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[ABSTRACT] Neuroinflammation, mediated by the nucleotide-binding oligomerization domain-like receptor family pyrin domain-
containing-3 (NLRP3) inflammasome, is a significant contributor to the pathogenesis of neurodegenerative diseases (NDDs). Reynos-
in, a natural sesquiterpene lactone (SL), exhibits a broad spectrum of pharmacological effects, suggesting its potential therapeutic
value. However, the effects and mechanism of reynosin on neuroinflammation remain elusive. The current study explores the effects
and mechanisms of reynosin on neuroinflammation using mice and BV-2 microglial cells treated with lipopolysaccharide (LPS). Our
findings reveal that reynosin effectively reduces microglial inflammation in vitro, as demonstrated by decreased CD11b expression and
lowered interleukin-1 beta (IL-1B) and interleukin-18 (IL-18) mRNA and protein levels. Correspondingly, in vivo, results showed a re-
duction in the number of Iba-1 positive cells and alleviation of morphological alterations, alongside decreased expressions of IL-1f3 and
IL-18. Further analysis indicates that reynosin inhibits NLRP3 inflammasome activation, evidenced by reduced transcription of NLRP3
and caspase-1, diminished NLRP3 protein expression, inhibited apoptosis-associated speck-like protein containing a CARD (ASC) oli-
gomerization, and decreased caspase-1 self-cleavage. Additionally, reynosin curtailed the activation of nicotinamide adenine dinuc-
leotide phosphate (NADPH) oxidase, demonstrated by reduced NADP* and NADPH levels, downregulation of gp91™* mRNA, pro-
tein expression, suppression of p47""™ expression and translocation to the membrane. Moreover, reynosin exhibited a neuroprotective
effect against microglial inflammation in vivo and in vitro. These collective findings underscore reynosin’s capacity to mitigate mi-
croglial inflammation by inhibiting the NLRP3 inflammasome, thus highlighting its potential as a therapeutic agent for managing
neuroinflammation.
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Neurodegenerative diseases (NDDs) are commonly ob-
served in the elderly population over 60 years old " and are
characterized by progressive cognitive impairments and beha-
vioral problems . Research increasingly links these symp-
toms to the progressive degeneration and substantial loss of
functional neurons ™ ¥. The underlying pathological pro-
cesses of these disorders are diverse and complex, with
neuroinflammation widely recognized as a key contributor to
the progression of NDDs ™. This process triggers the over-
activation of macrophage cells ), infiltration of immune
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cells 7

, and excessive generations of pro-inflammatory medi-
ators, such as cytokines, chemokines, and reactive oxygen
species (ROS) P!, which ultimately lead to neuronal dysfunc-
tion and death™. Therapies targeting neuroinflammation have
been shown to ameliorate cognitive impairments ™, with
promising results observed in the clinical management of
NDDs ",

The nucleotide-binding oligomerization domain-like re-
ceptor family pyrin domain-containing-3 (NLRP3) inflamma-
some serves as a defensive response of the host against both
endogenous and exogenous stimuli ' ¥
tightly regulated. During activation, the components of the

, and its activation is

NLRP3 inflammasome, which include NLRP3, apoptosis-as-
sociated speck-like protein containing a C-terminal caspase
recruitment domain (ASC), and caspase-1, become upregu-
lated, oligomerize, and interact to form a multiprotein com-
plex with bioactivity ™ ' This complex ultimately pro-
motes the proteolytic generation of interleukin-1 beta (IL-1p)
and interleukin-18 (IL-18), playing roles in neuroinflamma-
tion and pyroptosis "> *
strated that the activation of the NLRP3 inflammasome con-
tributes to the pathologies of NDDs "\, The elevated expres-
sions of its components, caspase-1 activation, and increased
levels of IL-1P and IL-18 have been detected in animal mod-
els of Alzheimer's disease (AD)"”'¥). Furthermore, the genet-

! Numerous studies have demon-

ic ablation of NLRP3 and caspase-1 has been shown to sup-
press neuroinflammatory responses and alleviate spatial
memory impairment in AD model animals ", highlighting
the significant therapeutic potential of inhibiting the NLRP3
inflammasome in the treatment of AD.

The role of nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase as a principal regulator of NLRP3 inflam-
masome activation is well-documented, with emerging stud-
ies continuing to elucidate its mechanisms "”. Upon activa-
tion by various signals, NADPH oxidase generates superox-
ide (O,), which is subsequently converted into hydrogen
peroxide (H,0,) and ROS ™. Previous research has demon-
strated that NADPH oxidase facilitates the activation of the
NLRP3 inflammasome by releasing ROS " %\, Inhibiting
NADPH oxidase has been shown to suppress inflammasome
assembly and activity and reduce caspase-1 activation and IL-

1B production and secretion .

Additionally, reducing
NADPH oxidase activity has been found to improve memory
function in animal models of AD ). Thus, targeting NADPH
oxidase inhibition offers significant potential for mitigating
neuroinflammation mediated by NLRP3 inflammasome ac-
tivation and improving cognitive impairments.

Sesquiterpene lactones (SLs) are a class of natural com-
pounds in Asteraceae plants **. Recently, SLs have garnered
considerable attention due to their diverse pharmacological
properties. Among these compounds, reynosin (Fig.1A), a
natural SL, is found in the medicine-food homology plant
Laurus nobilis L. ® and the medicinal plants Inula montana
L. " and Costus speciosus Smith 7. Previous studies have
demonstrated that reynosin possesses multiple pharmacolo-

®

81 antioxidant

stress mitigation ), and neuroprotection ®”. Additionally, it
has shown potent anti-inflammatory effects, evidenced by the
significant inhibition of pro-inflammatory cytokine release in
1527 Given these notable pharmacological benefits,
reynosin is increasingly recognized as a promising therapeut-

gical activities, including hepatoprotection

vitro

ic candidate for the treatment of NDDs. However, the literat-
ure on the effects of reynosin on neuroinflammation is scant.
Therefore, this study aims to investigate whether reynosin
can protect neuronal cells against microglia-mediated
neuroinflammation both in vivo and in vitro and to explore
the underlying mechanisms associated with NLRP3 inflam-
masome involvement.

Material and Methods

Animal model, drugs, and grouping

Neuroinflammation was experimentally induced in adult
C57BL/6 mice via intracerebroventricular (i.c.v.) injection of
LPS (L2630; Sigma; St. Louis, MO, USA). Mice were anes-
thetized using 2.5% tribromoethanol (i.p) and received injec-
tions of LPS (2 pL, 20 mg-mL"™") into the right hemisphere
ventricle using stereotaxic coordinates (AP: —0.5 mm relat-
ive to the bregma, ML: 1.1 mm lateral to the sagittal suture,
DV: —3.0 mm depth from the skull surface). The LPS was ad-
ministered at a rate of 1 uL-minfl, and the needle remained in
place for an additional 5 min following the injection to pre-
vent backflow. All infusion procedures were conducted 30
min prior to treatment each day. Control group received iso-
volumetric injections of 0.9% saline.

