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Abstract
Background and Objective: Inflammation is a key factor in the pathogenesis of arthritis. In the present study, investigated the potential
of osthole, a major natural product, to treat monosodium urate crystal (MSU) induced acute gouty arthritis in rats and explore the
mechanisms underlying osthole mediated immunomodulation. Materials and Methods: Rats were oral administrated with osthole at
24 h prior to 3 mg MSU injection, the volume and width of swelling ankle were recorded to evaluate the protection of osthole in vivo.
LPS+MSU in Raw 264.7 cells was utilized to assess the effects of osthole on NLRP3 inflammasome in vitro. Results: Osthole could
alleviate MSU-induced arthritis through inhibiting the generation of inflammatory factors and NLRP3 inflammasome activation in vivo.
Pretreatment with osthole significantly suppressed MSU or LPS induced NF-κB signal along with the transcription of inflammatory
factors. In addition, osthole decreased MSU induced oxidative stress and lysosomal damage. Current findings illustrated that osthole
significantly suppressed NLRP3 inflammasome in synovial tissue and macrophage cells. The potential mechanism may be based on the
attenuation of NF-κB mediated first signal and oxidative stress and lysosome mediated second signal in NLRP3 inflammasome activation.
Conclusion: Osthole might be a promising therapeutic agent for alleviating gouty arthritis through inhibiting NLRP3 inflammasome.
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Lipopolysaccharides (LPS, Escherichia coli, L2630, Serotype

INTRODUCTION

O111:B4), 3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium
Gouty arthritis is a common form of inflammatory arthritis

bromide (MTT), ammonium persulfate, sodium dodecyl

due to deposition of monosodium urate crystal (MSU) in and

sulphate, Triton X-100 and Tris-base were procured from

around joints, which is characterized by an acutely red, hot

Sigma-Aldrich (St. Louis, Missouri, USA). DMEM, RPMI-1640

and swollen joint with excruciating pain1. Many researches

and fetal bovine serum (FBS), TRIzol were purchased from

confirmed that inflammatory response to MSU is mediated

Life Technologies (Grand Island, New York, USA). Reduced

principally by macrophages2. Activated macrophages release

glutathione (GSH) assay kit (A006-2), Superoxide Dismutase

numerous inflammatory mediators such as TNF-", IL-1$ and

(SOD)

IL-6 and inflammatory microenvironment can recruit more

Malondialdehyde (MDA) assay kit (TBA method) (A003-1)

inflammatory cells to exacerbate edema and joint injury. IL-1$

were all obtained from the Institute of Biological Engineering

is a critical inflammatory factor in gouty arthritis. Inflammatory

of Nanjing Jiancheng (Nanjing, China). Anti-p65 (#8242),

responses is alleviated in MSU-induced mice deficient in IL-1$

anti-phosphate-p65 (#3033), anti-NLRP3 (#15101), anti-ASC

assay

kit

(WST-1

method) (A001-3)

and

or the IL-1 receptor . In addition, MSU-induced IL-1$ release

(#67824), anti-caspase-1 (#3866), anti-COX-2 (#12282), $-actin

is mediated by NOD-like receptors containing a PYD 3 (NLRP3)

(#5174), HRP conjugated Goat anti-Rabbit IgG (#7074) and

inflammasomes2. Inflammation and pain responses are

RIPA cell lysate(#9806) were purchased from Cell Signaling

3,4

significantly reduced in MSU-treated NLRP3-deficient mice .

Technology corporation. Other chemical reagents were

Thus, NLRP3 inflammasome is a potential therapeutic target

ordered from Sangon Biotech (Shanghai, China).

