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Background: Achyranthes bidentata polypeptide fraction k (ABPPk) has been shown to protect ischemic
stroke and Parkinson’s disease, and can inhibit neuroinflammation in lipopolysaccharide (LPS)-activated
BV2 microglia. However, the effect of ABPPk responsible for alleviating microglial neurotoxicity remains
unknown.

Methods: Primary microglia were cultured to investigate the effect of ABPPk on LPS-induced
neuroinflaimmation. Microglia conditioned medium (MCM) was collected to stimulate primary cortical
neurons and then the neuronal viability, lactate dehydrogenase (LDH) release, intracellular calcium influx,
mitochondria membrane potential (MMP) were assessed, respectively. Postnatal day 5 Sprague-Dawley
rat pups were intracerebral injected with LPS to establish an LPS-induced brain injury model. Double
immunohistochemical staining for NeuN and Ibal was performed to evaluate the effects of ABPPk on LPS-
induced neuronal damage and microglial activation. TUNEL assay was conducted to detect cell apoptosis
in LPS-injected brain. The effect of ABPPk on LPS-induced NADPH oxidase 2 (NOX2) expression and
reactive oxygen species (ROS) production as well as the phosphorylation of protein kinase B (Akt) was
detected. Moreover, LY294002 (a specific PI3K inhibitor) and SC79 (a specific Akt activator) were used to
further reveal the underlying mechanism.

Results: ABPPk pretreatment inhibited LPS-induced NLRP3 and cleaved caspase 1 expressions as well
as the mRNA levels of IL-1p and IL-18. Moreover, ABPPk inhibited glutamate release from LPS-activated
microglia in a concentration-dependent manner. MCM stimulation resulted in characteristic neuronal
toxicity including neuronal viability decrease, LDH release increase, calcium overload, and MMP drop.
However, ABPPk pretreatment on microglia reduced the neurotoxicity of MCM. LPS intracerebral injection
led to neuronal damage, microglial activation and cell apoptosis in the brain, while ABPPk preadministration
significantly inhibited LPS-induced microglial activation and alleviated the brain injury. ABPPk pretreatment
inhibited NOX2 expression and ROS production in LPS-activated primary microglia. Signaling pathway
analysis showed that ABPPk promoted the phosphorylation of Akt in microglia and inhibited LPS-
upregulated NOX2 expression, ROS production, and glutamate release, which can be eliminated by
pharmacological inhibition of PI3K. Specific Akt activator could inhibit LPS-induced NOX2 expression,
ROS production and glutamate release.

Conclusions: The present results suggested that ABPPk could alleviate neurotoxicity of LPS-activated
microglia via PI3K/Akt dependent NOX2/ROS pathway.
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Introduction

Achyranthes bidentata (A. bidentata) is a famous traditional
Chinese medicine, with the effect of dissipating blood
stasis, nourishing liver and kidney, and strengthening
muscles and bones (1,2). A. bidentata contains a variety of
bioactive components, including saponins, polysaccharides,
and polypeptides. Our research team carried out a series
of studies on the aqueous extract of 4. bidentata and A.
bidentata polypeptides (ABPP) and showed that the aqueous
extract of A. bidentata could combat glutamate-induced
neurotoxicity in hippocampal neurons (3), ABPP could
resist excitatory toxic neuronal injury through inhibiting
the N-methyl-D-aspartate (NMDA) receptors 2B
subunit (4), while further purification and analysis of
ABPP showed that the fraction k (ABPPk) had the best
neuroprotective effect in cerebral ischemic model and
Parkinson’s disease model (5-7). In addition, recent studies
have shown that ABPPk could reduce the production
of nitric oxide (NO), prostaglandin E2 (PGE2), tumor
necrosis factor a (TNF-a), and interleukin 6 (IL-6) in
lipopolysaccharide (LPS)-activated BV2 microglia (8).
However, the mechanisms by which ABPPk alleviate the
neurotoxicity of activated microglia remain unclear.

As innate immune cells in the brain, microglia are usually
the first responders to brain injury (9). Microglia activated
by injury rapidly undergo morphological changes, from
ramified to amoeba-like morphology and serve a dualistic
role performed by different polarization phenotypes in
response to different microenvironmental cues (10). On
the one hand, alternatively activated M2 microglia produce
chemokines to recruit additional cells to clear pathogens
and cell debris, resolve local inflammation, and release
nutritional factors to promote brain recovery. On the other
hand, classically activated M1 microglia produce pro-
inflammatory cytokines, reactive oxygen species (ROS),
excitatory amino acid and so on to magnify tissue damage
and hinder central nervous system repair (11-13). Studies
in cultured neurons demonstrated that most of microglia-
derived inflammatory cytokines, superoxide, nitric oxide
(NO), etc. can damage neurons and lead to necrosis or
apoptosis through a cascade reaction. Excitatory amino
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acid, especially glutamate, released by activated microglia
can cause excitatory neurotoxicity leading directly to
neuronal death, which is thought to be the primary cause
of neurotoxicity of microglia (14-18). LPS stimulation
triggered oxidative stress and respiratory burst in microglia,
leading to continuous release of glutamate, which may
be the key to the conversion of oxidative stress into
excitatory toxic stress in neuroinflammation (19,20), and
active ingredients or compounds that can interfere with
these events, including the regulation of glutamate release
from activated microglia, may be useful in the treatment
of neuroinflammatory diseases (21). We speculate that
intervention with ABPPk in microglia would reduce its
neurotoxicity. In this study, we investigated the effect of
ABPPk on the neurotoxicity of LPS-stimulated microglia.
In vitro, the toxicity of LPS-activated microglia conditioned
medium (MCM) on neurons was evaluated from the aspects
of cell viability, lactate dehydrogenase (LDH ) release,
calcium influx and mitochondrial membrane potential
(MMP) changes. In vivo, the effect of ABPPk on LPS-
induced neuronal death, microglial activation, and cell
apoptosis was investigated, and the mechanism of ABPPk
alleviating microglial neurotoxicity was explored. We
present the following article in accordance with the MDAR
reporting checklist (available at https://dx.doi.org/10.21037/
atm-21-4027).