The animal experiments were conducted with the ap-
proval of the Animal and Medical Ethics Committee of
Northeastern University (No. EC-2021A027). Reynosin, with
high-performance liquid chromatography (HPLC) purity ex-
ceeding 98%, was isolated from the petroleum ether extract
of Michelia macclurei Dandy roots. Minocycline hydrochlor-
ide (MINO, purity > 98%) was sourced from Meilunbio
(Dalian, China). The mice were assigned into the following
groups (n = 8/group): (1) vehicle group; (2) LPS group; (3)
LPS + reynosin group (administered in doses of 2.5 mg-kg™
and 5 mg-kg™); (4) LPS + MINO group (used as a positive
control; 40 mg-kg™).

Immunofluorescence (IF) staining assay

IF staining assay was conducted to quantify the expres-
sions of neuronal nuclei (NeuN), ionized calcium-binding ad-
apter molecule 1 (Iba-1), and p47™ in brain sections ',
Briefly, coronal sections (10 pum thick) were harvested and
incubated overnight at 4 °C with primary antibodies against
Iba-1 (ab177847, Abcam, Cambridge, MA, USA; dilution
1 : 500), NeuN (ab177487, Abcam, Cambridge, MA, USA;
dilution 1 : 1000), IL-18 (#67775, Cell Signaling Techno-
logy (CST); Danvers, MA, USA; dilution 1 :400) and
P47 (ab166930, Abcam, Cambridge, MA, USA; dilution
1 : 500). Following primary antibody incubation, sections
were exposed to secondary antibodies conjugated with either
fluorescein isothiocyanate (FITC, ab6717, Abcam, Cam-
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Fig. 1 Reynosin alleviated LPS-activated microglial inflammation in vitro. (A) Chemical structure of reynosin. BV-2 cells were

subjected to LPS treatment to trigger neuroinflammation in vitro. (B) Cellular viability was measured by MTT assay, n = 3. The
protein expressions of CD11b and IL-1B were evaluated by Western blotting. Representative images and statistical analysis of
CD11b (C) and IL-1p (F) are shown, n= 3. (D-E, G-H) The mRNA and supernatant protein levels of IL-1p and IL-18 were de-
tected using RT PCR and ELISA commercial Kits, respectively, n= 3. Data are expressed as mean + SEM. ** P< 0.001 vs the

CON group; “ P<0.05,” P<0.01 and ™

bridge, MA, USA; dilution 1 800) or CoraLite 594
(SA00013-4, Proteintech, Wuhan, China) for visualization.
The stained sections from the cerebral cortex were imaged
and analyzed using appropriate fluorescence microscopy
techniques.

For the in vitro analysis of p47™* and ASC expression,
BV-2 microglial cells were fixed in 4% paraformaldehyde
(PFA) and permeabilized with 0.02% Tween-20. Cells were
then blocked using a 3% bovine serum albumin (BSA) buffer
and incubated with primary antibodies specific to p47™™ or
ASC for 24 h at 4 °C. Post-primary antibody incubation, cells
were rinsed with PBS and incubated with secondary antibod-
ies tagged with CoraLite 594 or FITC for 4 h in the darkness
to prevent photobleaching. Fluorescence images were cap-
tured using a confocal microscope, ensuring consistency in
exposure and magnification settings across all samples.

Cells, and (3-[4,5-dimethylthiazol-2-yl]-2, 5-di-
phenyltetrazolium bromide (MTT) assay

BV-2 microglial cells and SH-SYSY neuroblastoma cells
were sourced from the School of Pharmacy, Nankai Uni-
versity (Tianjin, China) and American Type Culture Collec-
tion (ATCC, Houston, TX, USA), respectively. For the in

treatment,

P<0.001 vs the LPS group. MINO: minocycline hydrochloride (30 pmol-L™).

vitro experiments, BV-2 cells were divided into several
groups: control, reynosin-treated, lipopolysaccharide (LPS)-
treated, LPS plus various concentrations of reynosin (1, 5, 10
pumol-L™"), group and LPS plus minocycline hydrochloride
(MINO). Cells were seeded and allowed to adhere for 12 h.
Following a 2-hour pre-treatment with either reynosin or
MINO, cells were co-incubated with LPS for an additional
24 h.

Cell viability was assessed using the MTT assay. BV-2
cells and SH-SYSY cells were treated with MTT (Sigma; St.
Louis, MO, USA) for 4 h. Post-incubation, the supernatants
were removed, and cells were solubilized in dimethyl sulfox-
ide (DMSO). The absorbance was measured at 490 nm using
a spectrophotometer. Relative cell viability was calculated
based on these absorbance values, comparing treated cells to
control groups to determine the cytotoxic or protective ef-
fects of the treatments.

Real-time reverse transcription-polymerase chain reaction
(RT-PCR)

RNA samples were extracted from mouse cortex tissue
and BV-2 cells utilizing the RNAiso reagent (Takara, Beijing,
China). Two micrograms of RNA from each sample were re-
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verse-transcribed into complementary DNA (cDNA) using
the GoScript™ Reverse Transcription System (Promega;
Madison, WI, USA). Primers for the target genes were de-
signed and synthesized by Sangon Biotech (Shanghai,
China), with sequences detailed in Table 1. Quantitative real-
time PCR (RT-PCR) was conducted using the GoTaq® qP-
CR Master Mix (Promega; Madison, WI, USA). Glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) served as the in-
ternal control to ensure normalization and accuracy of the ex-
pression data.
Western blotting assay

Protein samples from mouse cortex tissues and BV-2
cells were prepared by homogenizing in RIPA lysis buffer
containing 1% Trition-100, 1% deoxycholate, 0.1% sodium
dodecyl sulfate (SDS), and 1 mmol-L™" phenylmethylsulf-
onyl fluoride (PMSF). The homogenates were lysed on ice
for 1 hour, followed by centrifugation at 12 000 x g for 15
min. The supernatants were then subjected to heat denatura-
tion at 70 °C for 10 min. Protein concentrations were determ-
ined using the bicinchoninic acid (BCA) assay. For protein
analysis, 30 pg of each sample was separated by 12% SDS-
polyacrylamide gel (PAGE) and  sub-
sequently transferred to polyvinylidene difluoride (PVDF)
membranes (Millipore, Bedford, MA, USA). The
branes were blocked with 5% skim milk for 30 min, and in-

electrophoresis
mem-

cubated overnight at 4 °C with primary antibodies targeting
CDI11b (#49420; CST; Danvers, MA, USA), IL-1B (#12242;
CST; Danvers, MA, USA), NLRP3 (#15101; CST; Danvers,
MA, USA), caspase-1 (ab179515; Abcam; Cambridge, MA,
USA), gp91™™ (ab129068; Abcam; Cambridge, MA, USA),
B-actin (66009-1; Proteintech; Wuhan, China) and GAPDH
(#8884; CST; Danvers, MA, USA). After incubation with
primary antibodies, the membranes were washed three times
with TBST buffer and incubated with horseradish peroxidase
(HRP)-conjugated secondary antibodies (SA00001-2; Pro-
teintech, Wuhan, China) for 4 h. The protein bands were
visualized and documented. B-actin or GAPDH was used as
an internal control to ensure equal protein loading and trans-
fer across all samples.
Enzyme-linked immunosorbent assay (ELISA)

The concentrations of IL-1B and IL-18 were quantified
using commercial ELISA kits, following the manufacturer’s
instructions. The IL-1f ELISA kit (MLBOOC) was sourced

from NOVUS (Shanghai, China), and the IL-18 kit (EK0433)
was obtained from Boster (Wuhan, China). Both IL-1B and
IL-18 levels were determined based on standard curves
provided with the kits. The results were expressed in pico-
grams per milliliter of supernatant, facilitating accurate and
reproducible measurement of cytokine levels in the samples.
ROS measurement

The levels of ROS, both in vivo and in vitro, were quanti-
fied using four independent assays. These included dihydro-
ethidium (DHE) staining, sourced from Beyotime (Shanghai,
China), a commercial hydrogen peroxide (H,0,) kit also from
Beyotime (Shanghai, China), the Amplex Red H,0, assay
provided by Invitrogen (Carlsbad, CA, USA), and the 2',7'-
dichlorofluorescein diacetate (H2DCF-DA) assay from
Nanjing Jiancheng (Nanjing, China). Each assay was selec-
ted for its specificity and sensitivity in detecting different
forms of ROS within biological samples.

