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Purpose: Our recent reports have revealed that inhibiting NLRP3 activation reduces 
synovial inflammation and fibrosis in knee osteoarthritis (KOA). Synovial inflammation is 
involved the entire process of KOA and promotes the progression of KOA. Natural flavonoid 
Chrysin from Scutellariae Radix, a traditional Chinese medicine, exhibits multifarious 
biological activities and potentially has protective activity against osteoarthritis. However, 
the mechanism of Chrysin in the treatment of synovial inflammation remains elusive. The 
purpose of our research was to explore the anti-inflammatory effects of Chrysin on KOA, 
which was induced by monoiodoacetic acid (MIA) in rats by targeting the NLRP3 inflam-
masome in the hopes of identifying an effective drug to treat KOA.
Methods: The MIA-induced KOA model was used to evaluate the cold pain threshold and paw 
withdrawal threshold (PWT) of joints after MIA (40 mg/mL) injection into the knee joints. 
Microscopically, we used LPS (5 ug/mL) and ATP (4 mmol/L) to stimulate fibroblast-like 
synovial cells (FLSs) to explore the underlying mechanisms and effects of Chrysin. Two staining 
methods, H&E and Sirius Red, were applied to assess histopathological changes in synovial 
membranes. Cellular signal transduction was determined by qRT-PCR and WB. Cytokine 
expression (inflammatory cytokines and pain-related cytokines) was detected by ELISA. The 
degree of chronic inflammatory pain was evaluated by c-Fos immunofluorescence.
Results: The results showed that Chrysin not only attenuated synovial inflammation but also 
reduced the secretion of pain-related factors and increased the PWT and cold pain threshold 
in rats. Chrysin also inhibited NLRP3 inflammasome activation and increased IL-1β levels to 
alleviate the synovitis.
Conclusion: Chrysin can relieve knee synovial inflammation and improve pain behavior in 
KOA rats, which may be related to the ability of Chrysin to inhibit NLRP3 inflammasome 
activation. Therefore, Chrysin may be developed as a new drug for the treatment of KOA.
Keywords: KOA, Chrysin, synovitis, pain, NLRP3 inflammasome

Introduction
KOA is a chronic inflammatory condition with persistent painful arthritis that can 
lead to decompensation and severe disability and represents a significant strain on 
the health system and social economy. In addition, rates continue to increase due to 
many causes, such as obesity, femaleness, aging, diet, and joint damage.1 

Incomplete statistics show that 250 million people worldwide are currently 
affected.2 Treatments, including pain relief or joint replacement, are not curative, 
but neither method exhibits potentially harmful side effects. Synovitis is a typical 
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pathological change of osteoarthritis, and no specific drugs 
effectively treat osteoarthritis.3,4 Although the cause of 
KOA remains unclear, inflammation exhibits an important 
correlation in the pathogenesis of osteoarthritis.5 Joint 
inflammation directly leads to the onset of pain in KOA, 
exacerbates cartilage damage, and may lead to continued 
sensitization of pain, which eventually evolves into 
chronic pain.6,7

The NLRP3 inflammasome is involved in the pathogenesis 
of many forms of arthritis.8 NLRP3 inflammasomes are 
assembled by the formation of a macromolecular 
complex via the recruitment of ASC and the serine protease 
caspase-1.9,10 Subsequently, activated caspase-1 further leads 
to the release of two proinflammatory cytokines, IL-1β and 
IL-18, which leads to cartilage degeneration and synovial 
membrane inflammation.11,12

Chrysin is a natural flavonoid that is present in many 
herbal plant extracts, honey and propolis.13,14 It is also the 
main ingredient of Scutellariae Radix,15 which is a kind of 
traditional Chinese medicine that is derived from natural 
products. It is cultivated in many areas of China and has 
been used to treat many diseases since ancient times. 
Recent papers have demonstrated that Chrysin exhibits 
a variety of bioactivities, including immunomodulatory,16 

anti-inflammatory,17,18 anti-oxidative stress,19,20 and neu-
roprotective effects.21 However, previous studies on 
Chrysin mostly focused on its effects on cartilage tissue 
for the treatment of cartilage dysfunction.17 Little is 
known about whether the treatment of Chrysin improves 
KOA inflammation via the synovium and FLSs. 
Furthermore, whether Chrysin affects FLSs by inhibiting 
NLRP3 inflammasome activation and Interleukin-1β 
secretion in KOA remains unknown. At this stage, our 
basic experiment investigated the potential therapeutic 
role of Chrysin in KOA, which may represent a new 
drug for clinical treatment.

