
ORIGINAL ARTICLE

Amelioration of Juglanin against LPS-Induced
Activation of NLRP3 Inflammasome in Chondrocytes
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Abstract— Arthritis is characterized by irreversible joint destruction and presents a global
health burden. Natural alternatives to synthetic drugs have been gaining popularity for their sa-
fety and effectiveness. Juglanin has demonstrated a range of anti-inflammatory effects in various
tissues and cell types. However, the pharmacological function of Juglanin in arthritis and
chondrocytes has been little studied. ATDC5 cells were treatedwith 1μg/mL lipopolysaccharide
(LPS) in the presence or absence of juglanin (2.5, 5 μM) for 24 h. The effects of juglanin on
cellular nucleotide-binding domain leucin-rich repeat receptor 3 (NLRP3) inflammasome com-
plex and endproduct interleukin 1β (IL-1β) and interleukin (IL-18) were assessed by reverse
transcription-polymerase chain reaction (RT-PCR), enzyme-linked immunosorbent assay
(ELISA), and Western blot experiments. The oxidative stress was measured by super oxide
dismutase (SOD) activity and NADPH oxidase 4 (NOX4) expression. The dependent effect of
juglanin on silent information regulator 2 homolog 1 (SIRT1) was evaluated by siRNA
knockdown approach. Juglanin significantly reduced cellular oxidative stress by downregulating
NOX4 expression production and rescuing the decreased activity of total SOD induced by LPS.
Juglanin inhibited the activation of the TxNIP/NLRP3/ASC/caspase-1 axis, and decreased
production of IL-1β and IL-18. Moreover, juglanin rescued the LPS-induced decrease in SIRT1
expression. SIRT1 silencing abolished the anti-NLRP3 inflammasome effect of juglanin, indi-
cating that the effects of juglanin are dependent on its amelioration on SIRT1 expression.
Juglanin possesses an anti-inflammatory and anti-ROS capacity in chondrocytes, and this study
provides available evidence that juglanin may be of use in the treatment of arthritis.

KEY WORDS: Arthritis; Juglanin; Lipopolysaccharide (LPS); Thioredoxin-interacting protein (TXNIP); Chronic
inflammation; Oxidative stress.

INTRODUCTION

As a chronic inflammatory disease, arthritis involves
a wide range of inflammatory mechanisms. Arthritis is the
most common arthritic disease worldwide, but due to its
complicated etiology, a safe and reliable treatment to halt
or prevent arthritis has not yet been developed [1].
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Chondrocytes are the most abundant cell type found in
articular cartilage, and therefore, chondrocyte dysfunction
is a major factor in the pathogenesis of this painful degen-
erative joint disease. In normal joints, chondrocytes are
quiescent, fully differentiated cells, which function to reg-
ulate anabolism/catabolism of the cartilage matrix and
maintain joint homeostasis and cell survival [2]. However,
in arthritis, exposure to proinflammatory cytokines and
oxidative stress induces chondrocytes to perpetuate the
inflammatory response and assume a hypertrophic prolif-
erative state [3, 4]. Lipopolysaccharides (LPS) are a proin-
flammatory byproduct of Gram-negative bacteria that are
recognized to contribute to arthritis by activating the
NLRP3 inflammasome, immune cells, and chondrocytes,
inducing cartilage matrix destruction, and eliciting a pain
response [5, 6]. The stimulation of chondrocytes with LPS
is a common experimental method to simulate arthritis
in vitro [7].