5

in MSU-induced arthritis.
(7-methoxy-8-(3-methyl-2-butenyl)-2H-1-

Synthesis of monosodium urate (MSU) crystal: The MSU was

benzopyran-2-one) (FIg. 1a) is a natural coumarin, an active

prepared as described previously with little modification2.

constituent derived from Cnidium monnieri (L.) Cusson, that

About 100 mg of uric acid was dissolved in 20 mL of distilled

exhibits wide pharmacological effects, including anti-

water with 60 µL of 10 mol/L NaOH to maintain pH between

Osthole

6,7

8,9

oxidative , anti-cancer , vascular protection

10

and

7.2 and 7.4 at 70EC. The solution was kept overnight in

immunomodulatory11 properties. Osthole has also been

constant shaking and then kept at room temperature for 24 h.

reported to exert anti-inflammatory property. Osthole

The mixture was transferred in 15 mL tube and stored at 4EC

inhibits NF-κB signaling and inflammatory mediators to

for 4 days. Needle-like crystals were recovered and suspended

protect kidney failure and carotid artery injury12-14. Notably,

by vortex overnight. The crystals were collected after washing

osthole reduced NF-κB expression in LPS-stimulated

twice with 100% ethanol and once with acetone followed by

15

adipocytes may associated with the activation of PPAR"/γ.

centrifugation at 3000 rpm for 3 min at 4EC. Finally, The MSU

Osthole alleviates inflammation by an activated Nrf2-mediated

crystals were suspended in sterile endotoxin-free Phosphate

antioxidant pathway in the early stage of focal segmental

Buffered Saline (PBS).

glomerulosclerosis model16. In addition, osthole has effective
anti-inflammatory activity in neutrophils through the
17

suppression of PDE4.

MSU induced ankle arthritis model: The MSU induced ankle
arthritis model was performed as described previously and

However, the effect of osthole on MSU-induced arthritis

modified a little2. About 150-180 g male Sprague-dawley rats

has not been reported. Considering the anti-inflammatory

were divided to four experimental groups (n = 8/group),

effect of osthole and the critical role of NLRP3 in arthritis, this

including normal group, MSU-induced arthritis group, 20 mg

present study was designed to explore the effect of osthole on

kgG1 osthole+MSU treatment group and 40 mg kgG1

NLRP3 inflammasome in MSU-induced acute gouty arthritis

osthole+MSU treatment group. All animal experiments were

and the possible mechanisms involved.

performed according to guidelines and with approval of
Animal Experimentation Ethics Committee at YeDa Hospital

MATERIALS AND METHODS

(No. 20170520). About 3 mg MSU crystals suspended into
50 µL endotoxin-free PBS were injected intra-articularly into

Materials: Osthole was purchased from aladdin (Shanghai,

the ankle joint of the rats anaesthetized with 2.5% isoflurane.

China). Dimethyl sulfoxide (DMSO), isopropanol, ethanol
and chloroform were purchased from China national
medicine group chemical reagent co., LTD. Calycosin,

Osthole was orally administered at 20 and 40 mg kgG1
concentration per day at the day before the injection of MSU
crystals. After 48 h of MSU crystals injection, the rats were
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sacrificed for evaluation of inflammation parameters. The
ankle swelling were recorded using was measured using a
paw volume meter (Chengdu Taimen Company, China) and
the ankle caliper diameter of each group were measured at 24
h after MSU injected.

and the mRNA expression was carried out using the DyNAmo
SYBR Green 2-step qRT-PCR kit (Finnzymes, F430L). Data
collection was performed using ABI PRISM 7000 Sequence
Detection System with the SYBR Green PCR Master Mix
(Applied Biosystems).The 2G))Cq method was applied to
analyze the relative changes in genes expression. Primer

Cell viability: Raw 264.7 macrophage cells were seeded into

sequences used for quantitative real-time PCR analysis are as

96-well culture plate with the density of 5×103 per well and
were treated with osthole for 24 h. A 100 µL/well MTT
(1 mg mLG1, dissolved in PBS solution) was added into the
96-well plates. After 4 h incubation at 37EC, 100 µL DMSO was
also added. One hour later, the absorbance was determined
using a multiplate reader at a wavelength of 570 nm.

follows:
C

TNF-"-forward CTTCTGTCTACTGAACTTCGGG

C

TNF-"-reverse CAGGCTTGTCACTCGAATTTTG

C

IL-1$-forward ACGGACCCCAAAAGATGAAG

C

IL-1$-reverse TTCTCCACAGCCACAATGAG

C

IL-18-forward ATCGGCCTCTATTTGAAGATATGACT

NLRP3

C

IL-18-reverse CCTCTAGGCTGGCTATCTTTATACATACT

inflammasome activation assay was conducted as described
previously18. Raw 264.7 macrophage cells were seeded into
24-well culture plate. Osthole were added for 18 h followed by
LPS 100 ng mLG1 for 3 h to activate NF-κB signaling pathway.
Then, 1 mg mLG1 MSU were added for 3 h to activate NLRP3
inflammasome. The supernatant was collected to assay the
concentration of IL-1$ and IL-18.