Methods
Reagents and antibodies

LPS (Escherichia coli O111:B4) and poly-L-lysine
(PLL) were purchased from Sigma (St. Louis, USA)
and CCK-8 was purchased from Dojindo (Kumamoto,
Japan). Amplex™ Red Glutamic Acid/Glutamate Oxidase
Assay Kit (#A-12221) was purchased from Invitrogen
(Carlsbad, USA), while 2,7-Dichlorofluorescein diacetate
(DCFH-DA) kit (#S0033), 5,5',6,6'-tetrachloro-1,1',3,3'-
tetraethyl-imidacarbocyanine (JC-1) kit (#C20006), lactate
dehydrogenase (LDH) cytotoxicity assay kit (#C0017),
TUNEL apoptosis assay kit (#C1086) as well as SC79
(#SF2730) were all purchased from Beyotime (Shanghai,
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China). IL-1p ELISA kit (#BE45111) was obtained from IBL
International (Hamburg, Germany). LY294002 (#9901S)
was purchased from Cell Signaling Technology (Danvers,
USA). Dulbecco’s modified Eagle’s medium (DMEM), fetal
bovine serum (FBS), Neurobasal medium, B27, penicillin,
and streptomycin were all from Invitrogen (Carlsbad,
USA). A protein extraction kit, BCA protein assay kit, and
ECL Western Blotting Substrate were all purchased from
Thermo Fisher Scientific (Waltham, USA). Antibodies
specific for caspase 1 (#ab207802), NeuN (#ab104224), and
NOX2 gp91phox (#ab80508) were obtained from Abcam
(Cambridge, UK) and antibodies specific for NLRP3
(#151018S), phosphorylated-Akt (Ser473) (#4060S), Akt
(#9272S) and B-actin (#3700S) were obtained from Cell
Signaling Technology (Beverly, USA). Antibody specific for
Ibal (#019-19741) was obtained from Wako (Kyoto, Japan).

Preparation of ABPPk

The root of 4. bidentata was purchased from a local Chinese
medicine grocer and identified by the pharmacist. ABPPk
was isolated from A. bidentata and purified by HPLC as
previously described (5,22).

Primary cell culture and treatment

Primary microglia were isolated from the brain of newborn
1 d C57BL/6 mouse pups using a simple culture procedure
with some modifications as reported previously (23).
Briefly, the cortical and hippocampal tissues were digested
with 0.125% trypsin at 37 °C for 15 min, then 1 mL FBS
was added to terminate the digestion. The homogeneous
cell suspension was plated in PLL-coated Corning T-75
flasks containing DMEM supplemented with 10% FBS
and antibiotics. The culture medium was changed the next
day to remove cell debris. Within 7 days, the astrocytes at
the bottom of the flask formed a layer of fused cells, while
microglia and some oligodendrocytes grew at the top of the
astrocyte layer. On the 8th day of culture, microglial cells
were recovered by trypsin proteolysis using 0.05% trypsin.
These resulting cells were purified microglia and were
seeded in PLL-coated culture plates at a proper density. To
examine the effect of ABPPk on LPS-activated microglia,
cells were pretreated with different concentrations of ABPPk
(0.2, 1, and 5 pg/mL) for 30 min followed by LPS (1 pg/mL)
stimulation for 24 h, then the subsequent experiments were
performed as designed. The concentration of ABPPk was
referred to our previous study (8).
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Primary cultures of cortical neurons were obtained
from embryonic day 16 (E16) Sprague-Dawley (SD) rats’
embryos as previously described (24). In brief, the cortical
tissues were harvested and digested enzymatically into
cell suspensions. Cells were then re-suspended in DMEM
containing 10% FBS at a proper density and plated onto
PLL-coated cell culture plates, followed by incubating in
humidified atmosphere of 95% air and 5% CO, at 37 °C.
After 4 h, and when cells had attached to the substrate,
the medium was exchanged to Neurobasal medium
supplemented with 2% B27 supplement, then re-incubated
for 7 days for follow-up experiments.

Quantitative real-time polymerase chain reaction
(qRT-PCR)

Total RNA of microglia was extracted after 24 h stimulation
in the presence or absence of ABPPk pretreatment using
RNeasy Mini Kit (QIAGEN, CA, USA), then ¢cDNA was
synthesized from total RNA by reverse transcription using
Omniscript RT kit (QIAGEN) as per the manufacturer’s
instructions. qPCR was carried out in the Stepone RT-
PCR instrument (Applied Biosystems, CA, USA) using
SYBR Green Supermix (Bio-Rad, CA, USA). The
housekeeping gene Gapdh was served as an internal control.
Primers were designed and synthesized by GENEray
Biotechnology (Shanghai, China). The primer sequences
were as follows: IL-1B, F: GAGAGCATCCAGCTTCAAA,
R: TCATCATCCCACGAGTCA; IL-
18, F: AACGAATCCCAGACCAGAC, R:
AGAGGGTAGACATCCTTCCAT; Gapdh, F:
CGTATTGGGCGCCTGGTCACCAG; R:
GACCTTGCCCACAGCCTTGGCAGC.