The assembly and activation of the NLRP3
inflammasome complex is a significant event in the path-
ogenesis of arthritis. The NLRP3 Nod-like receptor protein
can be activated by a wide range of ligands, including
signaling molecules; bacteria and viruses; cell debris; and
byproducts of microbial metabolism, such as LPS, among
other things. Upon activation of NLRP3, this receptor
binds to ASC, which mediates the cleavage of caspase 1
to form the NLRP3 inflammasome complex. Caspase 1
then cleaves pro-interleukin (IL)-1β and pro-IL-18, there-
by triggering the inflammatory response mediated by the
secretion of these mature cytokines [8, 9]. Oxidative stress
is another major factor in the development and progression
of arthritis. Increased production of reactive oxygen spe-
cies (ROS) and decreased super oxide dismutase (SOD)
activity leads to an imbalance in the oxidant/antioxidant
ratio, which has been shown to be involved in the patho-
genesis of arthritis [10]. NADPH oxidase 4 (NOX4) has
been shown to enhance ROS production in arthritis, and its
activation and expression are increased by LPS [11, 12].
The increased expression of the pro-oxidant enzymes in-
cluding SOD and NLRP3 inflammasome has been con-
nected to the pathogenesis of arthritis. LPS treatment trig-
gers extracellular matrix-aggrecan degradation [13] and
pro-oxidant gene expression [12]. Furthermore, increased
production of ROS causes thioredoxin-interacting protein
(TxNIP) to dissociate from thioredoxin and bind to
NLRP3, thereby activating the inflammasome and contrib-
uting to IL-1β maturation in arthritis [14]. The sirtuin 1
(SIRT1) transcriptional pathway is known for its protective
role in various cells and tissues, and the expression of
SIRT1 is reduced by LPS [15]. Rescuing the reduction in

SIRT1 activity is an attractive treatment target for mitigat-
ing inflammation and oxidative stress in arthritis [16–18].
Additionally, research has shown that SIRT1 can inhibit
the activation of the NLRP3 inflammasome [19]. Impor-
tantly, the potential role of NLRP3 inflammasome in
chondrocytes has been reported in recent studies. The
expressions of caspase 1, ASC, and NLRP3 proteins in
lysates of primary chondrocytes from OA knee joint ex-
plants is needed for the maturation of IL-1β and IL-18
[20]. Exposure to proinflammatory cytokines such as TNF-
α induced chondrocyte damage due to NLRP3
inflammasome activation [21].

Juglanin is a naturally occurring flavonoid compound
isolated from Polygonum aviculare, a type of knotgrass,
which has been shown to exert anti-inflammatory, antiox-
idative stress, and anti-cancer effects. Molecular structure
of juglanin is shown in Fig. 1. Recent research has shown
that juglanin can also inhibit LPS-induced neuroinflamma-
tion and lung injury by suppressing the expression of
proinflammatory cytokines, including tumor necrosis
factor-α (TNF-α), IL-1β, and IL-6, and inhibiting the
activation of the nuclear factor-κB (NF-κB) inflammatory
signaling pathway [22]. Interestingly, a contemporary
study found that juglanin might ameliorate arthritis by
inhibiting the IL-1β-induced expression of cytokines, in-
cluding cyclooxygenase 2 (COX2) and prostaglandin E2
(PGE2); oxidative stress; the expression of degradative
enzymes, including matrix metalloproteinases (MMPs)
and a disintegrin and metalloprotease thrombospondin
(ADAMTS); and activation of the NF-κB pathway [23].
These findings present an excellent basis for further re-
search regarding the role of juglanin in arthritis. In the
present study, we investigated the effects of juglanin on
some other aspects of oxidative stress and inflammation,
including ROS, SOD, and NOX4 production, TxNIP-
mediated NLRP3 inflammasome activation, and the in-
volvement of the SIRT1 pathway. Our findings show that
juglanin exerts a potent anti-inflammatory effect in LPS-
induced chondrocytes.

MATERIALS AND METHODS

Cell Culture and Treatment

Prior to the experiments, the chondrogenic ATDC5
cells (Bang-yi Biotechnology, China) were differentiated
for 1 week by culturing in the T75 cell culture flask with a
differentiation medium (DMEM/F-12 (1:1) containing
GlutaMAX I and supplemented with 5% fetal serum, 1%
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sodium pyruvate, and 0.5% gentamicin). The cell cultures
were maintained in a humidified atmosphere (5% CO2) at
37 °C, and the culture media was replaced with fresh media
every second or third day. For LPS stimulation, ATDC5
cells were plated in T25 cell culture flasks and grown to
80–90% confluence. The cells were then treated with 1 μg/
mL LPS [5, 6, 18] (Sigma-Aldrich, USA) in the presence
or absence of juglanin (> 98% Purity) (2.5, 5 μM) (Yuanye
Biotech, China) [20–23] for 24 h. The juglanin powder was
firstly dissolved in DMSO and stored in −20 °C freezer and
diluted in PBS for cell culture.