C

IL-6-forward CAAAGCCAGAGTCCTTCAGAG

C

IL-6-reverse GTCCTTAGCCACTCCTTCTG

C

iNOS-forward GCAAACATCACATTCAGATCCC

C

iNOS-reverse TCAGCCTCATGGTAAACACG

C

COX2-forward CAAGGGAGTCTGGAACATTG

C

COX2-reverse -ACCCAGGTCCTCGCTTATGA

C

$-actin-forward ACCTTCTACAATGAGCTGCG

C

$-actin -reverse CTGGATGGCTACGTACATGG

NLRP3

inflammasome

activation

assay:

Western blot analysis: Raw 264.7 cells and synovial tissue
were collected after undergoing different treatments. Lysis
buffer containing protease cocktail inhibitors (Roche) was
added. The homogenate was centrifuged at 14000 g for
15 min at 4EC and the protein concentration determined
using BCA kit. Whole cell lysate (20 µg) was loaded onto 12.5%
SDS-PAGE. Electrophoresis was performed using a stacking gel
at 80 V for 20 min and a separating gel at 110 V for 70 min. The
proteins were transferred to PVDF membranes (Millipore, MA,
USA) using an electro-blotting apparatus (Bio-Rad, CA, USA) at
300 mA for 90 min. The membranes were blocked for 1 h in
TBST containing 0.1% Tween-20 and 5% dry milk and then
incubated overnight with primary antibodies. After washing
for 3 times in TBST, membrane was incubated for 2 h with
horseradish peroxidase-conjugated secondary antibodies. The
optical densities of the antibody-specific bands were analyzed
using a Luminescent Image Analyzer (Alpha, USA).

ELISA: ELISA kit (Dakewei, China) was utilized for a
quantitative measurement of inflammatory factors, such as
IL-1$, IL-18, TNF-" and IL-6, according to the manufacturerʼs
recommendations.
Determination of oxidative stress status: The macrophages
were initially cultured in 6 well plate and pre-treated with
100 and 200 µM osthole and cells were stimulated
with 1 mg mLG1 MSU crystals for 24 h. Antioxidant status of
RAW 264.7 macrophages was determined by estimating the
contents of MDA, SOD, CAT, GPx and GSH.
Determination of lysosomal enzymes: The macrophages
were initially cultured in 6 well plate and pretreated with
100 and 200 µM osthole and cells were stimulated with
1 mg mLG1 MSU crystals for 24 h. At the end of incubation,

Real-time PCR analysis: Total RNA was isolated from RAW

supernatants were collected and cells were washed with PBS

264.7 macrophage cells after pre-treatment with osthole at
100 or 200 µM for 18 h and then cells were stimulated with
1 mg mLG1 MSU or 100 ng mLG1 LPS for 3 h using the TRIzol
reagent according to the manufacturerʼs instructions. The
2 µg RNA was reverse transcribed by using the higher capacity
cDNA reverse transcription kit (Applied Biosystems, CA, USA)

and then lysed by adding ice cold lysis buffer. The cell lysate
were prepared by centrifugation at 12,000 g for 10 min at 4EC.
The cell free supernatant was stored at -80EC until its usage in
the assay. The activities of $-Galactosidase, N-acetyl-$-DGlucosaminidase, Cathepsin D and acid phosphatase were
measured according to reference19.
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30 mg kgG1 osthole decreased MSU-induced swelling (Fig. 1d).
In a word, osthole improved MSU-induced gouty arthritis
in vivo.

Statistical analysis: The experimental data were expressed as
Mean±SD of at least three independent experiments in cell
experiments. Statistical analysis was performed using One-way
analysis of variance (ANOVA) with the SPSS18.0 statistical
software. p-values less than 0.05 were considered statistically
significant.