DHE staining: As previously described *> %, the DHE
staining method was utilized both in vivo and in vitro to de-
tect ROS. In vivo, mice were intraperitoneally injected with a
DHE probe at a dosage of 20 mg-kg™". Following a 2-hour in-
cubation, brain tissues were harvested, fixed, and dehydrated
to prepare sections for imaging. In vitro, BV-2 cells were
washed and incubated with a 10 umol-L™" concentration of
the DHE probe at 37°C for 1 hour in darkness. The stained
cells and tissues were visualized and imaged for further ana-
lysis.

H,0, measurement: Cortex tissues were weighted and
homogenized in lysis buffer on ice. After centrifugation at
12 000 x g for 5 min, the supernatants were collected, and
protein concentrations were determined using the BCA meth-
od. Samples were then mixed with reagents from the com-
mercial hydrogen peroxide kit (Beyotime, Shanghai, China)
and processed for 30 min. Absorbance was measured at a
wavelength of 560 nm, and H,0, content was calculated and
expressed in micromoles per gram of protein.

Amplex red assay: For in vitro H,O, level measurement,
the Amplex Red assay was performed according to the kit’s
instructions (Invitrogen, Carlsbad, CA, USA). BV-2 cells
were washed with PBS and incubated with a buffer contain-
ing 10 pmol-L™" Amplex Red and 0.2 U-mL™" HRP for 1 h at
37 °C. Fluorescence was measured with 485/595) excitation
at 485 nm and emission at 595 nm. Relative fluorescence

Table 1 Primer sequences of target genes used for real-time PCR

Reverse primer (5'-3")

Primer size

Gene bank number Gene Forward primer (5'-3')
NM_008361 IL-1p TGACGGACCCCAAAAGATGA
NM_001357221 IL-18 ACAACTTTGGCCGACTTCAC
NM_ 001359638 NLRP3 CGAGATGCAGGAGGAAGACT
NM_009807 caspase-1 TGTCAGGGGCTCACTTTTCA
NM_007807 gp91phox GGTTTTGGCGATCTCAGCAA
NM_001289726 GAPDH AGGTCGGTGTGAACGGATTTG

TCTCCACAGCCACAATGAGT
GGTCACAGCCAGTCCTCTTA
CCTTGGGCGAGTTGTGAAAA
CCGGGAAGAGGTAGAAACGT
ACTGTCCCACCTCCATCTTG
TGTAGACCATGTAGTTGAGGTCA

20 bp (F), 20 bp (R)
20 bp (F), 20 bp (R)
20 bp (F), 20 bp (R)
20 bp (F), 20 bp (R)
20 bp (F), 19bp (R)
21bp (F), 22 bp (R)

®
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units (RFU) were then calculated.

H2DCFDA assay: Fresh cortex tissues were rinsed with
chilled saline and digested with 0.25% trypsin, with gentle
agitation. The resultant cell suspensions were collected by
centrifugation at 500 x g for 10 min to obtain single-cell sus-
pensions. These cells, along with BV-2 cells, were seeded
and incubated with a 20 umol-L™" H2DCF-DA probe for 1 h
in darkness. Fluorescence was recorded (Ex/E,,=485/525),
and RFU was computed accordingly.

Intracellular NADP™ and NADPH quantification

Intracellular NADP" and NADPH levels in cortex tis-
sues and BV-2 cells were determined using a commercial
NADP'/NADPH assay kit (Beyotime, Shanghai, China). The
tissues and cells were homogenized with the provided extrac-
tion reagent and lysed on ice. The supernatants were collec-
ted following centrifugation at 12 000 x g for 15 min, and the
protein concentrations were quantitatively analyzed using the
BCA method. Following the manufacturer’s protocol, the
samples were reacted with the assay reagents. Absorbance
was measured at 450 nm. The concentrations of NADP" and
NADPH were calculated and expressed as a percentage of the
control, normalized per gram of protein.

Neurotoxicity determination

To assess neurotoxicity, a conditioned medium (CM)
culture model was utilized with SH-SY5Y neuronal cells. BV-
2 cells were seeded and treated with LPS. Following treat-
ment, supernatants were collected, centrifuged at 1 000 x g
for 15 min at 4 °C, and used as the CM. SH-SYS5Y cells were
then seeded and incubated with either a normal medium or
the collected CMs for 48 hours to evaluate the effects on
neuronal viability.

MTT Assay

Cell viability was measured using the MTT assay, which
assesses the metabolic activity of the cells.

Lactate Dehydrogenase (LDH) release assay: LDH re-
lease, indicative of cell membrane integrity and cytotoxicity,
was quantified using a commercial kit (Beyotime, Shanghai,
China). SH-SY5Y cells were treated with either serum-free
DMEM or CMs, followed by incubation with LDH release
reagent for 1 h in the dark. After centrifugation at 400 x g for
5 min, supernatants were collected and reacted with the kit’s
reagents under dark conditions. The absorbance at 490 nm
was measured, and relative LDH levels were calculated.

Calcein AM/Propidium lodide (PI) staining: For further
evaluation of cell viability and death, cells were washed with
PBS, and stained with calcein AM and PI (10 umol-L™,
Beyotime; Shanghai, China) for 45 min in the dark. Calcein
AM stains live cells green, while PI stains dead cells red. Im-
ages were taken, analyzed, and documented to assess the pro-
portion of live versus dead cells.

Statistical analysis

All experimental data are presented as mean = SEM. To
determine statistical significance among different groups, a
one-way analysis of variance (ANOVA) was employed, fol-
lowed by Tukey’s post hoc test for multiple comparisons.

®

Statistical significance was established at a threshold of P <
0.05.