Real-Time PCR

For real-time polymerase chain reaction (PCR) anal-
ysis, total RNAwas extracted from the cells using TRIZOL
reagent (Life Science Inc., USA) in accordance with the
manufacturer’s protocol. Then, 1–2 μg of total RNA was
used to perform reverse transcription PCR using a One-
Step First cDNA Synthesis Kit (Life Science Inc., USA).
Real-time PCR was performed using the SYBR Green
method on an HT-7500 Real-time PCR system (ABI Sys-
tem Inc., USA). Briefly, the cells were pre-incubated for
5 min at 95 °C followed by 40 cycles at 95 °C for 30 s, and
60 °C for 30 s. The resulting data are presented as relative
fold changes, which were obtained by normalizing to
GAPDH. Quantification of the target genes was performed
using the 2−ΔΔCt method. The following primers were used
in this study: NOX4 (forward: 5′-TGCCTGCTCATTTG
GCTGT-3 ′ , reverse: 5 ′-CCGGCACATAGGTA
AAAGGATG-3 ′ ) ; TxNIP ( forward : 5 ′ -GGCT
AAAGTGCTTTGGATGC-3 ′ , reverse: 5 ′-AGGT
CTCATGATCACCATCTCA-3′); SIRT1 (forward: 5′-
CAGCAAGGCGAGCATAAA-3′; reverse: 5′-TTCA

GAACCACCAAAGCG-3′); GAPDH (forward: 5′-
ACCCCTTCATTGACCTCAAC-3′, reverse: 5′-CTTG
ACGGTGCCATGGAATT-3′).

Western Blot Analysis

After the indicated treatment, the cells were washed
with ice-cold PBS buffer (pH 7.4) and lysed using RIPA
buffer (0.5% Triton X-100, 0.5% sodium deoxycholate salt,
150 mM NaCl, 20 mM Tris (pH 7.4), 10 mM EDTA,
containing protease/inhibitor cocktail (Roche, Switzerland).
A Bradford Assay (BioRad, USA) was used to determine
the concentration and quality of the lysed samples. Equal
amounts of samples (20 μg) were loaded onto 10% SDS-
PAGE gels, and the proteins of interest were separated
according to size. The protein mixture was then transferred
onto PVDF membranes (Millipore, USA) and blocked with
5% non-fat milk for 1 h. The blots were incubated with
following primary antibody: NOX4 (1:1000, Cat#14347–1-
AP, Proteintech, USA), TXNIP (1:2000, Cat#14715, Cell
Signaling Technology, USA), NLRP3 (1:1000, cat#19771–
1-AP, Proteintech, USA), ASC (1:1000, Cat#sc-22,514-R,
Santa Cruz Biotechnology, USA), caspase-1 p10 (1:500,
Cat#sc-514, Santa Cruz Biotechnology, USA), SIRT1
(1:1000, Cat#13161–1-AP, Proteintech, USA), and β-actin
(1:1000, sc-130,656, Santa Cruz Biotechnology, USA) sep-
arately overnight at 4 °C, and then incubated with corre-
sponding chemiluminescence-labeled secondary antibodies
for 1 h at room temperature (Cell Signaling Technology,
USA). An automatic C-DiGit™ Blot Scanner (LI-COR
Biosciences, USA) was used to visualize the reacted blots.
The densitometry of the blots was analyzed using the
ImageJ software. Firstly, the Western blot bands were
scanned, and the background was subtracted. The target
bands were then selected, and the signal intensities were
quantified. Data were exported for statistical analysis.