Materials and Methods
Reagents
Chrysin (>98% purity) was obtained from Yuanye 
(Shanghai, China). Chrysin was dissolved in dimethylsulf-
oxide (<1‰ DMSO) and freshly diluted in culture media 
for all in vitro experiments. Monoiodoacetic acid, lipopo-
lysaccharide (LPS), type I collagenase and DMSO were all 
obtained from Sigma-Aldrich (Sigma, St.Louis, MO, USA). 
TRIzol, Dulbecco’s Modified Eagle Culture Medium 
(DMEM), Penicillin-Streptomycin mixture, fetal bovine 

serum (FBS) were purchased from Gibco (Rockville, 
USA). The primary antibodies for GAPDH, NLRP3, 
Caspase-1, Interleukin-18, Interleukin-1β and ASC were 
all purchased from Abcam (Cambridge, UK). Antibodies 
for c-Fos were purchased from Servicebio (Wuhan, China). 
Picro Sirius Red Stain kit and Goat anti-rabbit IgG H&L 
(HRP) were also supplied by Abcam (Cambridge, UK). In 
addition, 5×HiScript II qRt SuperMix and 2×ChamQ SYBR 
qPCR MsterMix (Low ROX Premixed) were obtained from 
Vazyme (Nanjing, China). The primers were supplied by 
Sangon Biotech (Shanghai, China). Caspase-1 Activity 
Assay Kit and Cell-Counting Kit-8 were obtained from 
Solarbio (Beijing, China). Enzyme-linked immunosorbent 
assays (ELISA) kits for Interleukin-1β and Interleukin-18 
were supplied by Invitrogen (Life Technologies Corp., 
California, USA). ELISA kits for CGRP and SP were 
supplied by Jin Yibai (Nanjing, China).

In vivo Animal Experimental Design
The rats’ experiments were ethically conducted and 
approved by the Institutional Animal Care and Use 
Committee of Nanjing University of Chinese Medicine 
(Application number: 201905A002) and were conducted 
in accordance with the National Institutes of Health Guide 
for the Care and Use of Laboratory animals. Eight-week-old 
male Sprague Dawley (SD) rats (Nanjing Qinglong-shan 
Animal Farm, License number: SCXK-SU- 2017–0001) 
weighing 150–200 g were randomly divided into 3 groups: 
Normal group (n =10), MIA group (n =10), and MIA 
+Chrysin group (n =10). Rats were housed in an SPF- 
grade environment with controlled temperature and humid-
ity and free of specific pathogens. Rat food and water were 
available ad libitum. After one week of feeding, these rats 
were grouped and numbered. In the first 14 days, ten rats in 
the normal group were injected with 50 ul sterilized phy-
siologic saline, and the KOA model was constructed by 
MIA as previously mentioned, using both knees.22 From 
the 14th day, Chrysin (oscillated dissolved in 0.5% sodium 
carboxymethylcellulose (CMC) overnight) was adminis-
tered by intragastric administration. The normal group and 
the MIA group were administered 0.5% CMC as the con-
trol, and each rat in the MIA+Chrysin group was treated 
with a dose of 10 mg/kg Chrysin.23 The above three groups 
were given gavaged once a daily for 14 days. At day 28, we 
sacrificed the rats by intraperitoneal injection of 3% pento-
barbital sodium (100 mg/kg), and all animals were sacri-
ficed to harvest the synovial tissue, cartilage, dorsal root 
ganglion and plasma.
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Measurements of the PWT and Cold Pain 
Threshold
The PWT was measured at 0, 7, 14, 21, and 28 days. The 
modeling period was 0–14 days, and the administration 
period was 14–28 days. PWT measurements were performed 
as described previously.24 The simple procedure is described 
as follows: the calm rats were placed in a plexiglass cage 
(Institute of Biomedical Engineering, Chinese Academy of 
Medical Sciences, BME404). The electron needle stimulates 
the sole of the right hind foot, and its stimulation intensity 
gradually increases. The computer recorded the values if the 
rat exhibits rapid reactions, such as clawing, lifting 
and licking its feet. This process was repeated thrice with 
a 20-minute interval between each test to obtain an average 
value.