Measurement of extracellular glutamate

To evaluate the effect of ABPPk on LPS-induced
glutamate release, microglia were planted on 96-well
plates at a density of 5x10° cells/mL, then pretreated with
0.2 pg/mL, 1 pg/mL or 5 pg/mL ABPPk for 30 min
before 1 pg/mL LPS stimulation. After incubation for
24 h, glutamate release was detected by Glutamate assay
kit according to the instructions; add 50 pL of the Amplex
Red regent to each microplate well (10 wells per group),
then the cells were incubated for 30 min at 37 °C in dark,
while the untreated cells served as control. Fluorescence
was measured in a microplate reader using the excitation of
530 nm and emission of 590 nm, and the amount of
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glutamate released (M) was calculated using the standard
curve.

Microglia conditioned medium (MCM) system

MCM was prepared as previously described (25). Microglia
were seeded at a density of 5x10° cells/mL in a 6-well
culture plate, and after the cells were pre-treated with
5 pg/mL ABPPk for 30 min, 1 pg/mL LPS were added
in the culture media. After 24 h, the culture media were
collected and centrifuged at 1,200 rpm for 5 min to obtain
the supernatant, which served as MCM. LPS stimulation
without ABPPk pretreatment made L-MCM, and LPS
stimulation after ABPPk pretreatment made A+L-MCM.

Cell viability assay

Cortical neurons were seeded in a 96-well plate with a
density of 1x10° cells/mL for 7 d, when the medium was
removed and washed once with PBS solution. The prepared
MCMs were used to stimulate the neurons for 24 h
(10 wells per group), then 10 pL. CCK-8 was added to
each well and incubated at 37 °C in a water bath in the
dark for 2 h to detect the cell viability. The absorbance was
determined at a wavelength of 450 nm using a microplate
reader (BioTek, Vermont, USA). The data were presented

as the percentage of cell viability relative to the control.

Lactate debydrogenase (LDH) release assay

Cortical neurons were seeded in a 96-well plate with a
density of 1x10° cells/mL for 7 d, at which time the medium
was removed and then washed with PBS once. MCMs were
then added for stimulation (10 wells per group), and after
cultured for 24 h, 150 pL. PBS-diluted LDH release reagent
was added to each well. The plate was then shaken well,
incubated for a further 1 h, then centrifuged at 1,000 rpm
for 5 min; 120 pL supernatant was taken from each well
and transferred into a new 96-well plate for determination,
where a 60 pL LDH test solution was added to each
well before mixing and incubation in the dark at room
temperature for 30 min. The absorbance was determined at
a wavelength of 490 nm using a microplate reader (BioTek,
Vermont, USA). The data were presented as the percentage
of cytotoxicity relative to the control.
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Measurement of intracellular Ca®

Cortical neurons were planted at a density of 1x10° cells/
mL onto a 96-well plate for 7 d, and after stimulation with
different MCMs (6 wells per group), the intracellular Ca’*
concentration was measured with Fluo-4/AM by scanning
laser confocal microscopy (Leica TCS SP2, Wetzlar,
Germany). The cells were loaded with 5 pM Fluo-4/AM in
Hank's solution at 37 °C in the dark for 45 min, then washed
gently to remove extracellular Fluo-4/AM dye. Prior to
stimulation, the dye-loaded cells were scanned for 100 s to
obtain a basal level of intracellular Ca®. Fluorescence was
monitored every 10 s over a total period of 900 s (excitation
at 488 nm and emission at 526 nm). The intensity was
quantified over randomly 30 single neurons, and the data
were expressed as the relative fluorescence intensity over
the control.

Detection of mitochondria membrane potential (MMP)

The MMP (A¥m) of cortical neurons was detected with a
fluorescent probe JC-1. For fluorescence images, cortical
neurons were planted at a density of 1x10° cells/mL onto
PLL-coated slides for 7 d, and after stimulation with
MCMs (3 slides per group), cultures were incubated with
2 mM JC-1 at 37 °C for 15 min. Slides were washed and
mounted, and fluorescence images were acquired with a
fluorescence microscope (Leica, Wetzlar, Germany). For
flow cytometry, cortical neurons were planted at a density of
1x10° cells/mL onto a PLL-coated 24-well plate for 7 d,
and after stimulation with MCMs (3 wells per group), cells
were collected and washed in PBS. After being re-suspended
and adjusted to the density of 1x10° cells/mL, cells were
incubated with 2 mM JC-1 at 37 °C for 15 min, then
washed and analyzed by flow cytometer (BD FACSCalibur,
BD Bioscience, San Jose, CA). Photomultiplier settings
were adjusted to detect JC-1 aggregate red fluorescent
signals on FL2 detector (585 nm) and JC-1 monomer
green fluorescent signals on FL1 detector (525 nm), then
the percentage of living cells and apoptotic cells were
calculated, respectively.

Measurement of ROS

For ROS analysis of primary microglia, cells were seeded in
96-well plates at a density of 5x10° cells/mL, and grouped
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according to the experimental design (10 wells per group).
After washing with DMEM, the cells were stained with
10 ptM DCFH-DA in DMEM for 20 min at 37 °C in the
dark, then washed twice with DMEM. Fluorescence of
each group was detected by fluorescence microplate reader
(BioTek, Vermont, USA) with excitation at 484 nm and
emission at 530 nm, and the data were expressed as the
percentage of fluorescence intensity to the control.

