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ARTICLE INFO ABSTRACT

Background: The accumulation of Amyloid B (AB) plays key roles in Alzheimer's disease (AD) by inducing in-
tracellular reactive oxygen species (ROS) and neuronal cell death. In this study, we aimed to identify the neu-
roprotective mechanisms of amentoflavone (AF) in AB-induce neuronal cell injury.
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Amentoflavone Materials and methods: The animal model was established by injecting AB;_4, into the bilateral hippocampus. The
Zﬁ;l? osts effect of AF on AP;.4>-induced neurological dysfunction was examined using the Y-maze and radical maze tests.

The hippocampal neuron viability was examined using Nissl staining and TUNEL assay. On the other hand, in
vitro studies were conducted using SH-SY5Y cells. The expression level of marker proteins was measured using
western blot. The activity of caspase-1 and the levels of pro-inflammatory cytokines were determined using
ELISA assay. AMPKa knock down was carried out by transfecting SH-SY5Y cells with siRNA against AMPK
transcript.

Results: Neurological tests showed that AF significantly attenuated Af; 4o-induced neurological dysfunction. AF
suppressed Af; 4o-induced pyroptosis in the hippocampal region of the rat model, which was associated with the
modulation of AMPK/GSK3 signaling. Similar results were obtained in vitro in SH-SY5Y cells exposed to AP1.42,
showing that the neuroprotective activity of AF is mediated by suppressing pyroptosis through AMPK/GSK3f
signaling.

Conclusion: AF inhibits AB;.4o-induced neurotoxicity in animal and cellular models through AMPK/GSK3p-
mediated pyroptosis suppression. Our results highlight AF as a clinical compound for the prevention and

treatment of AD.

1. Introduction

Alzheimer's Disease (AD) is a neurodegenerative disorder that is
considered the major cause of dementia in elderly people. A typical
feature of AD is the accumulation of amyloid B (AB) deposits and
neurofibrillary tangles [1]. The accumulation of Af} greatly contributes
to the pathology of AD by inducing neuronal cell death and intracellular
reactive oxygen species (ROS) production [2-5]. Amyloid ;.42 (AfB1.
42), a peptide consisting of 42 amino acids, represents a major neuro-
toxic form of AR during the development and progression of AD.
Therefore, ameliorating Af3;.4o—induced neurotoxicity has been shown
to be an effective therapeutic approach for the treatment of AD [6,7].

Pyroptosis is an inflammatory form of programmed cell death that is
associated with inflammasome activation [8]. The inflammasomes play
a role as sensors of invading pathogens and cellular stress by promoting
the production of potent pro-inflammatory cytokines that augment
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inflammatory cell injury [9]. Of interest, NOD-like receptor protein 3
(NLRP3) has been reported to initiate neuronal pyroptosis [10,11].
Indeed, NLRP3 inhibition has been shown to exhibit neuroprotective
effects through the suppression of pyroptosis [12]. In this regard, the
suppression of pyroptosis has been recently reported as a neuropro-
tective mechanism against cerebral ischemia reperfusion injury [12]. In
addition, NLRP3 inhibition was shown to ameliorate isoflurane-induced
neuronal loss and neurological dysfunction in aged mice [13]. There-
fore, pyroptosis inhibition could be a neuroprotective strategy in the
treatment of neurodegenerative diseases.

The beneficial effects of flavonoid compounds have been docu-
mented in several clinical trials on neurodegenerative disorders, in-
cluding AD [14,15]. The citrus flavonoid nobiletin, for example, was
recently reported to exhibit potential beneficial effects against AD and
Parkinson's Disease [15]. Amentoflavone (AF), a major active in-
gredient of Selaginella tamariscina, has been reported to possess a
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variety of biological activities such as anti-inflammatory [16], anti-
microbial [17], anti-oxidative [42] , anti-radiation [18] and anti-tumor
activities [19]. In addition, we recently showed that AF ameliorates
Ap;.45-induced memory deficit and oxidative stress in an animal model
of AD [20]. However, the underlying mechanisms are not fully under-
stood. In this study, we aimed to identify the molecular mechanism by
which AF inhibits AB; 4»-induced neurotoxicity.