Rats were placed sequentially on a temperature-adjustable 
cold plate (0 ± 1°C, 35,150,001, Ugo Basil SLR, Italy), and 
calm rats were also covered with an organic cylinder.25 At this 
point, the operator immediately started timing. As time passed, 
the rats would quickly withdraw their paw, lick its paw, and 
stamp or jump because they could not tolerate the low tem-
perature, and the operator would immediately pause the timer 
and recorded the duration. Paw retraction due to the rat’s own 
activity halfway through the experiment was not recorded. 
During the five minutes between each test, the cold plate 
was cleaned. A total of three measurements were obtained, 
and the average was calculated.

Histological Analysis
After the administration of Chrysin, we collected all the 
knee joints of the rats and fixed a part of the knee joints 
with paraformaldehyde overnight (4%) followed by dec-
alcification (10% EDTA), paraffin embedding and sagittal 
sections (cut at approximately 5 μm). The degree of syno-
vitis was assessed by H&E staining. The conventional 
procedures for Sirius red staining were similar to those 
for H&E staining. After conventional treatment, the sec-
tions were dipped into the staining solution (including 
Picric Acid and Sirius Red) at room temperature for just 
one hour and rinsed gently under running water for 
approximately 10 minutes. The degree of synovitis histo-
logical observation was performed using a DMI3000B 
microscope (Leica, Germany) system.

The Method of Obtaining DRG
The spinal column was separated from the dorsal side of 
the rat, and then washed with prechilled PBS solution to 

remove contaminated blood. The spinal column was 
trimmed on ice. Under the Leica S6 D stereomicroscope, 
the spine was divided into two halves along the midline of 
the abdomen of the spine using ophthalmic scissors. The 
spinal cord was removed. The DRG was exposed, and the 
DRG was carefully removed with forceps. The connected 
nerve fibers were cut off and obtain the tissues of DRG.

Immunofluorescence Assay
The DRG samples were dissected and fixed with 4% paraf-
ormaldehyde. Then, DRG were placed in xylene for 15 min-
utes and anhydrous ethanol for 5 minutes. Next, BSA serum 
was added, and the sample was incubated for 30 minutes. 
Subsequently, the slices were incubated in primary antibody 
overnight in a wet box for 4°C followed by incubation for 
50 minutes at 4°C with secondary antibodies. Finally, the 
DRG c-Fos-immunostained sections were assessed using 
a confocal scanning microscope (Zeiss LSM 700).

In vitro Preparation and Stimulation of 
Primary Rat Fibroblast-Like Synoviocytes
First, synovial tissue was extracted, washed twice with PBS, 
cut into 1–2 mm2 pieces using scissors, and homogenized in 
basic medium. Then, 5 mL of 0.2% type I collagenase was 
added, and samples were incubated for 2 h at 37°C in a cell 
culture chamber containing 5% CO2. Collagenase disso-
ciated FLSs from synovial tissue. Then, FLSs were subject 
to filtration, centrifugation, precipitation, and resuspension. 
Then, 5–10 mL of complete culture medium containing 10% 
FBS and 1% penicillin-streptomycin solution were added to 
the culture flask. The medium should be replaced every 
other day and then every two days. After approximately 
one week, cells grew along the wall. To ensure good cellular 
activity, 3rd to 6th generation FLSs were used in the experi-
ment. Cell identification was performed as described in our 
previous research.26

We divided the experiment into three groups: Normal 
group, LPS group and LPS + Chrysin group. The treatment 
used the LPS + Chrysin group was summarized as follows. 
Synovial cells were digested from the culture flask and inocu-
lated in a 6-well plate for 24 h. On the next day, the complete 
culture medium was changed to serum-free medium. Finally, 
FLSs were treated with LPS (5 μg/mL) in PBS for 6 h, and ATP 
(4 mmol/L) was added for 2 h to stimulate the inflammatory 
response and activate the NLRP3 inflammasome. Then, the 
culture medium was changed, and Chrysin (5 ug/mL) was 
added for 24 h or 48 h in subsequent experiments.
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Cell Cytotoxicity Assays
The cytotoxic effects of Chrysin on FLSs were investigated 
using CCK-8 assays. Briefly, 8000 FLSs per well were 
cultured for 24 h in a 96-well plate and then treated with 
DMSO alone or Chrysin (1, 2, 2.5, 5, 10, 20, or 40 ug/mL) 
for 24 or 48 h, respectively. Then, 10 µL CCK-8 solution 
was added to each well, and the plates were placed in the 
incubator for 4 hours. The absorbance of each well was read 
on a microplate spectrophotometer (PE EnSpire) at 450 nm.