Osthole inhibits MSU-induced NLRP3 inflammasome in
gouty arthritis: It has been reported that inflammation is
involved in MSU-induced gouty arthritis. Inflammatory factors
in serum were measured. As shown in Fig. 2a, 3 mg MSU
enhanced IL-1$, IL-18, TNF-" and IL-6 and osthole significantly
decreased the contents of IL-1$, IL-18, TNF-" and IL-6. IL-1$
and IL-18 is generated by NLRP3 inflammasome, the proteins
involved in NLRP3 in synovial tissue were further detected. As
described in Fig. 2b, the western blot analysis clearly showed
that osthole inhibits NLRP3 inflammasome by inhibiting the
MSU-induced NLRP3, ASC, cleaved-caspase-1. Moreover,
osthole decreased COX2 expression. Therefore, the protection
of osthole in arthritis may be associated with inflammatory
inhibition.

RESULTS
Osthole alleviates MSU-induced gouty arthritis: To evaluate
the effect of osthole on MSU-induced gouty arthritis in vivo,
the MSU gouty arthritis in SD rats were employed. The
structural formula of osthole was given in Fig. 1a. Different
concentrations of osthole were administrated into rat on the
1st day, 3 mg MSU was dissolved into PBS and injected into
ankle joint. The morphology of ankle at 24 h after MSU
injected were exhibited in Fig. 1b. Joint swelling was observed
obviously in MSU and osthole pre-treatment suppress the
swelling. The ankle swelling were recorded using a paw
volume meter (FIg. 1c). The MSU triggered the maximal
swelling at 12 h, 20 and 40 mg kgG1 osthole alleviated the
volume of swelling. In addition, MSU injection induced a
significantly increase in the width of the knee joint. About

Osthole decreased IL-1$ and IL-18 secretion in LPS and MSU
stimulated Raw264.7 cells: Raw 264.7 macrophagy cells were
applied to discover the concrete mechanisms of osthole. The
cytotoxicity of osthole to Raw 264.7 cells were measured by

(b)
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MSU 3 mg

MSU 3 mg
Osthole 40 mg kgG1

MSU 3 mg
Osthole 20 mg kgG1
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O

O

Normal
MSU 3 mg
MSU 3mg+Osthole 20 mg kgG1
MSU 3mg+Osthole 40 mg kgG1

(c)

* *
0.6

*

*

#

#

*
#

#

#

#

0.2

(d)

4

*
# #

0.4

5

Erosion score

Ankle swelling (mL)

0.8

O

3
#
2
1

0.0
0 2 4

8

12

24

48

0
MSU 3 mg
1

Osthole (mg kgG )

+

+

+

-

20

40

Fig. 1(a-d): Osthole alleviates MSU-induced gouty arthritis, (a) Structure of osthole, (b) Ankle joints swelling in each group. Normal was
rats without any treatment. MSU group was 3 mg MSU-induced arthritis rats. Osthole groups were oral administration with
osthole at a dose of 20 and 40 mg kgG1, respectively, (c) Volume of ankle swelling in each group and (d) Ankle caliper diameter
of each group were measured at 24 h after MSU stimulated
*p<0.01: Compared with normal group, #p<0.05: Compared with MSU group, values are the Mean±SD
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(b)

MSU (3 mg)
Osthole (mg kgG1)

400
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1
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Fig. 2(a-b): Effect of osthole on NLRP3 inflammasome in MSU-induced arthritis, (a) Concentrations of IL-1$, IL-18, TNF-" and IL-6
in serum in each group and (b) Rats were oral administrated with 20 and 40 mg kgG1 osthole, the ankle of rat was
administrated with 3 mg MSU dissolved into PBS. After 48 h, rats were sacrificed and the expression of NLRP3, ASC,
pro-caspase-1, cleaved-caspase-1 and COX-2 in synovial tissue were detected by western blot in different groups. $-actin
acted as an internal reference
**p<0.01: compared with normal group, #p<0.05: compared with MSU group, values are the Mean±SD
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Fig. 3(a-d): Osthole decreased IL-1$ and IL-18 secretion in LPS and MSU stimulated Raw264.7 cells, (a) Raw 264.7 macrophage cells were
treated with different concentrations of osthole for 24 h, MTT assay was performed as described in materials and methods,
(b) Raw 264.7 macrophage cells were treated with different concentrations of osthole and MSU (1 mg mLG1) for 24 h. MTT assay
was performed and (c-d) Raw 264.7 macrophage cells were treated with 200 µM osthole for 18 h and 100 ng mLG1 LPS for
3 h followed by MSU (1 mg mLG1) for 3 h. Supernatant were collected to measure the level of IL-1$ and IL-18
*p<0.05, **p<0.01: compared with control group, #p<0.05: compared with LPS+MSU group, values are the Mean±SD