Results

Reynosin suppresses LPS-induced microglial inflammation
responses in vitro

To investigate the anti-neuroinflammatory effect of reyn-
osin, BV-2 microglial cells were stimulated with LPS to
mimic microglial activation in vitro. Initial assessments us-
ing the MTT assay indicated that reynosin (at concentrations
of 1, 5, and 10 umol-L™") did not significantly affect cell vi-
ability, a finding also observed in cells treated with MINO
(Fig. 1B). Further analysis revealed that reynosin effectively
reduced the expression of the microglial activation marker
CD11b (Fig. 1C). It also inhibited the mRNA levels of pro-
inflammatory cytokines IL-1p and IL-18 (Figs. 1D-1E), as
well as the expression of mature IL-1p protein (Fig. 1F). Ad-
ditionally, reynosin decreased the levels of IL-1f and IL-18
protein in the supernatant (Figs. 1G-1H), demonstrating a
suppression of inflammatory mediators typically upregulated
by LPS. The level of inhibition observed was comparable to
that achieved with MINO treatment. These findings confirm
that reynosin effectively suppresses microglial inflammatory
responses in vitro.
Reynosin suppresses LPS-induced microglial inflammation
responses in vivo

To determine whether reynosin could mitigate neuroin-
flammation mediated by microglia in vitro, mice were in-
tracerebroventricularly (i.c.v.) injected with LPS, and mi-
croglial activation was subsequently assessed. Following LPS
administration, there was a significant increase in microglial
activation as evidenced by the elevated number of Iba-1 pos-
itive cells and the morphological transition from a resting
state with small cell bodies and few, short branches to an ac-
tivated state characterized by enlarged cell bodies and numer-
ous, elongated branches (Figs. 2A-2B). This morphological
change is indicative of microglial activation. Concomitantly,
there was a notable increase in the expression of pro-inflam-
matory cytokines. Both mRNA and protein levels of IL-
1Band IL-18 were significantly elevated in LPS-admin-
istered mice compared with those treated with the vehicle
control (Figs. 2C-2H). As illustrated in Figs. 2A-2B, Treat-
ment with reynosin at doses of 2.5 and 5 mg-kg™" effectively
reduced these markers of microglial activation and inflamma-
tion. Specifically, reynosin significantly lowered IL-18 and
IL-18 mRNA levels (Figs. 2C-2D) and decreased their pro-
tein expression and relative fluorescence intensity (Figs.
2E-2I). MINO, used as a positive control, similarly reduced
microglial activation (Figs. 2A-2B) and decreased the ex-
pression of both IL-1B and IL-18 mRNA and proteins (Figs.
2C-21). These findings suggest that reynosin, like MINO, ef-
fectively inhibits LPS-induced microglial inflammation in

vivo.
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Fig. 2 Reynosin suppressed microglial inflammation activated by LPS in vivo. Mice were intracerebroventricularly injected
with LPS to activate neuroinflammation in vivo. Microglial over-activation was evaluated using Iba-1 IF staining. (A—B) Repres-
entative images and statistical analysis of Iba-1 were shown (Iba-1: n =9 from 3 mice, 100 x or 400 X, scale bar = 100 pm or 10
pm). (C-D) IL-1p and IL-18 mRNA expressions were measured by RT-PCR, n= 3. IL-18 expression was assessed by immuno-
fluorescence staining and an ELISA commercial kit. (E-F) Representative images of IL-18 staining and quantitative analysis
were shown, n = 5. (G) The expression level of IL-18 was exhibited, n = 6 from 3 mice. The protein level of IL-1p was analyzed via
Western blotting assay. (H-I) Representative images of pro-IL-1p and mature IL-1p immunoblot bands were presented, n= 3.

Data are expressed as means + SEM. * P< 0.01, *P< 0.001 vs the vehicle group; * P < 0.05, " P<0.01 and ™" P < 0.001 vs the
LPS group. MINO: minocycline hydrochloride (40 mg'kgfl).
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Reynosin inhibits LPS-activated NLRP3 inflammasome activ-
ation in vitro and in vivo

To further elucidate the upstream regulatory mechan-
isms of reynosin, its effects on NLRP3 inflammasomes were
investigated both in vitro and in vivo. In cell culture experi-
ments, reynosin at concentrations of 1, 5, and 10 pmol'L7l
notably downregulated the transcriptional levels of NLRP3
and caspase-1, reduced NLRP3 protein expression, de-
creased caspase-1 self-cleavage, and diminished the number
of ASC specks in LPS-treated BV-2 cells (Figs. 3A-3F).
These effects were similarly observed with MINO, which
served as a control (Figs. 3A—3F). In animal models, reynos-
in at doses of 2.5 and 5 mg-kg ' effectively reduced the elev-
ated mRNA levels of NLRP3 and caspase-1 induced by i.c.v.
LPS injection (Fig. 3G-3H). Additionally, it significantly
suppressed the upregulation of NLRP3 protein expression
and caspase-1 self-cleavage observed following LPS treat-
ment (Figs. 31-3J). These in vivo findings are in agreement
with the in vitro data, reinforcing the role of reynosin in mit-
igating NLRP3 inflammasome activation. The data also
showed that MINO-treated samples exhibited lower levels of
these inflammatory markers (Figs. 3G-31J).
Reynosin downregulates LPS-evoked ROS excessive release
in vitro and in vivo

Reynosin was evaluated for its ability to modulate ROS
generation following LPS induction both in vitro and in vivo.
In cell-based assays, treatment with reynosin in LPS stimu-
lated BV-2 cells, led to a decrease in DHE relative fluores-
cence intensity and reduced Amplex Red and H2DCFDA
RFU, indicating a significant suppression of O, , H,0O,, and
intracellular ROS levels (Figs. 4A—4D). Similar inhibitory ef-
fects on these oxidative stress markers were observed in cells
treated with MINO (Figs. 4A—4D). In vivo, the application of
reynosin to mice exposed to LPS significantly reduced oxid-
ative stress markers in cortex tissues, as demonstrated by
lower DHE relative fluorescence intensity, H,O, content, and
H2DCFDA RFU compared with those in LPS-administered
mice (Figs. 4E—4H). These results indicate that reynosin ef-
fectively mitigates the accumulation of O, , H,0,, and intra-
cellular ROS that are typically elevated due to LPS-induced
damage. MINO treatment also led to reduced levels of DHE
fluorescence density, H,O, content, and H2DCFDA RFU in
vivo, further confirming the therapeutic potential of inhibit-
ing ROS in the context of LPS-induced oxidative stress (Figs.
4E—4H).
Reynosin suppresses LPS-induced NADPH oxidase activa-
tion in vitro and in vivo

Reynosin was evaluated for its ability to suppress the ac-
tivation of NADPH oxidase, a critical enzyme involved in
ROS generation, both in vitro and in vivo. In vitro, after treat-
ment with reynosin, LPS-stimulated BV-2 cells showed a sig-
nificant reduction in the activation of NADPH oxidase, evid-
enced by downregulated levels of NADP™ and NADPH, de-
creased mRNA and protein expression of gp91™™,
reduced p47°"™ membrane translocation Figs. 5SA—5D. Simil-

and

®

arly, in vivo studies demonstrated that mice in the LPS group
exhibited increased NADP’® and NADPH levels, higher
gp91™™* mRNA and protein expressions, and more extensive
p47™ membrane translocation compared with the vehicle
group. Treatment with reynosin significantly mitigated these
LPS-induced elevations, effectively inhibiting NADPH oxi-
dase activity in vivo (Figs. 6A—6D). Reynosin treatment sig-
nificantly suppressed these LPS-induced changes in vivo
(Figs. 6A—6D). Moreover, MINO treatment also resulted in
lowered levels of these indicators, further validating the po-
tential of targeting NADPH oxidase in reducing oxidative
stress and inflammation both in vitro (Figs. 5SA-5D) and in
vivo (Figs. 6A—6D).
Inhibition of NADPH oxidase enhances the effects of reynosin