Caspase-1 Activity Detection
These steps were performed per the producer’s instructions. 
First, FLSs were lysed in 100 µL lysis buffer at 0°C for 
15 minutes. The Bradford method was applied to detect 
supernatant protein concentrations (1–3 μg/μL). Next, the 
optical density (OD) value was measured at 450 nm, and 
caspase-1 activity was obtained by generating a PNA stan-
dard curve.

Western Blot
The required total protein was isolated from synovial tissues 
and cultured FLSs. These samples were lysed for one hour 
with RIPA lysate containing 0.1% PMSF (phenylmethanesul 
fonylfluoride) in a box filled with ice. The lysates were spun 
in a centrifuge for 20 minutes at 4°C and 12,000 rpm, and 
clear supernatant was collected. A 10-ul aliquot of the super-
natant was used to prepare the standard curve with the 
bicinchoninic acid protein detection kit (Beyotime, 
Nanjing, China). Specifically, the absorption value at 
562 nm was used to determine the protein concentration. 
The remaining protein was added to 100 µL SDS-PAGE 
buffer (5X), and the protein was boiled at 99°C for 10 
minutes. Then, an SDS gel was prepared and SDS-PAGE 
was electrophoresed for 90 minutes to separate the protein 
bands. It took approximately 1 hour to transfer the protein 
from the gel to the PVDF membrane. Then, the membrane 
was blocked with 5% BSA in TBST buffer for 1 hour at room 
temperature and then washed thrice with TBST for 10 min-
utes each time. The membrane was incubated with the first 

antibody (1:1000) overnight in the cold storage. On the 
next day, the membrane was incubated in the second anti-
body (1:3000) for 1 h. Then, the PVDF membrane was 
washed thrice with TBST and exposed to 200 µL ECL 
solution. Finally, the overall gray value of protein bands 
was analyzed using ImageJ 7.04.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
First, total RNA was extracted from synovial tissue and FLS 
using Trizol solution, and the concentration and purity of RNA 
were measured using a spectrophotometer. The ratio of the OD 
value at 260/280 nm should be between 1.8 and 2.0. Next, 
a total of 20 µL of the reaction mixture (including 4 µL 
5×HiScript II qRT Super Mix) was subject to reverse tran-
scription of total RNA into stable CDNA under the following 
conditions: 50°C (15 min) and 85°C (5 s). The primer 
sequences were shown in Table 1. PCR reactions (per well: 
0.4 µL each of forward and reverse primers, 10 µL 2×ChamQ 
SYBR qPCR Master Mix (Low ROX Premixed), 1 µL 
CDNA, 8.2 µL ddH2O; 3 replicate wells) were performed 
using ABI 7500 qRT-PCR system (Applied Biosystems, 
USA). The following reaction conditions were employed: 
the first stage (pre-denaturation), 95°C for 30 s; the second 
stage (denaturation), 95°C for 10 s and 60°C for 30 s; the third 
stage (melting curve), 95°C for 15 s, 60°C for 60 s, and 95°C 
for 15 s. GAPDH was used as a housekeeping gene, and 
independent experiments were repeated at least thrice. 
Expression levels were calculated using the 2−ΔΔ CT data 
analysis method.

ELISA
We prepared cell supernatants and rat serum in advance for 
the experiment, allowing all reagents to reach room tem-
perature before use. Then, the ELISA procedure was per-
formed according to the manufacturer’s instructions. 
Optical density (OD) values were measured at 450 nm, 
and standard curves were plotted to calculate the levels of 
IL-1β, IL-18, CGRP and SP.

Table 1 Primers

Gene Forward Primer (5ʹ-3ʹ) Reverse Primer (5ʹ-3ʹ)

NLRP3 GAGCTGGACCTCAGTGACAATGC ACCAATGCGAGATCCTGACAACAC

Caspase-1 ATGGCCGACAAGGTCCTGAGG GTGACATGATCGCACAGGTCTCG

ASC AGAGTCTGGAGCTGTGGCTACTG ATGAGTGCTTGCCTGTGTTGGTC
IL-1β ACAGCAGCATCTCGACAAGAGC CCACGGGCAAGACATAGGTAGC

IL-18 TCTGTAGCTCCATGCTTTCCG GATCCTGGAGGTTGCAGAAGA
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Statistical Analysis
All experiments were performed independently at least 
thrice, and data were expressed as mean ± standard deviation 
(SD). Statistical analyses were performed with GraphPad 
Prism 7.04 Software (San Diego, CA, USA) and statistical 
significance was indicated by P-value <0.05. Comparisons 
between the three groups were conducted Student’s t-test, 
one-way ANOVA or two-way ANOVA.