MTT assay. As described in Fig. 3a, osthole treatment for 24 h
did not effect cell viability, which indicated that concentration
of osthole below 200 µM was not toxic to Raw 264.7. Whatʼs

more, cell viability was also not significantly changed by
MSU at the concentration of 1 mg mLG1. The combination of
MSU and osthole has no effect on cell survival (Fig. 3b). Classic
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NLRP3 inflammasome model was performed to detect the
effect of osthole on MSU stimulated NLRP3 inflammasome.
Raw 264.7 cells were treated with osthole (200 µM) for 18 h
prior to the stimulation of LPS for 3 h followed by MSU for 3 h.
The IL-1$ and IL-18 in supernatant were examined. As shown
in Fig. 3c and d, IL-1$ and IL-18 were significantly increased
after LPS and MSU treatment. Osthole can significantly down
regulate IL-1$ and IL-18 level. The results showed that osthole
inhibit LPS and MSU stimulated NLRP3 inflammasome in
Raw264.7 macrophage cells.

The effect of osthole on LPS stimulated inflammation was
further evaluated. Raw 264.7 cells were treated with osthole
for 18 h followed by 100 ng mLG1 LPS for 6 h. As depicted in
Fig. 4b, LPS treatment produced higher levels of inflammatory
factors than MSU treatment alone. osthole can significantly
decrease LPS induced inflammatory factors. In addition, the
NF-κB signal was further detected. The MSU treatment for
24 h can activate p-p65, an indicator of activated NF-κB signal
and osthole down regulated p-p65 (Fig. 4c) as an activator of
NF-κB signal, LPS treatment for 6 h can significantly induce
p-p65 and osthole can also suppress LPS stimulated p-p65
(Fig. 4d). Thus, present results demonstrated that osthole may
suppress NF-κB signal in MSU treatment alone and LPS
treatment alone.

Osthole decreased inflammatory factors and NF-κB signal
in MSU and LPS stimulated Raw264.7 cells: Due to MSU
stimulation alone can promote the generation of IL-1$ and
osthole can suppress MSU stimulated IL-1$,the effect of
osthole on NF-κB signal was further investigated. The MSU is

Ostholec effectively ameliorates MSU-induced oxidative

not the activator of TLR4, Raw264.7 cells were added MSU for

stress and decreases the release of lysosomal acid

24 h, the transcription level of IL-1$, IL-18, TNF-", IL-6, iNOS

hydrolases in RAW 264.7 macrophage cells: In order to assess

and COX-2 were detected using real time PCR. As shown in

the effect of osthole on oxidative stress in MSU-stimulated

Fig. 4a, MSU alone can promote inflammatory factors

macrophages, cell treated with 100 and 200 µM osthole and

transcription and 200 µM osthole can significantly decrease

MSU (1 mg mLG1) for 24 h. The contents of MDA, SOD, CAT,

the mRNA level of IL-1$, IL-18, TNF-", IL-6, iNOS and COX-2.