To elucidate the inhibitory effects of reynosin on
neuroinflammation via the reduction of NADPH oxidase-me-
diated NLRP3 inflammasome activation, BV-2 cells were pre-
treated with apocynin to inhibit NADPH oxidase and
MCC950 to suppress the NLRP3 inflammasome. The results
demonstrated that reynosin’s inhibitory impact on NADP"
and NADPH levels, as well as ROS production in LPS-activ-
ated BV-2 cells, was further enhanced when co-incubated
with apocynin but not with MCC950, as depicted in Figs.
7A-7B. Notably, a more significant reduction in IL-1 and IL-
18 mRNA expressions was observed in cells treated with
both reynosin and apocynin compared with those treated with
reynosin alone or reynosin with MCC950 (Figs. 7C-7D).
Furthermore, the combined treatment with apocynin and
MCC950 led to an additional decrease in IL-1p and IL-18
protein levels (Figs. 7E-7F). These findings confirm that
reynosin effectively mitigates inflammatory responses by in-
hibiting the NADPH oxidase/NLRP3 inflammasome path-
way.
Reynosin protects neuronal cells against microglial neuroin-
flammation in vitro and in vivo

Reynosin was evaluated for its neuroprotective proper-
ties against microglial-induced neuroinflammation in both in
vitro and in vivo models. An in vitro CM culture model was
utilized to assess the neurotoxic effects on SH-SYS5Y neuron-
al cells, employing MTT, LDH assays, and calcein/PI stain-
ing. As displayed in Figs. 8A—8D, Results indicated that there
were no significant changes in the viability of SH-SYS5Y cells
incubated with normal medium (blank group) or CM from the
control group (CON-CM group), as evidenced by stable LDH
levels and unchanged calcein and PI fluorescence intensities.
However, when cells were exposed to CM from the LPS-
stimulated group (LPS-CM group), there was a notable re-
duction in cell viability, increased LDH levels in the super-
natant, decreased calcein fluorescence, and increased PI
fluorescence, indicating enhanced neurotoxicity due to over-
activated microglia. Importantly, these toxic effects were sig-
nificantly mitigated by treatments with reynosin and MINO
(Figs. 8A—8D). In vivo studies further supported these find-
ings. Mice treated with LPS exhibited a reduction in NeuN-
positive neuronal cells in the cortex compared with the
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Fig. 3 Reynosin inhibited LPS-activated NLRP3 inflammasome in vitro and in vivo. (A-B, G-H) NLRP3 and caspase-1 mRNA
expressions were measured using RT-PCR, n =3. NLRP3 protein expression and caspase-1 cleavage were determined by West-
ern blotting assay. (C-D, I-J) Representative immunoblot bands and quantitative analysis of NLRP3 and mature caspase-1 were
shown, n= 3. ASC expression was measured by IF staining. (E-F) Representative images of ASC expression and quantitative
analysis were displayed, n = 4, scale bar = 50 pm. Data are expressed as means + SEM. * P < 0.01 and ** P < 0.001 vs vehicle or

CON group; P<0.05,” P<0.01 and ™~ P < 0.001 vs LPS group. MINO: minocycline hydrochloride (30 pmol-L™" for in vitro; 40
mg-kg™ for in vivo).

vehicle group, suggesting neuronal loss associated with itive cells in the cortex (Figs. 8E—8F). These findings collect-
neuroinflammation. Conversely, treatment with reynosin and ively demonstrate that reynosin not only mitigates microglial
MINO eftectively countered this loss, preserving NeuN-pos- activation but also confers substantial neuroprotection against

®
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the adverse effects of neuroinflammation. flammation both in vivo and in vitro. This protective effect is

. . likely attributable to reynosin’s ability to suppress NLRP3 in-
Discussion Y crorey Y 0 PP

flammasome activation. Notably, this is the first report docu-

The current study has demonstrated that reynosin treat- menting the neuroinflammatory suppression mediated by

ment provides significant neuroprotection against neuroin- reynosin in the brain, marking a significant contribution to

®
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group;

the existing literature on the pharmacological effects of reyn-
osin. The findings presented herein highlight reynosin’s po-
tential as an effective inhibitor of neuroinflammation, offer-
ing promising therapeutic avenues for conditions character-
ized by neuroinflammatory processes. This study not only ex-
tends our understanding of reynosin’s broad pharmacological
profile but also underscores its therapeutic potential in com-
bating NDDs.

Neuroinflammation is a multifaceted response, with mi-
croglia recognized as primary instigators of inflammatory
processes in the brain ™ '". Upon activation, microglia re-
lease a plethora of inflammatory mediators that not only ex-
acerbate local inflammation but also recruit adjacent immune
cells, thereby contributing to neuronal degeneration and neur-
ological impairments "', LPS, a component derived from the
outer membrane of gram-negative bacteria, is widely used to

. . . . . . . 34
induce neuroinflammation both in vivo and in vitro ®". Ex-

®

" P<0.001 vs the LPS group. MINO: minocycline hydrochloride (30 pmol-L™").

posure to LPS triggers elevated levels of pro-inflammatory
cytokines, chemokines, nitric oxide, and ROS, along with ab-
[34, 35]

. Ad-
ditionally, LPS exposure negatively impacts cultured neuron-
al cells by reducing cell viability *, inducing nuclear con-
1 causing synaptic loss and degenerative chang-

, and promoting abnormal aggregation of neurotoxic pr-
[34, 36-38]

normal activation of enzymes in cultured glial cells

densation
es [36]
oteins such as amyloid-beta, tau, and alpha-synuclein
Intracerebral or systemic administration of LPS is known to
activate microglia and astrocytes, trigger excessive release of
pro-inflammatory cytokines or ROS P, enhance processing

[34, 38]

and deposition of AP, a-synuclein , and lead to signific-

B4 These effects collectively result in

ant neuronal loss
memory deficits and behavioral alterations, making LPS a
valuable tool for elucidating the connection between NDDs
and central inflammation ¥, Our research reveals that reyn-

osin effectively curtails microglial activation and signific-
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Fig. 6 Reynosin lowed NADPH oxidase activation activated by LPS in vivo. (A) Intracellular NADP" and NADPH in the cortex
tissues were determined using a commercial kit, n =9 from 3 mice. (B) The mRNA expression of gp91°"™ was measured using RT-
PCR, n= 3. The protein expression of gp91”"* was measured by Western blotting assay. (C) Typical immunoblot bands and
quantitative analysis of gp91°"* were displayed, n= 3. (D) The expression of p47°"** in the cortex was measured by IF staining,
n=3, scale bar = 50 pm. Data are expressed as means = SEM, **P < 0.001 vs the vehicle group; "P< 0.05, "P< 0.01 and ""P <
0.001 vs the LPS group. MINO: minocycline hydrochloride (40 mg-kg ).

antly diminishes the production and release of the pro-inflam-
matory cytokines IL-1B and IL-18 in both LPS-stimulated
cells and mice, thereby offering neuroprotection against LPS-
induced damage. This study is the first to report reynosin’s
inhibitory effect on brain inflammation and provides novel
evidence supporting its anti-inflammatory properties. These
findings align with previous studies on its analog, Santamar-
in, which also demonstrated notable anti-inflammatory ef-
fects in LPS-activated macrophages .. Further, our in vitro
assay showed that reynosin displays significant anti-inflam-
matory activity at concentrations lower than those of Santam-
arin. The differential activity may be attributed to variations
in the substitution positions of the double bond within the
reynosin molecule, which could affect its lipophilicity and
molecular reactivity, enhancing its cellular membrane per-
meability and interaction with target proteins.