Results
Chrysin Reduced MIA-Induced Synovitis 
in vivo
Chrysin is a natural flavonoid that is extracted from 
Scutellariae Radix (Figure 1A). First, rats in our experiment 
were divided into three groups. MIA (40 mg/mL) was used 
for modeling and intragastric administration, and a number 
of time intervals were used for measurements and sampling 
(Figure 1B). MIA-induced synovitis causes a series of patho-
logical changes in synovial tissues. Therefore, we performed 
H&E and Sirius Red Staining of the synovial sections to 
evaluate the therapeutic effect of Chrysin on synovitis. For 
H&E staining of MIA group samples, “A arrow” indicates 
inflammatory cell infiltration, “B arrow” indicates thickening 
of synovial lining, and “C arrow” indicates synovial 
fibrosis.27 However, in MIA+Chrysin group, “A arrow” 
indicates had less inflammatory cell infiltration, “B arrow” 
and “C arrow” indicate reduced hyperplasia and fibrosis, 
respectively. Moreover, type I collagen deposition was 
increased in the MIA group, while this tendency was reduced 
in the MIA + Chrysin group as assessed by Sirius Red 
staining (Figure 1C). Furthermore, through quantitative ana-
lysis of protein and genes, we found that compared with the 
normal group, IL-1β and IL-18 expression levels in synovial 
tissues of the MIA group exhibited a significant upward 
trend. This increasing change was significantly suppressed 
in the MIA + Chrysin group (Figure 1DF). Finally, we 
detected the secretion of inflammatory factors IL-1β and 
IL-18 in rat serum, and secretion was also inhibited by 
Chrysin (Figure 1G).

Chrysin Suppressed MIA-Induced NLRP3 
Inflammasome Activation in vivo
Next, we synthetically analyzed the effects of Chrysin on 
NLRP3, caspase-1 and ASC protein and mRNA expres-
sion levels in rat synovial tissue. The NLRP3 inflamma-
some is closely related to the pathogenesis of KOA, and 
NLRP3 inflammasome activation results in severe 

synovitis as previously described. Western blot confirmed 
that Chrysin significantly reduces increases in NLRP3, 
caspase-1 and ASC at the protein level (Figure 2AB). 
MIA modeling resulted in increased NLRP3, caspase-1 
and ASC mRNA expression in synovial tissue compared 
with the normal group, but Chrysin reverses this effect 
(Figure 2C).

Chrysin Alleviated Pain and Increased the 
Cold Pain Threshold (s) and PWT (g) in vivo
Subsequently, c-Fos expression in DRG was analyzed by 
immunofluorescence. After MIA injection, c-Fos protein 
expression in DRG was rapidly increased in neurons after 
harmful stimuli, such as inflammation and stress response. 
This increase was suppressed by Chrysin (Figure 3AB). 
We also observed that MIA-induced cold pain threshold 
and PWT, which are often used to assess peripheral pain 
sensitivity, were increased in KOA rats after treatment 
with Chrysin (Figure 3CD). Finally, we examined the 
effect of chrysin on CGRP and SP expression in rat 
serum. The results showed that Chrysin treatment drama-
tically reduced CGRP and SP expression (Figure 3E).