Elisa

After the indicated treatment, the cell culture media
was collected and centrifuged at 1000 rpm for 10 min to
remove any cell debris. The supernatant was then used to
perform enzyme-linked immunosorbent assay (ELISA)
using commercial kits for IL-1β and IL-18 in accordance
with the manufacturer’s instructions (R&D Systems, USA,
Cat# MLB00C, #DY122–05). Ninety-six-plate reader
spectrometry was used to collect the resulting data. A
standardized 4-PL curve was used to obtain absolute
values. The relative levels of IL-1β and IL-18 were nor-
malized to the total protein level. The results are expressed
as fold changes.

Fig. 1. Molecular structure of juglanin.
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Determination of ROS and Total SOD

To measure the cellular ROS, the living cells
were stained with dihydroethidium dye (DHE) (Sig-
ma-Aldrich, USA). The cells were washed 3 times
and loaded with 5 μM fluorescent DHE probe for
30 min at 37 °C in darkness. The fluorescent signals
were detected at an excitation wavelength of 518 nm
using a fluorescent microscope. The results of ROS
staining were analyzed using the ImageJ software.
The regions of interest (ROIs) were defined and the
number of cells in the ROIs were counted. Then, the
integrated density value (IDV) of fluorescence in the
ROIs was analyzed. Average levels of ROS = IDV/the
average number of cells.

For total SOD determination, the cells were
suspended in 130 mM KCl plus 50 mM PBS sup-
plemented with 0.1 ml of 0.1 M dithiothreitol. The
cells were centrifuged at 10,000 rpm for 15 min at
4 °C, and the supernatant was collected for biochem-
ical evaluation. To determine total SOD activity, a
previously described method based on the inhibition
of the formation of the NADH–PMS–NBT complex
was used [24].

SIRT1 Knockdown

For our SIRT1 knockdown experiment, the
SIRT1-specific DNA sequence was targeted using a
SIRT1 siRNA-based approach. We transfected
ATDC5 chondrocytes with SIRT1 siRNA (siSIRT1:
5′-CCACCUGAGUUGGAUGAUA-3′) using Lipofec-
tamine RNAi Max reagent (Thermo Fisher Scientific,
USA) in accordance with the manufacturer’s instruc-
tions. The transfected cells were grown in a 5% O2/
95% CO2 incubator at 37 °C for 48–72 to silence
SIRT1 expression. To verify successful knockdown,
Western blot analysis was performed by blotting
SIRT1 protein against its specific antibody.

Statistical Analysis

All experiments were repeated in triplicate, and
the experimental data are presented as means ± stan-
dard deviation (S.D.). Comparisons between groups
were performed using the ANOVA method followed
by Boneferri’s post hoc test (SPSS, version 22.0). An
indexed value of P < 0.05 was deemed statistically
significant.

RESULTS

Juglanin Prevents LPS-Induced Oxidative Stress in
ATDC5 Chondrocytes

Firstly, we assessed the effects of juglanin on LPS-
induced oxidative stress by measuring the ROS, SOD, and
NOX4. Our results show that LPS induced a 3.8-fold
increase in ROS, which was reduced to 2.4- and 1.5-fold
by 2.5 and 5 μM juglanin (Fig. 2a). Meanwhile, LPS
induced a decrease in total SOD activity of 58%, which
was rescued to decreases of only 29% and 12% by the two
respective doses of juglanin (Fig. 2b). In the presence of
LPS alone, the gene and protein expression of NOX4 was

Fig. 2. Juglanin prevented LPS-induced oxidative stress in ATDC5
chondrocytes. Cells were treated with 1 μg/mL LPS in the presence or
absence of juglanin (2.5, 5 μM) for 24 h. a intracellular ROS was
measured by dihydroethidium (DHE) staining. Scale bar, 100 μm. B Total
SOD activity (n = 4, ****P < 0.0001 vs. vehicle group; ##P < 0.01 vs. LPS
group; ^^P < 0.01 vs. LPS + 2.5 μM juglanin).
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increased to 3.7- and 3.3-fold, while the two doses of
juglanin dose-responsively reduced the gene expression
of NOX4 to 2.6- and 1.8-fold, and the protein expression
to 2.4- and 1.6-fold (Fig. 3a, b). Thus, juglanin treatment
can reduce LPS-induced oxidative stress by downregulat-
ing NOX4-mediated ROS production and preserving the
level of the antioxidant SOD.