Numerous studies have shown that LPS can activate the

®

NLRP3 inflammasome in microglia. LPS interacts with toll-
like receptor 4 (TLR4), the most extensively studied of the
TLRs, which is predominantly expressed on the surface of
immune cells Y  This interaction initiates the
TLR4/MyD88/NF-kB signaling pathway °%, leading to the
transcription of NLRP3 and caspase-1, as well as the tran-
scription and translation of IL-1B and IL-18 ™. The activa-
tion signals induced by LPS facilitate the assembly of the in-
flammasome complex, activation of caspase-1, and the cata-
lytic processing of pro-IL-1B and pro-IL-18 into their active
forms "> '* 91 Additionally, LPS is involved in non-classical
NLRP3 inflammasome activation by promoting pro-caspase-
11 expression, which contributes to inflammasome-independ-
ent pyroptosis ™'\, In this study, we report for the first time
that reynosin attenuates NLRP3 inflammasome activation by
inhibiting the transcription of NLRP3, caspase-1, IL-1f, and
IL-18. Furthermore, reynosin suppresses NLRP3 protein ex-
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#itH

Data are expressed as means £ SEM. " P < 0.001 vs CON group,

pression, ASC oligomerization, caspase-1 activation, and the
maturation and release of IL-1f and IL-18 in both LPS-activ-
ated mice and cell models. These findings underscore reynos-
in's potential as a therapeutic agent in managing inflammat-
ory responses mediated by the NLRP3 inflammasome.

The dysregulated production of ROS is a key contributor
to neuroinflammation in NDD brains due to the resulting ox-
idative stress. ROS also serve as upstream regulators that ac-
tivate the NLRP3 inflammasome *" **!, which is a common
platform triggered by various endogenous and exogenous
stimuli “?. It is generally accepted that ROS are essential for
the "priming" stage of NLRP3 inflammation "> . As a
primary source of ROS, NADPH oxidase plays a crucial role
in NLRP3 inflammasome activation “?. In macrophages
treated with NLRP3 agonists, both NLRP3 inflammasome ac-
tivation and ROS production from NADPH oxidase are elev-
ated " 1. Inhibition of NADPH oxidase through genetic de-
letion of components like gp91™* or p22™™* or pharmacolo-
gical inhibition with apocynin or DPI reduces caspase-1 ac-
tivation and IL-1p production > *. Yet, the necessity of
ROS generated by NADPH oxidase during the NLRP3 in-
flammasome activation stage remains controversial. For ex-
ample, macrophages from patients with chronic granulomat-
ous disease (CGD) lacking p22™ still produce normal levels
of IL-1p after stimulation with NLRP3 agonists M9 and cas-
pase-1 activation in murine alveolar macrophages from
gp91™ mice remains unchanged after cyclic stretch ™,
These results revealed that NADPH oxidase is dispensable
for the activation of the NLRP3 inflammasome and sparked

""P<0.001 vs LPS group, “P < 0.05 vs LPS + reynosin group.

the debate regarding whether ROS are truly involved in
NLRP3 inflammasome activation but contribute to the prim-
ing stage. These findings suggest that NADPH oxidase might
not be essential for NLRP3 inflammasome activation, stir-
ring debate over ROS's role in this process and highlighting
that ROS can be produced via various pathways, not exclus-
ively through NADPH oxidase. In this study, we have dis-
covered for the first time that reynosin effectively suppresses
excessive intracellular ROS production, including O, and
H,0,, by inhibiting the over-activation of NADPH oxidase.
This suppression is evidenced by decreased gp91™™ protein
expression and prevention of p47™™ membrane translocation.
Moreover, cells co-treated with reynosin and the NADPH ox-
idase inhibitor apocynin exhibited reduced levels of ROS and
pro-inflammatory cytokines IL-1p and IL-18. Furthermore,
the cells co-treated with reynosin and NADPH oxidase inhib-
itor, apocynin, exhibited lower levels of ROS, IL-13, and IL-
18. However, co-incubation with reynosin and MCC950, the
NLRP3 inflammasome inhibitor, did not exert suppressive ef-
fects on ROS and IL-1f and IL-18 mRNA expression. These
findings suggest that reynosin’s inhibition of the NLRP3 in-
flammasome activation is primarily mediated by suppressing
NADPH oxidase over-activation. This mechanism represents
a novel aspect of reynosin’s anti-inflammatory effects and
adds to our understanding of its potential therapeutic actions.
While these findings are promising, there are limitations that
merit consideration. Further investigation is needed to clarify
the precise mechanisms by which reynosin inhibits NLRP3
inflammasome activation via attenuation of NADPH oxidase
activity. Future studies will involve more targeted ap-
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Fig. 8 Reynosin protected neurons from LPS damages in vitro and in vivo. In vitro, the cell viability of SH-SYSY cells in CM
model was measured using MTT assay (A), LDH commercial kit (B), and calcein AM/PI staining. (C-D) Representative images
and statistical analysis of calcein AM and PI staining are shown, n = 4, scale bar = 100 pm. Neuronal loss in the cortex of mice
was evaluated using NeuN IF staining. (E-F) Representative images and statistical analysis of NeuN staining were shown, n = 9
from 3 mice, scale bar = 100 pm. Data are expressed as means £ SEM. *P < 0.05,P < 0.01, and **P < 0.001 vs the vehicle or CON-
CM group, P <0.05,and ~P < 0.01 vs the LPS or LPS-CM group. CM: conditional medium; MINO: minocycline hydrochloride
(30 pmol-L™ for in vitro; 40 mg-kg™' for in vivo).
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proaches, such as the use of small interfering RNA or short
hairpin RNA, to delineate these pathways more clearly. Over-
all, reynosin demonstrates comprehensive inhibitory effects
on multiple pathological processes involved in neuroinflam-
mation, substantiating its potent neuroprotective capabilities
even at low doses.

Conclusion

The present study conclusively demonstrates that reynos-
in exerts neuroprotective effects by mitigating microglial in-
flammation, primarily through the suppression of NLRP3 in-
flammasome activation. This suppression is facilitated by the
inhibition of NADPH oxidase-mediated ROS production.
Given these outcomes, reynosin emerges as a promising can-
didate for the treatment of NDDs characterized by the over-
activation of the NLRP3 inflammasome. These findings not
only enhance our understanding of reynosin's pharmacologic-
al profile but also underscore its potential utility in address-
ing a critical pathological mechanism in NDDs.

References

[17 Heemels MT. Neurodegenerative diseases [J]. Nature, 2016,
539: 179.

[2] Dugger BN, Dickson DW. Pathology of neurodegenerative dis-
eases [J]. CSH Perspect Biol, 2017, 9(7): a028035.

[3] Jellinger KA. Basic mechanisms of neurodegeneration: a critic-
al update [J]. J Cell Mol Med, 2010, 14: 457-487.

[4] Peden AH, Ironside JW. Molecular pathology in neurodegener-
ative diseases [J]. Curr Drug Targets, 2012, 13: 1548-1559.