Animal model

A total of 18 postnatal 5-day Sprague-Dawley (SD) rat
male pups were supplied by the Experimental Animal
Center of Nantong University. The study was approved by
the Administration Committee of Experimental Animals
of Nantong University. All the experimental procedures
were performed according to the Chinese Guidelines for
the Care and Use of Laboratory Animals. Rat pups were
randomly separated into 3 groups (6 animals per group):
sham operation (Sham group), LPS injection (LPS group),
and ABPPk pre-administration followed by LPS injection
(ABPPk group). Model of LPS-induced brain injury was
referred to previously reported literatures (26-28). The
rat pup was anesthetized by intraperitoneal injection of
avertin (1.25% bromethol, 0.2 mL/10 g body weight) (AIBI
Bio-Tech, Nanjing, China), then a volume of 2 pL. LPS
(1 mg/kg) was injected using a microsyringe which was
inserted perpendicularly through the skull to the brain at
the location of 1.0 mm posterior and 1.0 mm left to the
bregma, and 2.0 mm deep in a stereotaxic apparatus (RWD
68019, RWD, Shenzhen, China). Rat pups in the ABPPk
group were first administrated with 2.5 mg/kg ABPPk (total
volume of 2 pL) at the same location, and then injected with
2 pL LPS (1 mg/kg) 10 min later. Rat pups in the Sham
group only exposed the skulls, but no injections were given.
All animals survived the intracerebral injection and no one
was excluded.

Immunofluorescence staining

Six hours after LPS injection, three rat pups of each
group were sacrificed by transcardiac perfusion with
saline followed by 4% paraformaldehyde (PFA) for brain
section preparation. The brain was removed and post-
fixed overnight in 4% PFA at 4 °C, followed by gradient
dehydration with sucrose solution. Coronal frozen brain
sections at 10 pm of thickness were prepared in a cryostat
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for immunofluorescence labeling. After blocking with
0.1% Triton X-100 and 5% normal goat serum at room
temperature for 1 h, the sections were then incubated
with mouse anti-NeulN (diluted 1:600) and rabbit anti-
Ibal (diluted 1:300) overnight at 4 °C. After washing
with PBS, the slices were incubated with Alexa Fluor
555 or 488-conjugated secondary antibodies (goat anti-
mouse, diluted 1:2,000; goat anti-rabbit, diluted 1:2,000,
Molecular Probes, USA) in the dark at room temperature
for 1 h. The slides were coverslipped with mounting media
containing DAPI (Vector, USA) then photographed under
a fluorescence microscope. The number of NeuN positive
and Ibal positive cells were counted by a blind investigator.

Terminal deoxynucleoitidyl transferase-mediated dUTP
Nick-end labeling (TUNEL) assay

TUNEL assay kit was used to evaluate the apoptosis of
cells in the brain 6 h after LPS injection. The frozen brain
sections were washed with PBS twice for 10 min each
time, then incubated with 0.5% Triton X-100 at room
temperature for 5 min. Add 50 pL TUNEL detection
solution to each section, and incubate at 37 °C for 1 h in the
dark. Cover the slices with cling film to prevent evaporation
of the TUNEL detection solution. After washing with
PBS, slides were coverslipped with DAPI mounting media
and photographed under the fluorescence microscope.
The number of apoptotic cells were counted by a blind
investigator and presented as TUNEL-positive cells/mm”.

Enzyme-linked immunosorbent assay (ELISA)

Six hours after LPS injection, three rat pups of each group
were sacrificed and the brains were removed quickly. After
washing with pre-cooled saline, the brains were dried
with filter paper and weighed. Pre-cooled homogenizing
medium was added at a weight/volume ratio of
1:10 (mg/pL), homogenized in ice bath for 3 min, then
centrifuged at 15,000 rpm at 4 °C for 10 min. IL-1f content
in the supernatant was detected using the IL-1p ELISA
kit, and the absorbance was measured at 450 nm using a
microplate reader (BioTek, Vermont, USA). The content of
IL-1pB was calculated per gram of protein (pg/g).

Western blot analysis

The whole cell lysates of microglia were extracted and
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collected by centrifugation (13,000 rpm, 10 min, 4 °C), and
protein concentrations were determined with Pierce™ BCA
protein assay. Proteins were electrophoresed on 10% SDS-
polyacrylamide gel and transferred to a PVDF membrane
(Millipore, Bedford, MA, USA) which were then blocked in
5% non-fat milk for 1 h at room temperature and incubated
with the specific primary antibodies (NLRP3, diluted
1:1,000; caspase 1, diluted 1:1,000; p-Akt, diluted 1:2,000;
Akt, diluted 1:1,000; NOX2, 1 pg/mL; and B-actin, diluted
1:1,000) overnight at 4 °C. The membranes were incubated
with HRP-conjugated secondary antibody for 1 h at room
temperature, and the proteins were then detected with
ECL Western Blotting Substrate. Quantitative analysis
of Western blot was performed by Image] software (NIH
Image, Washington, DC, USA).

Statistical analysis

All data were presented as mean + SD using Graph Pad
Prism 8.0 (Graph Pad software, San Diego, USA). The
results were analyzed by one-way ANOVA analysis followed
by Tukey’s multiple comparisons test. A P value less than
0.05 was considered statistically significant.