GPx and GSH were measured. As shown in Fig. 5a, MDA, the
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Fig. 4(a-d): Osthole decreased inflammatory factors and NF-κB signal in MSU and LPS stimulated Raw 264.7 cells, (a) Raw 264.7
macrophage cells were treated with osthole (100, 200 µM) and MSU (1 mg mLG1) for 24 h. The relative mRNA
expression of IL-1$, IL-18, TNF-", IL-6, iNOS and COX-2 were detected using real time PCR, (b) Raw 264.7 macrophage
cells were treated with osthole (100, 200 µM) for 18 h and LPS (100 ng mLG1) for 6 h. The relative mRNA expression
of IL-1$, IL-18, TNF-", IL-6, iNOS and COX-2 were detected using real time PCR, (c) Effect of osthole on the expression
of p-p65 and p65 in RAW 264.7 cells induced by 1 mg mLG1 MSU for 24 h. Expression of $-actin acted as an internal
reference and (d) Effect of osthole on the expression of p-p65 and p65 in RAW 264.7 cells induced by 100 ng mLG1
LPS for 6 h. Expression of $-actin acted as an internal reference
**p<0.01: compared with control group, #p<0.05: compared with MSU or LPS group, values are the Mean±SD
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Fig. 5(a-b): Effect of osthole on MSU-induced oxidative stress and release of lysosomal acid hydrolases in RAW 264.7 macrophage cells,
(a) Raw 264.7 macrophage cells were treated with osthole and MSU (1 mg mLG1) for 24 h. The content of MDA, SOD, CAT,
GPx and GSH were measured and (b) Raw 264.7 macrophage cells were treated with osthole and MSU (1 mg mLG1) for 24 h,
the cellular content and the secreted activities of $-Galactosidase, N-acetyl-$-D-Glucosaminidase, Cathepsin D and Acid
phosphatase were further detected
*p<0.05, **p<0.01: compared with normal group, #p<0.05: compared with MSU group. Values are the Mean±SD

byproduct of lipid oxidation, was significantly increased in

effects of NSAIDs may cause acute renal failure and

MSU stimulated Raw 264.7 cells, the antioxidative enzyme

gastrointestinal bleeding. As part of supplements and

including SOD, CAT and GPx were reduced in MSU treated

alternative medicine, traditional Chinese medicine have also

cells. As an endogenous antioxidant, GSH also down regulated

been used to treat gout.

in MSU treatment group. Although, 100 µM ostholeh as a

The present results suggest that osthole can alleviate

tendency to ameliorate oxidative stress, 200 µM osthole

MSU-induced arthritis and improve ankle swelling. The

significantly decreased MDA content, enhanced the level of

inflammatory factors in serum were decreased and osthole

SOD, CAT, GPx and GSH against MSU stimulation. To

decreased NLRP3, ASC, cleaved caspase-1 and COX-2

investigate the effect of osthole on lysosomal enzyme

expression in synovial tissue. Due to the NLRP3 inflammasome

activities, cell free supernatant and cell lysate were applied to

is always activated in macrophage under inflammatory

assess lysosomal enzyme activity. As depicted in Fig. 5b, the

circumstance, the cell viability of osthole in MSU-stimulated

increased lysosomal enzyme activities in cell and supernatant

Raw264.7 cells were further detected. The classic NLRP3

were observed in MSU treated Raw 264.7 cells and osthole can

inflammasome using LPS and MSU were further measured and

significantly decrease the level of lysosomal enzyme activities

osthole can decrease NLRP3 mediated IL-1 and IL-18. In order

in cell and supernatant.

to assess whether osthole effect the first signal or the second
signal in NLRP3 inflammasome activation. Inflammatory
factors such as IL-1$, IL-18, TNF-", IL-6, iNOS and COX-2 mRNA

DISCUSSION

and phosphated p65 in first signal were measured under LPS
Nonsteroidal anti-inflammatory drugs (NSAIDs) is the