[5] Kempuraj D, Thangavel R, Natteru PA, ef al. Neuroinflamma-
tion induces neurodegeneration [J]. J Neurol Neurosurg Spine,
2016, 1(1): 1003.

[6] Glass CK, Saijo K, Winner B, ef al. Mechanisms underlying in-
flammation in neurodegeneration [J]. Cell, 2010, 140: 918-934.

[71 Hickman S, Izzy S, Sen P, et al. Microglia in neurodegenera-
tion [J]. Nat Neurosci, 2018, 21: 1359-1369.

[8] ZhanY, Paolicelli RC, Sforazzini F, et al. Deficient neuron-mi-
croglia signaling results in impaired functional brain connectiv-
ity and social behavior [J]. Nat Neurosci, 2014, 17: 400-406.

[91 Xu YL, Jiang CY, Wu JY, et al. Ketogenic diet ameliorates
cognitive impairment and neuroinflammation in a mouse mod-
el of Alzheimer’s disease [J]. CNS Neurosci Ther, 2022, 28:
580-592.

[10] Mishra A, Bandopadhyay R, Singh PK, et al. Neuroinflamma-
tion in neurological disorders: pharmacotherapeutic targets
from bench to bedside [J]. Metab Brain Dis, 2021, 36: 1591-
1626.

[11] Liston A, Masters SL. Homeostasis-altering molecular pro-
cesses as mechanisms of inflammasome activation [J]. Nat Rev
Immunol, 2017,17: 208-214.

[12] Kelley N, Jeltema D, Duan Y, et al. The NLRP3 Inflamma-
some: an overview of mechanisms of activation and
regulation [J]. Int J Mol Sci, 2019, 20: 3328.

[13] Lu A, Magupalli VG, Ruan J, et al. Unified polymerization
mechanism for the assembly of ASC-dependent inflamma-
somes [J]. Cell, 2014, 156: 1193-1206.

[14] Martinon F, Burns K, Tschopp J, et al. The inflammasome: a
molecular platform triggering activation of inflammatory cas-
pases and processing of pro IL-beta [J]. Mol Cell, 2002, 10: 417-
426.

[15] Fink SL, Cookson BT. Caspase-1-dependent pore formation

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

—499 -

during pyroptosis leads to osmotic lysis of infected host macro-
phages [J]. Cell Microbiol, 2006, 8: 1812-1825.

Anderson FL, Biggs KE, Rankin BE, ef al. NLRP3 inflamma-
some in neurodegenerative disease [J]. Trans/ Res, 2023, 252:
21-33.

Saresella M, Rosa FL, Piancone F, et al. The NLRP3 and
NLRP! inflaimmasomes are activated in Alzheimer’s
disease [J]. Mol Neurodegener, 2016, 11: 23.

Heneka MT, Kummer MP, Stutz A, et al. NLRP3 is activated
in Alzheimer’s disease and contributes to pathology in
APP/PS1 mice [J]. Nature, 2013, 493: 674-678.

Hewinson J, Moore SF, Glover C, et al. A key role for redox
signaling in rapid P2X7 receptor-induced IL-1 beta processing
in human monocytes [J]. J Immunol, 2008, 180: 8410-8420.
Brandes RP, Weissmann N, Schroder K. Nox family NADPH
oxidases: molecular mechanisms of activation [J]. Free Radic
Biol Med, 2014, 76: 208-226.

Bauernfeind F, Bartok E, Rieger A, et al. Cutting edge: react-
ive oxygen species inhibitors block priming, but not activation,
of the NLRP3 inflammasome [J]. J Immunol, 2011, 187: 613-
617.

Ma MW, Wang J, Dhandapani KM, et a/. NADPH oxidase 2
regulates NLRP3 inflammasome activation in the brain after
traumatic brain injury [J]. Oxid Med Cell Longev, 2017, 2(017):
6057609.

Qiu LL, Ji MH, Zhang H, et al. NADPH oxidase 2-derived re-
active oxygen species in the hippocampus might contribute to
microglial activation in postoperative cognitive dysfunction in
aged mice [J]. Brain Behav Immun, 2016, 51: 109-118.

Shoaib M, Shah I, Ali N, et al. Sesquiterpene lactone! a prom-
ising antioxidant, anticancer and moderate antinociceptive
agent from Artemisia macrocephala jacquem [J]. BMC Comple-
ment Altern Med, 2017, 17(1): 27.

Marino SD, Borbone N, Zollo F, ef al. New sesquiterpene lac-
tones from Laurus nobilis leaves as inhibitors of nitric oxide
production [J]. Planta Med, 2005, 71: 706-710.

Garayev E, Herbette G, Giorgio CD, et al. New sesquiterpene
acid and inositol derivatives from Inula montana L [J]. Fitoter-
apia, 2017, 120: 79-84.

Al-Attas AA, El-Shaer NS, Mohamed GA, et al. Anti-inflam-
matory sesquiterpenes from Costus speciosus rhizomes [J]. J
Ethnopharmacol, 2015, 176: 365-374.

Lim S, Lee SJ, Nam KW, et al. Hepatoprotective effects of
reynosin against thioacetamide-induced apoptosis in primary
hepatocytes and mouse liver [J]. Arch Pharm Res, 2013, 36:
484-494.

Oh JH,Kim J, Karadeniz F, et al. Santamarine shows anti-pho-
toaging properties via inhibition of MAPK/AP-1 and stimula-
tion of TGF-B/Smad signaling in UVA-Irradiated HDFs [J].
Molecules, 2021, 26: 3585.

Ham A, Kim DW, Kim KH, et al. Reynosin protects against
neuronal toxicity in dopamine-induced SH-SY5Y cells and 6-
hydroxydopamine-lesioned rats as models of Parkinson’s dis-
ease: reciprocal up-regulation of E6-AP and down-regulation of
a-synuclein [J]. Brain Res, 2013, 1524: 54-61.

Zhu H, Jian ZH, Zhong Y, et al. Janus kinase inhibition ameli-
orates ischemic stroke injury and neuroinflammation through
reducing NLRP3 inflammasome activation via JAK2/STAT3
pathway inhibition [J]. Front Immunol, 2021, 12: 714943.
Wang CY, Zhang Q, Xun Z, et al. Increases of iASPP-Keapl
interaction mediated by syringin enhance synaptic plasticity
and rescue cognitive impairments via stabilizing Nrf2 in
Alzheimer’s models [J]. Redox Biol, 2020, 36: 101672.