2. Materials and Methods
2.1. Animal grouping and treatment

The ethical approval for this study was obtained from the institu-
tional ethics committee (Approval No. 20180213). Male Wistar rats
aged 3 months and weighing between 200 g and 230 g were used in this
study. All rats were kept in a room with constant temperature (25 °C)
and were given ad libitum access to food and water. Rats were accli-
matized for 7 days and randomized into 5 treatment groups, including
10 rats per group: control (sham vehicle), AB, AR+ AF (A and AF in-
jection at 40 mg/kg/day), AB and AF (AP and AF injection at 80 mg/
kg/day), and AP +donepezil (positive control). AP;_4 peptide (Sigma
Aldrich, St. Louis, MO, USA) was dissolved in saline to a final con-
centration of 2.5 pg/pL and incubated at 37 °C for 3 days to form fibrils.
The rats were anesthetized with ketamine (80 mg/kg) and xylazine
(15 mg/kg) through intraperitoneal (i.p.) injection, their head was fixed
into a stereotaxic instrument (Narishige, Japan), and AP (4 ug/side)
was injected into the bilateral hippocampus as described in our pre-
vious study [20]. The used AF dose (purity = 98%; Shanghai Research
Center for Standardization of Traditional Chinese Medicine, Shanghai,
China) was chosen based on our previous study (Fig. 1A) [20]. Done-
pezil (National Institutes for Food and Drug Control, Beijing, China)
was administered at 1 mg/kg/day through i.p. injection. The experi-
mental design is shown in Fig. 1B.

2.2. The Y-maze test

The Y-maze test was conducted, as previously described [21], to
evaluate the cognitive and exploratory activities of rats. The test was
conducted on last day (14th) of the experimental protocol. A Plexiglas
Y-maze was built with an equilateral central area, and each arm with
25 cm height, 35 cm length, and 10 cm width. Briefly, each rat was put
in the central area and allowed to move freely in the maze for 6 min and
the arm entries were noted. Arms were wiped to remove retained odor.
Alternation was defined as successive entry into the three arms on
overlapping triplet sets. Alternation rate (%) was defined as the ratio of
the number of actual alternations performed to the number of possible
alternations [22].

2.3. The radical-arm magze test

The radical-arm maze test was conducted as previously described
[23]. Briefly, each rat was put in the apparatus on day 15 and left there
for 10 min to be familiar with the apparatus. The rats were then re-
turned to their housing box with free access to water and restricted
access to food. On day 16, each rat was put in the apparatus, with
chocolate cereal placed in four of the eight arms of the maze. After
completing the task, rats were returned to the housing box. The same
protocol was employed to evaluate the spatial memory of the rats on
days 17, 18 and 19. Each test session was conducted for 10 min. The
total errors to find food was reported by the number of entries into each
arm, and the latency to find food was measured by the time spent to
locate the 4 cereal rewards. The number of working memory errors and
the number of reference memory errors were also recorded [24]. After
the last test, and 24 h after the last treatment, the rats were eu-
thanatized, and samples were collected for biomedical assays.
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2.4. Measurement of AS

The hippocampus from each rat was homogenized with PBS and
centrifuged at 4°C for 10 minat 10,000 g. The supernatant was re-
trieved, and equal volume of PBS was added. The level of A} was de-
termined using the Mouse/Rat beta-Amyloid (1-42) ELISA Kit (Arigo
Biolaboratories, Taiwan) according to the manufacturer's protocol.

2.5. Nissl staining and TUNEL assay

Following anesthesia, the brain was isolated from each rat and
postfixed overnight in 50 mmol/L PBS containing 4% paraformalde-
hyde, then immersed in a 50 mmol/L PBS solution containing 30%
sucrose, and stored at 4°C until sectioning. The frozen brains were
coronally sectioned on paraffin into 3 um slices, which were stored at
4°C in a storage solution. Nissl staining and TUNEL assay were con-
ducted as previously described [20]. Briefly, the brain tissue was pro-
cessed with paraffin for examination, and a TUNEL kit (Beyotime,
Shanghai, China) was used to detect TUNEL-positive cells in the CAl
region of hippocampus.

2.6. Measurement of caspase-1 activity

The caspase-1 activity was measured using an ELISA kit (BioVision,
Milpitas, CA) as per the manufacturer's protocol.

2.7. Measurement of IL-18 and IL-18

The levels of IL-18 and IL-1f in hippocampal tissues and cell lysates
were detected using ELISA kits (Blue Gene, Shanghai, China) as per the
manufacturer's protocols.

