group, #P <0.01 versus the glutamate-treated group
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functional ionotropic glutamate receptor. Besides, FAN (0.3
to 5 pM) had no significant influence on the cell viability
when treated alone (Fig. 1c), suggesting the neuroprotective
effects of FAN were not based on the simple effect of cell
proliferation.

The accumulation of ROS and reduction of SOD activ-
ity are two primary pathological processes in glutamate-
induced neuronal cell death (Kang et al. 2014; Chao et al.
2014) and an variety of molecules has been reported to pre-
vent neuron death from oxidative glutamate cytotoxicity by
blocking ROS production and SOD deduction (Jeong et al.
2014; Li et al. 2017). We thus measured the influence of
FAN on the intracellular ROS level and SOD activity. Simi-
lar as previous study (Chao et al. 2014), our results indicated
that high concentration glutamate could consequently lead
to the overproduction of ROS and reduce the enzymatic
activity of SOD, while FAN treatment significantly reduced
the generation of glutamate-induced intracellular ROS and
reversed the reduction of SOD activity (Fig. 2b, c), indi-
cating the neuroprotective effects of FAN may happened
in a ROS and SOD-dependent manner. Although previous
study has shown that FAN inhibited hydrogen peroxide-
induced generation of ROS (Koh et al. 2003), in contrast
to H,0,-induced cytotoxicity model, in oxidative glutamate
toxicity model, ROS are generated endogenously rather than
the supplementary from externally that leading to cell injury,
suggesting that FAN may potently active the endogenous
antioxidant defense system besides direct ROS scavenging.
In fact, our results found that FAN had the capability to scav-
enge DPPH free radicals (Fig. 2d), which is in compliance
with the previous research (Gulcin et al. 2010). As the DPPH
scavenging ratio of FAN was only 14.3% at 5 pM (Fig. 2d),
the working concentration against oxidative glutamate toxic-
ity, indicating that the direct DPPH scavenging capacity of
FAN may only partially contribute to its prevention effects
against oxidative glutamate cytotoxicity.

Taken together, we hypothesized that other mechanisms
may be involved in FAN against neurotoxicity, such as the
activation of endogenous antioxidant signaling pathway.
We further assessed the association between FAN’s protec-
tion against glutamate oxidative damage and regulation of
Keap1-Nrf2, one of the main endogenous antioxidant signal-
ing pathways to resist oxidative stress (Fan et al. 2017b). To
our delight, we observed that FAN significantly up-regulated
the protein level of HO-1 (Fig. 3) and Nrf2 (Fig. 4a, b) in
HT?22 cells, indicating that FAN may activate Nrf2/ARE
pathway. Our subsequent study employing brusatol, a unique
inhibitor of Nrf2, demonstrated that inhibiting the Nrf2 sign-
aling leads to a reduction of HO-1 in protein level (Fig. 4¢),
and blockage of the protective effects of FAN against oxi-
dative glutamate neurotoxicity (Fig. 4d), indicating that the
protective role of FAN against oxidative glutamate neurotox-
icity might be largely mediated by activing Nrf2.
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Nrf2 is a main factor of the Keapl-Nrf2-HO-1 sign-
aling pathway. Upon activation, Nrf2 is separated from
Keapl and translocated into the nucleus and conse-
quently enhance nuclear Nrf2 level (Prasad 2016; Xiang
et al. 2018). And we wonder whether the up-regulation of
Nrf2 protein level by FAN was related to the regulation
of Keapl. Our study found that FAN treatment decreased
the expressions of Keap1l in both mRNA and protein levels
(Fig. 5a, b). When silencing Keap1, no significant differ-
ence was found in the cell viability between glutamate-
exposed groups with or without FAN treatment (Fig. 5c¢),
indicating that the oxidative damage induced by glutamate
can be largely alleviated through downregulation of Keapl
and FAN didn’t exhibit additional benefits when inhibit-
ing Keapl signaling, which suggests that the protection
of FAN against glutamate-induced oxidative cytotoxicity
may closely related to its regulation on Keapl expression.
Our study indicates that FAN may directly down-regulate
Keapl gene expression and consequently promote the acti-
vation of Nrf2-dependent anti-oxidative pathway, which
is mechanistically distinct from most active compounds
which activating Nrf2 signaling through inhibiting Keap1
ubiquitination (Lee and Jeong 2016; Prasansuklab et al.
2017; Wei et al. 2018). Our results together with the bene-
ficial effects of Keap1 silencing against glutamate-induced
cell damage suggest that the direct regulation of Keapl
expression may be an alternative and effectively approach
to battle oxidative glutamate toxicity.

In summary, our work demonstrates that FAN prevents
HT22 cell death from glutamate-induced non-receptor-
medicated oxidative neuronal damage and for the first time
reveals the underlying mechanism may involve regulating
Keap1/Nrf-2 antioxidation signaling via downregulation
of Keapl expression, which may provide new clues for
the anti-oxidative drug development. Further investigation
will be needed to judge this approach and the systemati-
cally evaluate the efficacies and mechanisms of FAN.
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