Hu C, Zhang X, Wei WY, et al. Matrine attenuates oxidative
stress and cardiomyocyte apoptosis in doxorubicin-induced car-


https://doi.org/10.1038/539179a
https://doi.org/10.1101/cshperspect.a028035
https://doi.org/10.1111/j.1582-4934.2010.01010.x
https://doi.org/10.2174/138945012803530134
https://doi.org/10.1016/j.cell.2010.02.016
https://doi.org/10.1038/s41593-018-0242-x
https://doi.org/10.1038/nn.3641
https://doi.org/10.1111/cns.13779
https://doi.org/10.1007/s11011-021-00806-4
https://doi.org/10.1038/nri.2016.151
https://doi.org/10.1038/nri.2016.151
https://doi.org/10.3390/ijms20133328
https://doi.org/10.1016/j.cell.2014.02.008
https://doi.org/10.1016/s1097-2765(02)00599-3
https://doi.org/10.1111/j.1462-5822.2006.00751.x
https://doi.org/10.1016/j.trsl.2022.08.006
https://doi.org/10.1186/s13024-016-0088-1
https://doi.org/10.1038/nature11729
https://doi.org/10.4049/jimmunol.180.12.8410
https://doi.org/10.1016/j.freeradbiomed.2014.07.046
https://doi.org/10.1016/j.freeradbiomed.2014.07.046
https://doi.org/10.4049/jimmunol.1100613
https://doi.org/10.1016/j.fitote.2017.05.011
https://doi.org/10.1016/j.fitote.2017.05.011
https://doi.org/10.1016/j.jep.2015.11.026
https://doi.org/10.1016/j.jep.2015.11.026
https://doi.org/10.1007/s12272-013-0039-0
https://doi.org/10.3390/molecules26123585
https://doi.org/10.1016/j.brainres.2013.05.036
https://doi.org/10.3389/fimmu.2021.714943
https://doi.org/10.1016/j.redox.2020.101672

YANG Yangqiu, et al. / Chin J Nat Med, 2024, 22(6): 486-500

diotoxicity via maintaining AMPKa/UCP2 pathway [J]. Acta tone isolated from Saussurea lappa, represses LPS-induced in-

Pharm Sin B, 2019, 9: 690-701. flammatory responses via expression of heme oxygenase-1 in
[34] Batista CRA, Gomes GF, Candelario-Jalil E, et al. Lipopoly- murine macrophage cells [J]. Int Immunopharmacol, 2012, 13:

saccharide-induced induced neuroinflammation neuroinflam- 271-279.

mation as a bridge to understand neurodegeneration [J]. Int J [40] Liao PC, Chao LK, Chou JC, et al. Lipopolysaccharide/aden-

Mol Sci, 2019, 20: 2293. osine triphosphate-mediated signal transduction in the regula-
[35] Frangois A, Terro F, Janet T, et al. Involvement of interleukin- tion of NLRP3 protein expression and caspase-1-mediated in-

1B in the autophagic process of microglia: relevance to terleukin-1p secretion [J]. Inflamm Res, 2013, 62: 89-96.

Alzheimer’s disease [J]. J Neuroinflammat, 2013, 10: 151. [41] Diamond CE, Khameneh HJ, Brough D, et al. Novel perspect-
[36] Yang XL, Zhang JD, Duan L, et al. Microglia activation me- ives on non-canonical inflammasome activation [J]. Immunot-

diated by toll-like receptor-4 impairs brain white matter tracts argets Ther, 2015, 4: 131-141.

in rats [J]. J Biomed Res, 2018, 32: 136-144. [42] Abais JM, Xia M, Zhang Y, et al. Redox regulation of NLRP3
[37] Zhang W, Gao JH, Yan ZF, et al. Minimally toxic dose of inflammasomes: ROS as trigger or effector? [J]. Antioxid

lipopolysaccharide and a-synuclein oligomer elicit synergistic Redox Signal, 2015, 22: 1111-1129.

dopaminergic neurodegeneration: role and mechanism of mi- [43] Cruz CM, Rinna A, Forman HJ, ef al. ATP activates a reactive

croglial NOX2 activation [J]. Mol Neurobiol, 2018, 55: 619- oxygen species-dependent oxidative stress response and secre-

632. tion of proinflammatory cytokines in macrophages [J]. J Biol
[38] Sheng JG, Bora SH, Xu G, et al. Lipopolysaccharide-induced- Chem, 2007, 282: 2871-2879.

neuroinflammation increases intracellular accumulation of [44] Wu JB, Yan Z, Schwartz DE, et al. Activation of NLRP3 in-

amyloid precursor protein and amyloid beta peptide in APPswe flammasome in alveolar macrophages contributes to mechanic-

transgenic mice [J]. Neurobiol Dis, 2003, 14: 133-145. al stretch-induced lung inflammation and injury [J]. J Immunol,
[39] Choi HG, Lee DS, Li B, ef al. Santamarin, a sesquiterpene lac- 2013, 190: 3590-3599.

Cite this article as: YANG Yanqiu, CHE Yue, FANG Mingxia, et al. Reynosin protects neuronal cells from microglial
neuroinflammation by suppressing NLRP3 inflammasome activation mediated by NADPH oxidase [J]. Chin J Nat Med, 2024,
22(6): 486-500.

Professor Li Ning has been selected for the national-level young talent, the young top talent of "Xingliao Talent
Plan", and the hundred-level talent of Liaoning province. She is currently the dean of School of Traditional
Chinese Materia Medica, deputy director of the Key Laboratory of "Target-based Drug Design and Research" of
Ministry of Education, and director of the Key Laboratory of Innovative Traditional Chinese Medicine for Major
Chronic Diseases of Liaoning Province. She focuses on studies regarding preventing and treating major diseases

with Traditional Chinese Medicine. She has presided over 8 National Natural Science Foundation projects. As the
first/corresponding author, she has published 126 SCI papers, obtained 32 authorized invention patents, and wrote 22 mono-
graphs (5 in English). She won 2011 CPA-Servier Young Investigator Awards in Medicinal Chemistry and three provincial Sci-
ence and Technology Progress Awards. She is also the youth Committee member of the Chinese Society of Traditional Chinese
Medicine and the vice Chairman of the Chinese Medicine Chemistry Branch.

Prof. Hou Yue is the director of Key Laboratory of Bioresource Research and Development of Liaoning Province.
She received her B.E. degree in 2000 and Ph.D. degree in 2005 from Shenyang Pharmaceutical University. She is
mainly engaged in research on the effect and mechanism of natural constituent from Chinese herbal medicine or
plants against stroke and Alzheimer’s disease. To date, she has published over 100 SCI papers, including Ad-
vanced Science, Phytomedicine, Journal of Neuroinflammation, etc.

—500—


https://doi.org/10.7555/jbr.32.20170033
https://doi.org/10.1007/s12035-016-0308-2
https://doi.org/10.1016/j.intimp.2012.04.016
https://doi.org/10.2147/ITT.S57976
https://doi.org/10.2147/ITT.S57976
https://doi.org/10.1074/jbc.m608083200
https://doi.org/10.1074/jbc.m608083200

	Introduction
	Material and Methods
	Animal model, drugs, and grouping
	Immunofluorescence (IF)  staining  assay
	Cells, treatment, and (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay
	Real-time reverse transcription-polymerase chain reaction (RT-PCR)
	Western blotting assay
	Enzyme-linked immunosorbent assay (ELISA)
	ROS measurement
	Intracellular NADP+ and NADPH quantification
	Neurotoxicity determination
	MTT Assay
	Statistical analysis

	Results
	Reynosin suppresses LPS-induced microglial inflammation responses in vitro
	Reynosin suppresses LPS-induced microglial inflammation responses in vivo
	Reynosin inhibits LPS-activated NLRP3 inflammasome activation in vitro and in vivo
	Reynosin downregulates LPS-evoked ROS excessive release in vitro and in vivo
	Reynosin suppresses LPS-induced NADPH oxidase activation in vitro and in vivo
	Inhibition of NADPH oxidase enhances the effects of reynosin
	Reynosin protects neuronal cells against microglial neuroinflammation in vitro and in vivo

	Discussion
	Conclusion
	References