2.8. Cell culture

Human neuroblastoma SH-SY5Y cells (American Type Culture
Collection, ATCC, Shanghai, China) were cultured in Dulbecco's
Modified Eagle Medium (DMEM) (Invitrogen, Grand Island, NY), sup-
plemented with 10% fetal bovine serum (FBS, Invitrogen) and 1% pe-
nicillin and streptomycin, at 37 °C in a humid incubator with 5% CO2.
Cells in the exponential growth phase were used for all experiments.

2.9. Measurement of cell viability

Viable cells were detected using the Cell Counting Kit-8 (CCK-8)
(Beyotime, Shanghai). Briefly, astrocytes cultured in 96-well plates
were incubated in CCK-8 solution at 37 °C for 2h, and the absorbance
was measured at 450 nm.

2.10. LDH release assay

Cell death was determined using a lactate dehydrogenase (LDH)
cytotoxicity detection kit (TaKaRa Bio, Kusatsu, Japan) according to the
manufacturer's instructions.

2.11. AMPKa siRNA transfection

Transfection with AMPKo-targeting siRNA was performed using
Lipfectamine 3000 (Invitrogen, Grand Island, NY) as previously de-
scribed [25]. The protein expression level of AMPK was measured by
western blot 48 h post transfection.

2.12. Western blot
Western blot was performed as per standard procedures using the

following primary antibodies: AR antibody (1:1000, Abcam, UK),
NLRP3 antibody (1:1000, Abcam, UK), ASC (1:500, Santa Cruz, CA),
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Fig. 1. Amentoflavone (AF) protects against Amyloid 3 (AB);.4>-induced neurological dysfunction in the rat model. A. The chemical structure of AF. B. The
experimental design of the animal study. C-D. The Accumulation of AB; 4, in the hippocampus measured by ELISA assay and western blot, respectively. E-F. The

results of the Y-maze test. G-J. The results of the radical maze test. **p < 0.01.

caspase-1 (1:500, Santa Cruz, CA), GSDMD (1:500, Abcam, UK), IL-18
antibody (1:1000, Abcam, UK), IL-1f antibody (1:1000, Abcam, UK),
AMPK (1:1000, Abcam, UK) and GSK-3p (1:1000, Abcam, UK). B-actin
was used as the internal control for equal loading. Goat anti-rabbit IgG-
HRP (Beyotime, Shanghai, China) was used as the secondary antibody,
and protein bands were visualized using ECL solution(Thermo Fisher,
Shanghai, China).

2.13. Statistical analysis

The Shapiro-Wilk test was conducted to test the assumption of
normality. Experimental results were displayed as mean = SD for each
of the biological triplicates in vitro, and for each of the 10-rat groups
from in vivo experiments. One-way ANOVA followed by Dunnett's t-test
was used for statistical comparison between groups. All statistical
analysis was conducted using Graphpad 8.0 software, and a p
value < 0.05 was used as a cutoff for statistical significance.

3. Results
3.1. AF attenuates Af;.4z-induced neurological dysfunction in vivo

The establishment of successful rat models was validated by ex-
amining the level of AB; 4> accumulation in the hippocampus. AB; 4>
measurement by ELISA showed that hippocampal AB; 4> levels sig-
nificantly increased in AP injected rats, compared with control rats
(Fig. 1C). In contrast, treatment with Donepezil and AF, at both 40 and
80 mg/kg/day, was able to effectively attenuate the elevated hippo-
campal Af;.4 levels. Similar results were obtained when the hippo-
campal APB; 4- levels were measured by western blot (Fig. 1D).

On the other hand, the protective activity of Af;.4»-induced neu-
rological dysfunction was examined by conducting behavioral tests. The
Y-maze test was conducted on day 14 after treatment, and the results
showed that AB;_4, injection did not cause a significant change in the
number of total entries compared with the control group, which in-
dicates that AB; 4> did not induce a significant change in the locomotor
activities of rats (Fig. 1E). In contrast, when the spontaneous alteration
was compared, AP, 45 injection resulted in a significant reduction in the
alteration rate, compared with the control group, indicating that AP 4
compromised the short memory of rats (Fig. 1F). However, treatment
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Fig. 2. AF suppresses AP, 4>-induced pyroptosis in the hippocampus. A. Nissling staining in the CA1 region of rat hippocampus. B. TUNEL assay in the CAl
region of rat hippocampus. C. The protein expression of pyroptosis markers in the hippocampus. D. measuring caspase-1 activity by ELISA assay. E-F. The expression
of the pro-inflammatory cytokines IL-18 and IL-1 measured by western blot and ELISA assay, respectively. G. The level of phosphorylated AMPK and GSK3f

measured by western blot. **p < 0.01.

with Donepezil or AF was able to improve the short memory loss in Af;.
4o-treated rats (Fig. 1F).