Results
ABPPFk inbibited LPS-induced microglial inflammation

Our previous study showed that ABPPk inhibited the
release of pro-inflammatory factors by LPS-activated
BV2 microglia, indicating the inhibitory effect of ABPPk
on neuroinflammation. Inflammasomes are important
components of the natural immune system and can recruit
and activate the pro-inflammatory protease caspase-1. The
active caspasel cleaves the precursors of IL-1p and IL-18
to produce the corresponding mature pro-inflammatory
cytokines (29,30). In this study, we found that ABPPk
concentration-dependently inhibited LPS-induced primary
microglial inflammasome NLRP3 protein and cleaved
caspase-1 expression levels, as shown in Figure 14, and
subsequently inhibited IL-1p and IL-18 mRNA levels, as
shown in Figure 1B,1C. In addition, LPS stimulation at
1 pg/mL significantly increased glutamate release from
microglia, while ABPPk inhibited LPS-induced glutamate
release in a concentration-dependent manner, especially
with the concentration of 1 and 5 pg/mL (Figure 1D).
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ABPPk pretreatment on microglia alleviated the MCM-
induced damage to cortical neurons

We stimulated cortical neurons with MCMs, then assessed
the neuronal damage, and the processing procedure is
shown in Figure 2A. After L-MCM stimulation for 24 h, a
large number of dead cells appeared in the culture medium
under the microscope, and most of the remaining neurons
were wrinkled and their protrusion collapsed. Although
the neurons stimulated by A+L-MCM were partially
dead, the morphology of the remaining cells was relatively
intact as shown in Figure 2B. CCK-8 results showed that
L-MCM decreased the cell viability significantly. However,
A+L-MCM showed lower neurotoxicity, and significantly
reduced neuronal activity loss compared with the L-MCM
stimulation (Figure 2C). LDH assay results showed that
L-MCM significantly increased the release of LDH
from cortical neurons. In contrast, A+L-MCM resulted
in significantly decreased LDH release from neurons
compared with L-MCM stimulation (Figure 2D).

ABPPFk pretreatment on microglia reduced the MICM-
induced calcium influx in neurons

The excitotoxic dose of glutamate binds to the neuronal
glutamate receptors, causing the calcium channel to open,
leading to calcium overload and excitotoxic injury (31).
To detect whether glutamate released by LPS-activated
microglia would cause calcium overload of neurons, Fluo-
4/AM fluorescent dye was used to detect the calcium
influx, and when different MCMs were used to stimulate
cortical neurons respectively, changes in the fluorescence
intensity of intracellular calcium were monitored by
confocal microscope (Figure 34-3C). Stimulation with
L-MCM induced a sudden increase in fluorescence
intensity, indicating an intracellular Ca™ influx. The peak
fluorescence intensity analysis of each group showed that
L-MCM significantly increased the calcium influx in
cortical neurons, while A+L-MCM significantly reduced the
Ca™ influx in neurons compared with L-MCM (Figure 3D).

ABPPFk pretreatment on microglia reduced the MICM-
induced decrease of neuronal MIMP

Mitochondria normally show high membrane potential, at
which time a JC-1 fluorescence probe will form aggregates
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Figure 1 ABPPk inhibited LPS-induced microglial inflammation. (A) Representative Western blot image and gray analysis showing the
NLRP3 and cleaved caspase 1 expressions in different treated microglia as indicated. Data are expressed as mean = SD (n=3). **, P<0.01; ***,
P<0.001. (B) Histogram showing the relative expression of IL-1B mRNA measured by qPCR. Data are expressed as mean = SD (n=3). **,
P<0.01 vs. Curl; ¥, P<0.05, ™, P<0.01 vs. LPS. (C) Histogram showing the relative expression of IL-18 mRINA measured by qPCR. Data are
expressed as mean + SD (n=3). *, P<0.05, **, P<0.01 vs. Ctrl; *, P<0.05, *, P<0.01 vs. LPS. (D) Histogram showing the impact of indicated
concentrations of ABPPk pretreatment on LPS-induced glutamate release from microglia. Data are expressed as mean + SD (n=3). *, P<0.05,
=% P<0.001, *** P<0.0001 vs. Ctrl; ¥, P<0.05, ™, P<0.001 vs. LPS. Experiments were triplicated biologically. ABPPk, Achyranthes bidentata

polypeptide fraction k; LPS, lipopolysaccharide.

in the mitochondrial matrix, presenting red fluorescence.
In the case of dysfunction, MMP would decrease, and
JC-1 could not aggregate in the matrix, but would exist as
monomers, presenting green fluorescence. In this study,
L-MCM prevented the formation of red aggregation in
neurons, and a large amount of green monomers could be
seen in the culture, which meant L-MCM induced a typical
drop of MMP. However, A+L-MCM reduced the decrease
of MMP (Figure 4A4). Flow cytometry analysis revealed
L-MCM stimulated neurons showed early apoptosis and a
reduced number of living cells, while A+L-MCM reduced
the apoptosis cell percentage significantly (Figure 4B,4C).
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These results all suggested that ABPPk pretreatment on
microglia alleviated the neurotoxicity of MCM.

ABPPk reduced neuroinflaimmmation induced by LPS
injection, protected brain neurons, and reduced cell
apoptosis

At 6 h after LPS intracerebral injection, NeuN and Ibal
double immunofluorescence staining showed that LPS
intracerebral injection resulted in cortical neuronal damage,
characterized by the decrease in the number of neurons and
the increase in the number of activated microglia, while
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Figure 2 ABPPk alleviated the neurotoxicity of MCM to cortical neurons. (A) The procedure of collecting MCM to stimulate cortical neu-

rons. (B) Typical images of neuron morphology under different stimulus conditions, observed under phase contrast microscope. Scale bar,
100 pm. (C) Cell viability of cortical neurons stimulated by MCM for 24 h. Data are expressed as mean = SD (n=3). *, P<0.05, ***, P<0.001
vs. Ctrl; *, P<0.05 vs. L-MCM. (D) LDH release of cortical neurons stimulated by MCM for 24 h. Data are expressed as mean = SD (n=3).
=% P<0.001, *** P<0.0001 vs. Ctrl; ** P<0.001 vs. L-MCM. Experiments were triplicated biologically. ABPPk, Achyranthes bidentata poly-
peptide fraction k; MCM, microglia conditioned medium; LPS, lipopolysaccharide; LDH, lactate dehydrogenase.