Juglanin Inhibits the Activation of the NLRP3
Inflammasome via TxNIP

Next, we determined the effects of juglanin treatment
on the activation of the NLRP3 inflammasome in
chondrocytes induced by LPS. TxNIP binds to the NLRP3
receptor and acts as a key activator of the NLRP3
inflammasome complex. As shown in Fig. 4a, b, LPS
induced a 3.5- and 3.1-fold increase in the gene and protein
expression of TxNIP, respectively. Meanwhile, the addi-
tion of the two doses of juglanin dose-responsively reduced
the expression of TxNIP to only 2.4- and 1.8-fold at the
gene level, and 2.3- and 1.6-fold at the protein level. We
confirmed whether this inhibition of TxNIP suppressed the

assembly and activation of the NLRP3 inflammasome by
measuring the expression of NLRP3, ASC, and cleaved
caspase 1 (p10). As shown in Fig. 5, LPS increased the
expression of these three respective molecules by 3.2-, 2.8-
, and 3.6-fold. However, upon the addition of 2.5 and 5 μM
juglanin, the expression of NLRP3was reduced to 2.2- and
1.5-fold, ASC was reduced to 2.1- and 1.7-fold, and p10
was reduced to 2.5- and 1.8-fold, showing a noticeable
dose -dependen t inh ib i to ry e f fec t on NLRP3
inflammasome assembly.

Juglanin Inhibits the Production of IL-1β and IL-18

To confirm the inhibition of NLRP3 inflammasome
activation, we measured the expression levels of two im-
portant proinflammatory cytokines produced by the
NLRP3 inflammasome, IL-1β and IL-18. The importance
of these two cytokines in arthritis has been well-
documented [22, 23]. The results of ELISA in Fig. 6a, b
show that the protein secretion of IL-1β and IL-18 were
significantly increased upon exposure to LPS, but juglanin
dose-dependently reduced this increase in their expression

Fig. 3. Juglanin prevented LPS-induced expression of NADPH oxidase 4 (NOX4) in ATDC5 chondrocytes. Cells were treated with 1 μg/mL LPS in the
presence or absence of juglanin (2.5, 5 μM) for 24 h. a gene expression of NOX4 asmeasured by real-time PCR. B protein of NOX4 asmeasured byWestern
blot analysis (n = 4, ****P < 0.0001 vs. vehicle group; ##P < 0.01 vs. LPS group; ^^P < 0.01 vs. LPS + 2.5 μM juglanin).

Fig. 4. Juglanin prevented LPS-induced expression of TxNIP in ATDC5 chondrocytes. Cells were treated with 1 μg/mL LPS in the presence or absence of
juglanin (2.5, 5 μM) for 24 h. a gene expression of TxNIP. B protein of TxNIP as measured (n = 4, ****P < 0.0001 vs. vehicle group; ##P < 0.01 vs. LPS
group; ^^P < 0.01 vs. LPS + 2.5 μM juglanin).
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by more than half. Thus, juglanin successfully prevented
the production of IL-1β and IL-18 by inhibiting the as-
sembly and activation of the NLRP3 inflammasome.

The Effects of Juglanin Are Mediated through SIRT1

We determined whether the SIRT1 protective path-
way was involved in mediating the effects of juglanin
described above. SIRT1 has been shown to suppress
NLRP3 activation in various cell types, but the exact
involvement of the SIRT1/NLRP3 pathway in
chondrocytes remains unclear [25]. As shown in
Fig. 7a, b, LPS reduced the expression of SIRT1 by about
half at both the gene and protein levels, while remarkably,
juglanin dose-responsively restored SIRT1 expression to
only 7% and 4% below baseline at the respective gene and
protein levels. Finally, we performed a SIRT1 siRNA
knockdown experiment to assess whether SIRT1 signaling

is required for the effects of juglanin. The successful
knockdown of SIRT1 is shown in Fig. 8a. The results in
Fig. 8b, c show that knockdown of SIRT1 almost
completely abolished the ameliorative effect of on LPS-
induced increased NLRP3 inflammasome activation and
secretion of IL-18. Thus, the ability of juglanin to reduce
NLRP3 inflammasome activation and cytokine production
is dependent on the SIRT1 pathway.