The radical-arm maze was also performed to further explore the
neuroprotective activity of AF. AP;_4» injection led to a significant im-
pairment in the spatial memory as shown by the increased latency to
find food at days 2, 3 and 4, compared with the control group (Fig. 1G).
The number of total errors to find food was also increased by AB;.42
injection (Fig. 1H). Interestingly, treatment with Donepezil or AF was
able to decrease the latency and total errors to find food (Fig. 1G and
H). Besides, reference memory comparison showed that Af;_45 injection
led to impaired spatial memory at the last day of the test, which was
partially restored by treatment with Donepezil or AF. Similarly,
working memory errors evaluation showed that treatment with Done-
pezil or AF can also ameliorate Af; 4, injection-induced working
memory impairment (Fig. 1J). Altogether, these results indicate that AF
can effectively attenuate AP, 4o-induced neurological impairment in

our rat model.

3.2. AF rescues neuronal cells from AB;_4o—induced pyroptotic cell death

Neuronal cell death was the hallmark of AP;_4-induced neurotoxi-
city. Indeed, Af3;.4» injection promoted cell death in rats’ hippocampus,
as detected by both Nissling staining and TUNEL assay (Fig. 2A and B).
On the other hand, AF treatment was able to rescue hippocampal
neurons from Af; 4»-induced cell death (Fig. 2A and B).

Hippocampal neuronal pyroptosis was recently proposed to play an
important role in AP, 4>-induced neurological dysfunction. Therefore,
we hypothesized that the modulation of pyroptotic cell death could be
involved in the neuroprotective effects of AF. As shown in Fig. 2C, the
protein expression of NLRP3 and ASC, and caspase-1 cleavage, were
significantly elevated in the hippocampal region of Af; 4>-treated rats.
In contrast, AF treatment at both dosages repressed Af;_4»-induced
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NLRP3 and ASC overexpression, as well as it reduced caspase-1 clea-
vage in the hippocampal region of rat models (Fig. 2C). In addition,
ELISA assay was used to examine the effects of AP, 4- injection, with or
without AF treatment, on caspase-1 activity. AP 4> injection markedly
increased caspase-1 activity, while AF treatment almost completely
abolished AP;.4>-induced casapase-1 activation (Fig. 2D).

Pyroptosis is characterized by the overexpression of the pro-in-
flammatory cytokines IL-1f and IL-18. As shown in Figs. 2F and 3E,
AP 4> injection significantly increased the levels of IL-1f and IL-18 in
the hippocampus, as detected by both western blot and ELISA, which
was inhibited by AF treatment (Fig. 2E). Similarly, AB; 4> injection
increased the cleavage of the N-terminal region of Gasdermin-D
(GSDMD-N) in the hippocampus of rats, which is considered a hallmark
of pyroptosis. This was reversed by treatment with AF (Fig. 2C), which
indicate that AF can attenuate Af; 4p-induced pyroptosis in hippo-
campal neuronal cells.

AMPK/GSK3[ signaling has been proposed to regulate pyroptosis
during neuronal stress [12]. In line with our previous findings [20],
AP1.42 injection reduced the levels of phosphorylated AMPK (Thr!”? p-
AMPK) and phosphorylated GSK3pB (Ser® p-GSK3B), which were sig-
nificantly increased by AF treatment, suggesting that AF can rescue
neuronal cells from pyroptosis by inducing AMPK/GSK3p phosphor-
ylation (Fig. 2G).

3.3. AF inhibits AB;_4o-induced neurotoxicity in vitro

The human neuroblastoma SH-SY5Y cells were used to study the
neuroprotective effects of AF in vitro. Treatment with AB; 4 at 5 uM for
24 h reduced the percentage of viable cells (Fig. 3A). As shown in
Fig. 3B, AF treatment at 1, 2, 5 or 10 uM did not influence cell death,
while it reduced the percentage of viable cells at 20 uM. To evaluate the
neuroprotective effects of AF in vitro, SH-SY5Y cells were pretreated
with AF for 6 h before AP, 4, treatment. As shown in Fig. 3C, AF at 5 or
10 uM significantly reduced A;_42-induced cell death of SH-SY5Y cells.