ABPPk suppressed LPS-induced microglial activation
significantly (Figure 54-5C). Although ABPPk didn’t
significantly reduce LPS-induced neuron loss as compared
to LPS group in this study, possibly due to the small
sample size, we can still see an improved neuronal loss in
the ABPPk group than in the LPS group. ELISA result
showed that LPS injection led to a significantly increased
level of IL-1P in the brain, while ABPPk preadministration
significantly inhibited LPS-induced IL-1p elevation
(Figure 5D). TUNEL result showed that a large number
of apoptotic cells appeared in the cortex and striatum 6 h
after LPS injection, and ABPPk preadministration could
significantly inhibit the cell apoptosis in the brain (Figure 6).
These results suggested that ABPPk inhibited LPS-induced
microglial activation and neuroinflammation, as well as
alleviated neuronal injury induced by LPS injection in the
brain.

ABPPE suppressed LPS-induced NOX2 upregulation and
ROS production in microglia

The production of ROS in activated microglia is a
prerequisite for glutamate release. The main source of ROS

© Annals of Translational Medicine. All rights reserved.

production is NOX2 gp91phox, which is the main isoform
of NADPH oxidase and abundant in microglia (19,32,33).
Our result showed that 1 pg/mL LPS stimulation for 24 h
significantly upregulated NOX2 expression in microglia,
while ABPPk pretreatment had an inhibitory effect on
NOX2 expression induced by LPS (Figure 74). The
DCFH-DA assay was used to measure the production
of intracellular ROS production. The result showed that
1 pg/mL LPS stimulation for 24 h could significantly
enhance ROS production in microglia, and ABPPk
pretreatment could inhibit the ROS production in a
concentration-dependent manner (Figure 7B).

PI3K/Akt pathway participated in the inhibition of NOX2
by ABPPk and affected the ROS production and glutamate
release of microglia

The activation of NOX2 in microglia is controlled by PI3K/
Akt dependent mechanism (34). In this study, microglia
were treated with different concentrations of ABPPk for
30 min, then the expression level of phosphorylated-Akt
(Ser473) was detected. Western blot result showed that
ABPPk promoted the phosphorylation of Akt at Ser473

Ann Transl Med 2021;9(20):1522 | https://dx.doi.org/10.21037/atm-21-4027
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Figure 3 ABPPk pretreatment on microglia reduced the MCM-induced Ca® influx into neurons. (A) Baseline of calcium fluorescence

signals from cortical neurons without stimulation. (B) Curve of calcium fluorescence amplitude of cortical neurons before and after L-MCM
stimulation, with the red arrow indicating the moment of L-MCM stimulation. (C) Curve of calcium fluorescence amplitude of cortical
neurons before and after A+L-MCM stimulation, with the red arrow indicating the moment of A+L-MCM stimulation. (D) Representative
images of Fluo-4/AM labelled calcium influx fluorescence intensity reaching its peak in cortical neurons and the analysis of peak fluorescence
intensity. Scale bar, 200 um. Data are presented as the relative fluorescence intensity quantified over 30 single neurons over control

and expressed as mean + SD (n=3). **** P<0.0001 vs. Ctrl; * P<0.0001 vs. L-MCM. Experiment was triplicated biologically. ABPPk,

Achyranthes bidentata polypeptide fraction k; MCM, microglia conditioned medium.

concentration-dependently (Figure §4). However, when
the PI3K inhibitor LY294002 was pre-treated 1 h before
5 pg/mL ABPPk, the phosphorylation of Akt was
significantly decreased in an LY294002 concentration-
dependent manner, suggesting that the activation of
Akt by ABPPk could be blocked by the PI3K inhibitor
(Figure §B). To further investigate whether PI3K/Akt
pathway is crucial for the inhibition of NOX2 by ABPPk,
microglia were pretreated with 10 pM LY294002 for 1 h,
then 5 pg/mL ABPPk was added in the culture for 30 min,
followed by exposure to 1 pg/mL LPS for 24 h. Western

© Annals of Translational Medicine. All rights reserved.

blot analysis showed that pretreatment with LY294002
eliminated the inhibition of NOX2 by ABPPk in LPS-
activated microglia (Figure 8C), which resulted in the
elimination of ABPPK’s inhibitory effect on ROS production
and glutamate release induced by LPS (Figure 8D,8E).

In order to further verify the role of PI3K/Akt in NOX2/
ROS signaling pathway, microglia were pretreated with an
Akt-specific activator SC79 for 30 min at a concentration
of 4 pg/mL, then stimulated with LPS for 24 h. The results
showed that SC79 significantly upregulated the expression
level of LPS-inhibited phosphorylated Akt, inhibited LPS-

Ann Transl Med 2021;9(20):1522 | https://dx.doi.org/10.21037/atm-21-4027
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Figure 5 ABPPk alleviated LPS-induced neuronal loss and suppressed microglial activation in the brain. (A) Representative fluorescence

images of neurons and microglia in the cortex after LPS intracerebral injection examined by using anti-NeuN (red), anti-Ibal (green)

antibodies and DAPI (blue) as well as their merge. Scale bar, 100 um. The yellow box in the upper right corner of the Merge magnifies

the part indicated by the arrow. (B) Histogram showing the number of NeuN positive cells per square millimeter of cortex in each group.