DISCUSSION

The inflammatory processes and overproduction of
ROS products involved in the development and progres-
sion of arthritis are diverse and complex. To test the anti-
ROS activity of juglanin, we assessed three different types
of redox indicators. Firstly, we measured its effect on DHE

Fig. 5. Juglanin ameliorated LPS-induced activation of NLRP3 inflammasome in ATDC5 chondrocytes. Cells were treated with 1 μg/mL LPS in the
presence or absence of juglanin (2.5, 5 μM) for 24 h. expression of NLRP3, ASC, and cleaved caspase-1 (p10) were measured by Western analysis (n = 4,
**P < 0.01 vs. vehicle group; ##P < 0.01 vs. LPS group; ^^P < 0.01 vs. LPS + 2.5 μM juglanin).

Fig. 6. Juglanin ameliorated LPS-induced secretions of IL-1β and IL-18 in ATDC5 chondrocytes. Cells were treated with 1 μg/mL LPS in the presence or
absence of juglanin (2.5, 5 μM) for 24 h. a secretions of IL-1β. b. Secretions of IL-18 (n = 5, ****P < 0.0001 vs. vehicle group; ##P < 0.01 vs. LPS group;
^^P < 0.01 vs. LPS + 2.5 μM juglanin).
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oxidation. DHE is oxidized by the superoxide (O2−) and
forms hydrogen peroxide (H2O2) by SOD family
protein or forms the peroxynitrite, and DHE oxidation
reflects ROS reaction from superoxide. Secondly, we
surveyed cellular SOD activity which represents the
antioxidant capacity to superoxide. Thirdly, we
assessed NOX4 expression in cytoplasm, which has

been shown to be involved in arthritis development
[11, 12]. NOX4 is one of NADPH oxidase complexes,
and only releases hydrogen peroxide, so NOX4-derived
ROS is a part of the redox reaction in cytoplasm. Our
data shows that juglanin significantly reduced cellular
oxidative stress by downregulating NOX4 overproduc-
tion and ameliorating SOD activity by LPS.

Fig. 7. Juglanin preserved LPS-induced reduction of SIRT1 in ATDC5 chondrocytes. Cells were treated with 1 μg/mL LPS in the presence or absence of
juglanin (2.5, 5 μM) for 24 h. a gene expression of SIRT1. B protein of SIRT1 (n = 4, ****P < 0.0001 vs. vehicle group; ##P < 0.01 vs.LPS group; ^^P < 0.01
vs. LPS + 2.5 μM juglanin).

Fig. 8. Silencing of SIRT1 abolished the protective effects of juglanin against LPS-induced activation of NLRP3 inflammasome in ATDC5 chondrocytes.
Cells were transfected with SIRT1 siRNA, followed by treatment with 1 μg/mL LPS in the presence or absence of juglanin (5 μM) for 24 h. a successful
knockdown of SIRT1 (1, 0.46) is shown in Fig. 7a. B knockdown of SIRT1 abolished the inhibitory effects of Juglanin in NLRP3 expression.C secretions of
IL-18 (n = 5, ****P < 0.0001 vs. vehicle group; ##P < 0.01 vs. LPS group; ^^P < 0.01 vs. LPS + 2.5 μM juglanin).
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Numerous studies have explored the potential of fla-
vonoids to reduce oxidative stress and chronic inflamma-
tion in diseases including arthritis. Flavonoids such as
juglanin have been shown to exert a wide range of antiox-
idant effects [26–28]. For example, juglanin has been
shown to reduce the production of ROS and cellular senes-
cence in dermal fibroblasts [29]. Additionally, it has been
demonstrated that juglanin can induce breast cancer cell
apoptosis and autophagy through ROS/JNK signaling [30].
Other flavonoids have been demonstrated to reduce NOX4
signaling [31], but the effects of juglanin on NOX4 have
not been thoroughly assessed. Here, we found that, con-
cordant with previous research, treatment with juglanin
could significantly reduce the production of ROS, while
ameliorating the LPS-induced decrease in total SOD activ-
ity. The inhibitory effect of juglanin on ROS production is
likely the result of its inhibitory effect onNOX4 expression
demonstrated in our study. These findings suggest a

significant antioxidant effect of juglanin in the arthritis
microenvironment.