3.4. The neuroprotective effects of AF are mediated through the inhibition of
pyroptosis in vitro

The TUNEL assay was first used to examine the effect of AF on
pyroptosis in vitro. Interestingly, the Ap; 42-induced increase in TUNEL
positive cells was significantly abrogated by pretreatment with AF
(Fig. 4A and B). Similarly, pretreatment with AF at 5pM or 10 uM
prevented AP;_4>-induced LDH release by SH-SY5Y cells (Fig. 4B). LDH
is a soluble cytoplasmic enzyme that is present in almost all cells and is
released into the extracellular space in damaged cells. The level of ex-
pression of pyroptosis marker proteins was also examined following
Ap;.45 treatment, with or without AF pretreatment. As shown in Fig. 4C,
the protein levels of NLRP3, ASC and cleaved caspase-1 were sig-
nificantly increased in SH-SY5Y cells after AP, 45 treatment, which were
repressed by pretreatment with AF. ELISA assay also demonstrated that
AB1.4> treatment activated caspase-1, while pretreatment with AF
suppressed caspase-1 activation (Fig. 4D). Similarly, pre-treatment with
AF attenuated A;.4»-induced cleavage of GSDMD-N (Fig. 4E). In ad-
dition, both western blot and ELISA measurements showed that pre-
treatment with AF suppressed AP;_4»-induced IL-18 and IL-1(3 expres-
sion in SH-SY5Y cells (Fig. 4F and G). Furthermore, AF also induced the
phosphorylation of AMPK and GSK3p in vitro in SH-SY5Y cells, which
was in line with the in vivo results from rat models (Fig. 4H).

3.5. AF protects against Af;.42-induced pyroptosis by inducing AMPK/
GSK3p signaling

In order to examine the role of AMPK/GSK3p signaling in AF-
mediated suppression of Af; 4o-induced pyroptosis, AMPKa was re-
pressed in SH-SY5Y cells by siRNA transfection (Supplementary
Fig. 1A). As shown in Fig. 5A, the rescuing activity of AF against AP 4>-
induced cell death was inhibited by AMPKa knockdown. However, LDH
release increased from less than 20% to more than 40% after AMPKa
knockdown in SH-SY5Y cells treated with AP;4, and AF(Fig. 5B).
AMPKa repression also restored the levels of NLRP3, ASC and cleaved
caspase-1 in SH-SY5Y cells treated with A, 4> and AF (Fig. 5C). Si-
milarly, ELISA assay showed that AMPKa knockdown abrogated AF-
mediated suppression of AP 4»-induced caspase-1 activity (Fig. 5D).
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AMPKa knockdown also restored the level of GSDMD-N in SH-SY5Y
cells treated with AF (Fig. 5E). Besides, AF-mediated repression of IL-18
and IL-1f3 was also restored by AMPKa knockdown in SH-SY5Y cells
(Fig. 5F and G). Furthermore, a specific AMPK inhibitor, compound C,
was used to further examine the role of AMPK activation in the anti-
pyroptotic effects of AF (Supplementary Fig. 1B). Interestingly, AMPK
inhibition was able to significantly compromise the protective effects of
AF against AP 4o-induced cell death (Fig. 6A). Compound C was also
able to restore LDH release by SH-SY5Y cells (Fig. 6B) and restore the
protein levels of NLRP3, ASC and cleaved caspase-1 in SH-SY5Y cells
treated with AF (Fig. 6C). In addition, AMPKa inhibition by compound
C abrogated the suppressing effect of AF on Af;_4»-induced caspase-1
activation (Fig. 5D) and restored the levels of GSDMD-N in SH-SY5Y
cells treated with AF (Fig. 5E). Moreover, the expression of the pro-

inflammatory cytokines IL-18 and IL-1[3 was also restored by compound
C in SH-SY5Y cells treated with AF (Fig. 5F and G). Taken together,
these results provide a strong evidence that AMPK signaling mediate
the anti-pyroptotic effects of AF.