Data are expressed as mean = SD (n=3). *, P<0.05, **, P<0.01 vs. Sham. (C) Histogram showing the number of Ibal positive cells per square

millimeter of cortex in each group. Data are expressed as mean = SD (n=3). **, P<0.01 vs. Sham; *, P<0.05 vs. LPS. (D) Histogram showing

the content of IL-18 in the supernatant of brain tissue. Data are expressed as mean = SD (n=3). *, P<0.05, ***, P<0.001 vs. Sham; , P<0.05 vs.

LPS. ABPPk, Achyranthes bidentata polypeptide fraction k; LPS, lipopolysaccharide.

induced NOX2 upregulation (Figure 8F) and ROS production
(Figure 8G), thus inhibited glutamate release (Figure §H).
These results suggested that the activation of PI3K/Akt
pathway by ABPPk was involved in the inhibition of NOX2
expression, ROS production, and glutamate release in LPS-
activated microglia.

Discussion

In this study, we pretreated primary microglia with ABPPk,
an active polypeptide isolated from traditional Chinese
medicine 4. bidentata, and found it markedly prevented
LPS-activated microglial neurotoxicity. ABPPk pretreated
MCM significantly alleviated the excitatory neurotoxicity
to cortical neurons. Moreover, ABPPk reduced neuronal
damage and suppressed microglial activation as well as
cell apoptosis induced by LPS intracerebral injection in
rat pups. ABPPk greatly activated Akt, thereby inhibiting

© Annals of Translational Medicine. All rights reserved.

the expression of NOX2 and reducing the production of
ROS, which ultimately led to the reduced glutamate release
of activated microglia. However, PI3K specific inhibitor
abolished the inhibitory effects of ABPPk on NOX2
expression, ROS production and glutamate release in
activated microglia, whereas Akt specific activator can play
a similar role to ABPPk in inhibiting LPS-activated NOX2
expression, ROS production and glutamate release. These
data suggest that ABPPk can suppress glutamate release
from microglia by inhibiting the PI3K/Akt dependent
NOX2/ROS pathway, thereby reduce the excitatory
neurotoxicity caused by microglial activation.

A. bidentata is a commonly prescribed Chinese medicinal
herb. The phytochemical and pharmacological effects
of A. bidentata have been studied extensively. Saponins
and polysaccharides are considered as the main active
components of A. bidentata in anti-tumor, analgesia, anti-
inflammatory and immune regulation. The polypeptides

Ann Transl Med 2021;9(20):1522 | https://dx.doi.org/10.21037/atm-21-4027
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component extracted from A. bidentata exhibited potent
neurotrophic and neuroprotective effects, including
reducing excitotoxic injury by inhibiting NMDA receptor
(4,22), and activating PI3K/Akt pathway to promote
neuronal survival under serum deprivation conditions (35).
The purified component k from A. bidentata polypeptides
(ABPPk) could protect neurons against apoptosis induced
by oxygen and glucose deprivation (OGD) and MMP”
insult (5,6). In other studies, ABPPk was reported to protect
Schwann cells from oxidative stress-induced apoptosis by
activating PI3K/Akt and ERK1/2 signaling pathways (36).
We have found that ABPPk could inhibit the inflammatory

© Annals of Translational Medicine. All rights reserved.

responses of LPS-activated BV2 microglia (8), however, the
specific mechanism of ABPPk’s neuroprotective effect by
inhibiting neuroinflammation remains unclear.

Normally, microglia are resident brain immune cells,
while activated microglia in brain pathologies are key actors
of neuroinflammation. Activated microglia may protect
neurons by accelerating pathogen clearance and promoting
neuronal survival by releasing beneficial nutritional
factors (37-39). However, continuously over-activated
microglia release large amounts of superoxide, derivative
oxidants, NO, TNF-0, and glutamate to damage neurons
(40,41). The direct neurotoxicity of TNF-a secreted by

Ann Transl Med 2021;9(20):1522 | https://dx.doi.org/10.21037/atm-21-4027
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activated microglia is relatively weak, but it can stimulate
extensive glutamate release from microglia to induce
direct excitotoxicity and aggravate neuronal injury (15,42).
High levels of NO may promote glutamate release and
activate the glutamate NMDA receptor, which amplifies
the neurotoxicity of glutamate (43,44). Thus, glutamate is
the key determinant inducing excitoneurotoxicity (17,18).
Elevated levels of extracellular glutamate will stimulate
neuronal NMDA receptors resulting in uncontrolled
Ca’ increases in most neurons (45-47). In fact, glutamate
excitotoxicity is thought to be the ultimate common
pathway for many neurological diseases, including stroke,
Huntington’s disease, the acquired immunodeficiency
syndrome (AIDS) dementia, and amyotrophic lateral
sclerosis (ALS) (48).

Previously we have demonstrated that ABPPk
pretreatment could inhibit the LPS-induced increase of
TNF-a and NO in BV2 microglia, suggesting the anti-
inflammatory effect of ABPPk (8). Assembly of NLRP3
inflammasome occurs in activated microglia, leading to
cleavage and increased activity of caspase 1, and release
of downstream IL-1p and IL-18, which are critical links
in microglial inflammation (49). In this study, ABPPk

© Annals of Translational Medicine. All rights reserved.

pretreatment inhibited LPS-induced upregulation of
NLRP3 and cleaved caspase 1 in primary microglia as well
as the mRNA levels of IL-1p and IL-18 in a concentration
dependent manner. The excitatory toxicity of MCM
collected from ABPPk pretreated microglia was significantly
lower than that of MCM without ABPPk pretreatment. In
vivo results also showed that ABPPk can effectively inhibit
the activation of microglia induced by LPS intracerebral
injection, and reduce cell apoptosis. Notably, ABPPk
pretreatment resulted in a concentration-dependent
reduction in glutamate release from LPS-activated
microglia. These results suggested that ABPPk can inhibit
the neurotoxicity of activated microglia, and the direct
inhibition of glutamate release from activate microglia may
be a very important link.