The NLRP3 inflammasome has been receiving in-
creasing attention for its potential as a treatment target
against arthritis. Flavonoids have been demonstrated to
inhibit the activation of NLRP3 in an array of tissues, cell
types, and diseases, including kidney, colon, and ischemia/
reperfusion injury, and gout arthritis [32]. The citrus flavo-
noid rutin has been found to inhibit NOX4 expression as
well as activation of the TxNIP/NLRP3/caspase-1/IL-1β
axis in vivo [33]. Another study found that the flavonoid
morin could inhibit inflammation in an IL-1β-stimulated
arthritis chondrocyte cell model [34]. Interestingly, a recent
study found that the flavonoid curcumin could protect
against arthritis by inhibiting the release of TNF-α, IL-
1β, and cleaved caspase 1, and suppressing the activation
of the NLRP3 inflammasome [35]. Honokiol, another fla-
vonoid, has been shown to alleviate intravertebral disc

Fig. 9. A representative schematic of the molecular mechanisms.

Wang, Wang, Sun, and Li1126



degradation by preventing the activation of the inflamma-
tory TxNIP/NLRP3/caspase-1/IL-1β axis [36]. In the pres-
ent study, we show that juglanin can suppress the activa-
tion of the TxNIP/NLRP3/ASC/caspase-1 axis and the
subsequent assembly and activation of the NLRP3
inflammasome. Additionally, we confirmed this inhibition
by demonstrating a corresponding decrease in the produc-
tion of IL-1β and IL-18, the two products of the NLRP3
inflammasome.

The SIRT1 signaling pathway is regarded as a key
protective mechanism in arthritis. Studies have shown that
flavonoids can modulate the expression of SIRT1, which
may be useful in the treatment of a wide range of diseases,
including cancers, diabetes, aging, and arthritis [37]. In
healthy cartilage, SIRT1 is expressed to maintain cartilage
homeostasis, but upon short-term exposure of
chondrocytes to inflammatory cytokines, SIRT1 takes on
a protective role by promoting cell survival and preventing
degradation of the cartilage ECM. In severe arthritis, how-
ever, when chondrocytes have suffered long-term exposure
to cytokines, SIRT1 expression is barely detectable and
cartilage undergoes excessive degradation [38]. Previous
research has demonstrated the inhibitory effect of SIRT1
on NLRP3 inflammasome activation by downregulating
the expression of NLRP3, ASC, and caspase-1, which is
consistent with our findings [39]. Here, we found that the
inhibitory effects of juglanin on NLRP3 inflammasome
activation were abolished in SIRT1-silent chondrocytes,
thereby demonstrating the reliance of juglanin on SIRT1
to mediate its anti-inflammatory effects. A representative
schematic of the molecular mechanisms is shown in Fig. 9.

There are several limitations to the current study. We
only investigated the beneficial effects of Juglanin against
LPS-induced activation of NLRP3 inflammasome in
ATDC5 chondrocytes. It has to be realized that the patho-
physiology of arthritis is complex. A variety of risk factors
have been associated with the initiation and progression of
arthritis, including genetics, aging, and joint injuries. Fur-
ther in vivo experiments using animal models and clinical
trials should be performed to further explore the pharma-
cological function of Juglanin in arthritis.

In summary, our findings demonstrate a distinct abil-
ity of juglanin to mitigate LPS-induced inflammation in
chondrocytes by improving the oxidant/antioxidant ratio
and inhibiting the activation of the NLRP3 inflammasome
through modulating SIRT1 expression. While these results
show a promising multi-functional anti-inflammatory ca-
pacity of juglanin, further research is required to determine
whether these same results are achievable in vivo.
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