and MSU circumstance respectively. For second signal,

first-line systemic treatment in gouty arthritis. While the side

oxidative stress markers including MDA, SOD, CAT, GPx and
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GSH levels were also assessed under MSU stimuli. Considering
MSU damaged lysosome, the contents of lysosomal acid
hydrolases were further detected. The total enzyme activities
between cell lysate and supernatant was increased in MSU
stimulated Raw 264.7 and osthole down regulated lysosomal
enzymes in cell lysate and supernatant. In a word, osthole
can block signal 1 and signal 2 simultaneously in NLRP3
inflammasome to attenuate arthritis.
When the body suffered microbial infection (pathogen
associated molecular patterns, PAMPs) or damage signals
stimulation (danger-associated molecular patterns, DAMPs),
it will start the congenital immunity via pattern recognition
receptors on the surface or induction system to promote the
type I interferons (IFN" and IFN$) or inflammatory cytokines
such as IL-1$, IL-18 and IL-33 release. The classic NLRP3
inflammasome activation is activated by a combination of
two signals. The first signal activates TLR4 (toll like receptor 4)
signaling pathway and promotes the generation of precursors
such as IL-1 and IL-18 mediated by the nuclear transcription
factor (NF-κB). The second signal promotes the assembly of
NLRP3/ASC/pro-caspase-1 and pro-caspase-1 was cut into an
activated form by itself, the activated caspase-1 cut IL-1 and
IL-18 precursors to secret into the extracellular matrix20.
The Non-classical NLRP3 inflammasome activation is
TLR4-independence. The inflammatory death of the cell,
namely pyroptosis, is mediated by caspase-11, caspase-4
or caspase-5 to release and identify pathogenic
microorganisms21,22. Thus, the markers of NLRP3 and the
activation of NF-κB was measured in vivo and in vitro.
There are some endogenous physiological substances
can regulate NLRP3 inflammation. Dopamine23, Omega-3
fatty acids24, $-Hydroxybutyric acid25 and nitric oxide26
inhibited the activation of NLRP3 inflammasome. The serum
amyloid A (A$)27 uric acid crystallization2, saturated fatty acid28
and cholesterolcrystals29 promotes the NLRP3 inflammasome
activation. Mitochondria are the main sources of ROS and are
involved in the regulation of NLRP3 inflammasome. However,
it's controversial for ROS in NLRP3 inflammasome. On the one
hand, it is believed that ROS mediated NLRP3 inflammasome
activation30,31. On the other, ROS just promotes NLRP3
prinming32. In addition, MSU crystal-induced arthritis is
involved in oxidative stress33. The MSU crystals induce the
released Reactive Oxidative Stress (ROS) and reactive nitrogen
species (RNS) to alter the cellular oxidative state of the
endoplasmic reticulum34. Natural enzyme system exists in the
body to remove oxygen free radical, such as superoxide
dismutase (SOD), Nitric Oxide Synthase (NOS), catalase (CAT)
and glutathione peroxidase (GSH-Px). The SOD is a specific
super oxygen anion free radical scavenger, CAT and GSH-Px
clear the precursor of oxygen free radicals and lipid peroxide.

The SOD indirectly reflect the clearance of oxygen free
radicals. As the product of lipid peroxidation,
malondialdehyde (MDA) levels can represent lipid peroxide
level, which can reflect the generation of free radicals and can
also reflect the extent of body injury. Therefore, it detected the
response of osthole to oxidative stress.
In addition, the stimulation of silica, alum or $-amyloid,
the phagocytic cells are unstable and lysosomal protease B is
released into the cytoplasm, which can induce NLRP3
activation. In addition, the crystal or special molecules in
endosome may directly damage the lysosome membrane,
which lead to engulfed particles diffuse into the cytoplasm
and interact with proteins involved in NLRP3 activation35,36.
The use of inhibitors of cathepsins can block the activation of
NLRP3 inflammasome and the maturity of pro-IL-1$37. Burst
release of Ca2+ from lysosome can activate Ca2+-CAMK II-TAK1JNK pathway, which promotes the ASC oligomerization
mediated NLRP3 inflammasome activation38. Thus, lysosomal
function was further measured.
Current findings highlight that osthole inhibit NLRP3
inflammasome in arthritis and provide a new mechanism for
its anti-inflammation. However, further studies need to be
conducted to clarify the detailed inhibition of osthole in
lysosomal maturation. These results collectively suggest that
osthole can be an effective candidate compound for the
treatment of arthritis.
CONCLUSION
This study demonstrated that osthole exerts protective
effect on MSU-induced arthritis through the inhibition of
NLRP3 inflammasome. This is mainly caused by the inhibition
of phosphated NF-κB, the inhibition of oxidative stress and
lysosomal protection. Current findings enrich the current
knowledge on osthole and osthole can be the potential
natural resource to prevent inflammation in MSU-induced
arthritis.
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