Glutamate release is closely related to oxidative stress
in activated microglia (50). In other words, ROS, such as
lipid peroxidation products, superoxide, and derivative
oxidants, are precisely the preconditions for glutamate
release (19). LPS can lead to classical activation of microglia
and upregulate the expression of NADPH oxidase,
especially NOX2 transmembrane subunit to generate a
large number of ROS, driving oxidative stress (51,52).

Ann Transl Med 2021;9(20):1522 | https://dx.doi.org/10.21037/atm-21-4027
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Figure 8 ABPPk inhibited LPS-induced glutamate release of microglia via PI3K/Akt dependent NOX2/ROS pathway. (A) Representative West-
ern blot image and gray analysis showing phosphorylated Akt (p-Akt) expression levels after treatment with indicated concentrations of ABPPk for
30 min. Data are expressed as mean = SD (n=3). ****, P<0.0001. (B) Representative Western blot image and gray analysis showing phosphorylated
Akt (p-Akt) expression levels after treatment with 5 pg/mL ABPPk for 30 min with or without Y294002 pretreatment. Data are expressed as mean
£ SD (n=3). **, P<0.01, ***, P<0.001, ****, P<0.0001. (C) Representative Western blot image and gray analysis showing the NOX2 expression in mi-
croglia treated as indicated. Data are expressed as mean + SD (n=3). *, P<0.05, **, P<0.01, and ns means no significance. (D) Histogram showing the
impact of indicated treatment on ROS production in activated microglia. Data are expressed as mean = SD (n=3). ***, P<0.001, ****, P<0.0001, and
ns means no significance. (E) Histogram showing the impact of indicated treatment on glutamate release in activated microglia. Data are expressed
as mean = SD (n=3). ***, P<0.001, ****, P<0.0001, and ns means no significance. (F) Representative Western blot image and gray analysis showing
phosphorylated Akt (p-Akt) and NOX2 expression levels after SC79 pretreatment in LPS-activated microglia. Data are expressed as mean + SD
(n=3). *, P<0.05, **, P<0.01, ***, P<0.001. (G) Histogram showing the effect of SC79 pretreatment on ROS production in LPS-activated microglia.
Data are expressed as mean = SD (n=3). ***, P<0.001, ***, P<0.0001. (H) Histogram showing the effect of SC79 pretreatment on glutamate release
in LPS-activated microglia. Data are expressed as mean + SD (n=3). ***, P<0.001, ****, P<0.0001. Experiments were triplicated biologically. ABPPk,
Achyranthes bidentata polypeptide fraction k; LPS, lipopolysaccharide; ROS, reactive oxygen species.
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NOX?2 is the main isoform of NADPH oxidase, also known
as gp91phox, which is most abundant in microglia (32,53).
NOX2 directly catalyzes ROS biosynthesis, a process
known as oxidative burst (54), which is accompanied by
damage of redox signal transduction and mitochondrial
dysfunction (55). During early inflammation, polarization
to M1 phenotype microglia is dependent on NOX2
activation (56), and NOX2-derived ROS could inhibit the
activation of PI3K/Akt survival pathway (57).

The activation of PI3K/Akt can promote the shift from
pro-inflammatory M1 phenotype to anti-inflammatory M2
phenotype in LPS-stimulated microglia (58,59). OGD insult
can induce ROS production by upregulating NOX2 via the
PI3K/Akt-dependent NF-kB signaling pathway, suggesting
that activation of PI3K/Akt may be beneficial to inhibit
NOX2 expression and ROS production (60). The specific
Akt activator, SC79, has been reported to protect neuronal
cells from MPP" or ischemic injury (61,62). It has also been
proved that SC79 can abolish the inhibitory effect of NOX2
inhibitors on O, production in hyperhomocysteinemia
models, which confirmed that PI3K/Akt pathway is critically
involved in the NOX2/ROS signaling transduction (63).
In this present study, ABPPk pretreatment concentration-
dependently inhibited LPS-induced NOX2 expression in
microglia. Moreover, ABPPk significantly upregulated Akt
phosphorylation in a concentration-dependent manner, and
this effect could be eliminated by the PI3K specific inhibitor
LY294002. Furthermore, the inhibitory effect of ABPPk on
LPS-upregulated NOX2 expression was also eliminated by
LY294002. Meanwhile, pretreatment with SC79 followed
by LPS stimulation increased the phosphorylation of
Akt and inhibited the expression of NOX2. As expected,
LY294002 also abolished the inhibitory effect of ABPPk
on LPS-induced ROS production and glutamate release,
while SC79 played a role similar to that of ABPPk, namely
inhibiting LPS-induced ROS production and glutamate
release from microglia.

Taken together, ABPPk attenuates the microglia-
derived excitatory neurotoxicity by inhibiting the PI3K/
Akt-dependent NOX2/ROS pathway, which might
provide new sight for the intervention and therapy of
neuroinflammation.

There are some limitations in our study. ABPPk, as a
polypeptide fraction of plant origin, is likely to be multi-
target, and transcriptomic and proteomic studies may help
to clarify its mechanisms in the future.

© Annals of Translational Medicine. All rights reserved.
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