4. Discussions

The beneficial effects of dietary flavonoids on a variety of neuro-
logical degenerative disorders has been reported in animal models and
in several clinical trials [26,27]. It has been demonstrated that the anti-
inflammatory activity is involved in the neuroprotective effects of fla-
vonoid compounds against neurological degenerative disorders, such as
AD [28,29]. AF is one of the major flavonoids produced by the med-
icinal plant Selaginella tamariscina. The neuroprotective activity of AF
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Fig. 5. AMPKa knockdown abolishes the cytoprotective effects of AF in vitro. A. AMPKa knockdown suppressed AF-mediated rescue of Af;.4o-induced cell
death. B. AMPKa knockdown inhibited AF-mediated suppression of AB;_4o-induced LDH release. C. AMPKa knockdown inhibited AF-mediated suppression of AP _4o-
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cytokines in cells with AMPKa knockdown. **p < 0.01.

was first described in hypoxia/ischemia-induced neuronal injury both
in vitro and in vivo [30]. We have previously showed that AF can protect
against AP;_4o-induced neurological dysfunction in a rat model [20],
which underscores the potential use of AF in the prevention and
treatment of AD. However, the mechanisms of AF neuroprotective ef-
fects remained unclear. In this study, we showed that AF can effectively
ameliorate AP, 4o-induced cognitive impairment in an animal model
through its anti-pyroptotic activity that is mediated by AMPK/GSK3p
phosphorylation.

Pyroptosis is a form of inflammatory programmed cell death that
has been reported in neurological pathogenesis [31]. Pyroptotic neu-
ronal cell death has been proposed to be a contributor to the progres-
sion of neurological degenerative disorders, including Parkinson's dis-
ease and AD [32]. It has been shown that pyroptosis suppression can
ameliorate the progression of Parkinson's disease in animal models
[33]. In addition, pyroptosis suppression was also shown to alleviate
neuronal cell death in a cellular model of Parkinson's disease in vitro
[34]. The role of pyroptotic cell death in disease progression has also
been reported in AD, where inhibitors of pyroptosis were shown to
alleviate cognitive impairment in animal models [10]. These findings
suggest that pyroptotic cell death inhibition could be an effective
neuroprotective strategy for the treatment of neurodegenerative dis-
eases.

Pyroptotic cell death is initiated by inflammasome-mediated cas-
pase-1 activation and the subsequent release of pro-inflammatory cy-
tokines, which eventually lead to the formation of pores in the cell
membrane by GSDMD-N [35]. The NLRP3 inflammasome inhibitor has
been shown to promote non-phlogistic clearance of AP and to improve
neurological functions in a transgenic mouse model of AD [10]. In this
study, we showed that NLRP3 expression was significantly elevated

following AP;.4> treatment in both cellular and animal models. In ad-
dition, we showed that AP, 4, treatment also promoted caspase-1 ac-
tivation, increased the expression of the pro-inflammatory cytokines IL-
18 and IL-1B, and induced the exposure of GSDMD-N domain. These
results highlight the role of neuronal cell pyroptosis in the progression
of AD. Of importance, our results showed that AF repressed Af;_42-in-
duced NLRP3 expression and subsequent caspase-1 activation and IL-18
and IL-1f expression, as well as inhibited the exposure of GSDMD-N
domain, which suggests that the neuroprotective effects of AF against
Ap;.42-induced neurotoxicity are mediated by suppressing NLRP3-
mediated pyroptosis.

AMP-activated protein kinase (AMPK), a heterotrimeric serine/
threonine kinase [25,36,37], has been shown to play an important role
in the development and progression of neurodegenerative conditions
such as AD [38]. Interestingly, AMPK can act an upstream regulator of
NLRP3 inflammasome [39]. Indeed, in vivo studies on animal models of
depression showed that inhibition of GSK3p can block NLRP3 activa-
tion in the central nervous system [40,41]. On the other hand, we
previously showed that AF can modulate AMPK/GSK3p signaling in an
animal model of AD [20]. Therefore, we proposed that AF suppresses
NLRP3-mediated pyroptosis by modulating AMPK/GSK3f signaling.
Indeed, this study showed that AMPKa knockdown and pharmacolo-
gical inhibition abrogated AF-mediated suppression, which suggest that
AP, _45-induced pyroptosis is inhibited by AF, at least partly, by indu-
cing AMPK/GSK3p signaling.

In conclusion, AF exhibits a neuroprotective activity against A 4o-
induced neurotoxicity in animal and cellular models. Moreover, our
results suggest that the suppression of NLRP3-mediated pyroptosis
plays a key role in the neuroprotective effects of AF.
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