Chrysin Reduced Inflammatory Factors in 
LPS-Induced FLSs in vitro
To confirm whether Chrysin could inhibit NLRP3 inflam-
masome activation, FLSs were exposed to 5 ug/mL of LPS 
for 6 h. Then, ATP (4 mmol/L) was added for 2 h, and 
Chrysin was added for 24 h for subsequent experiments. 
The CCK-8 assay was initially performed to investigate the 
cytotoxicity of different Chrysin concentrations (1, 2, 2.5, 5, 
10, 20, and 40 ug/mL) in FLSs. No significant difference in 
cell viability was noted with Chrysin (0–5 ug/mL) treatment 
compared with controls, indicating that Chrysin does not 
induce cytotoxic effects in FLSs (Figure 4A). However, 
cytotoxic effects were observed with 10 ug/mL Chrysin. 
Therefore, Chrysin at 5 ug/mL was used in subsequent 
experiments. To determine the influence of Chrysin on the 
cytokine expression in the rat MIA model of osteoarthritis, 
IL-1β and IL-18 levels in FLSs were measured by WB 
(Figure 4BC) and qRT-PCR (Figure 4D). Compared with 
the Normal group, protein and mRNA expression of all 
detected cytokines in the LPS group were significantly 
upregulated (P<0.05). In contrast, the levels of all detected 
cytokines exhibited remarkable downregulation in the 
Chrysin-administered group (P<0.05). Moreover, ELISA 
results showed that the expression of the proinflammatory 
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Figure 1 Chrysin reduced MIA-induced synovitis. (A) The chemical structural formula of Chrysin. (B) Pattern diagram of the animal experimental grouping. (C) H&E (100×, 
scale bar=200 µm) and Sirius Red staining (400x, scale bar = 200 µm) were applied to assess histopathological changes in the synovial membrane. (D) and (E) MIA-induced 
inflammation-related proteins were detected by WB. (F) IL-1β and IL-18 mRNA expression in synovial tissue was detected by qRT-PCR. (G) ELISA was used to detect rat 
serum inflammatory factors. The statistical data of the three independent experiments are expressed as the mean ± SD, and significant differences among the groups are 
shown as * P < 0.05 vs the Normal group and #P < 0.05 vs the MIA group.
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factors IL-1β and IL-18 was reduced in the cell supernatant 
upon treatment with Chrysin (Figure 4E).

Chrysin Suppressed NLRP3 
Inflammasome Activation in vitro
Finally, we further explored the basic anti-inflammatory 
mechanisms of Chrysin at the cellular level. Western blot 
(Figure 5AB) and qRT-PCR (Figure 5C) were used to inves-
tigate the effect of Chrysin on LPS-induced NLRP3 activa-
tion. As shown in the images, compared with the normal 
group, LPS promoted NLRP3, caspase-1 and ASC mRNA 
expression; however, Chrysin suppressed this effect. 
Moreover, protein expression was consistent with qRT- 
PCR results. Caspase-1 promoted NLRP3 inflammasome 
activation, which subsequently triggered downstream gene 
changes. Therefore, we further detected caspase-1 enzyme 
activity in each group. We found that LPS promoted the 
increase of caspase-1, whereas Chrysin inhibited this upre-
gulation (Figure 5D).

Discussion
Osteoarthritis is highly prevalent in the United States and 
globally. It is the main cause of disability and it can negatively 

affect people’s physical and mental health.1 Osteoarthritis is 
a disease of the whole joint that involves structural changes in 
articular cartilage, subchondral bone, ligaments, joint capsules, 
synovium, and muscles around the joints.2 These effects are 
directly related to clinical symptoms, such as joint swelling, 
synovitis, and inflammatory pain. Osteoarthritis is a complex 
pathological process involving multiple pathological path-
ways, but its etiology is unknown. Synovitis is one of the 
driving factors of the pathogenesis of KOA, which is derived 
from inflammatory cells infiltration of the lubricating mem-
brane followed by synovial hyperplasia. The proliferating 
synovial membrane then produces a large number of pro- 
inflammatory cytokines, chemokines and proteases, which 
invade and destroy cartilage tissue. It is particularly worth 
mentioning that FLSs are central effectors in the development 
of synovitis.28 Steroids and nonsteroidal anti-inflammatory 
drugs are widely used in the anti-inflammatory and analgesic 
treatment of KOA. However, the side effects of these drugs are 
obvious. In recent years, an increasing number of natural 
compounds have gradually attracted attention due to their 
obvious anti-inflammatory effects and reduced side effects. 
Chrysin is an active ingredient extracted from the herb 
Scutellariae Radix that has various therapeutic effects, includ-
ing immunomodulatory, anti-inflammatory, anti-oxidative 

Figure 2 Chrysin suppressed MIA-induced NLRP3 inflammasome activation in vivo. (A and B) Western blot was performed to detect NLRP3, caspase1 and ASC protein 
expression in the groups. Chrysin exerted an inhibitory effect. (C) QRT-PCR was performed to detect NLRP3, caspase1 and ASC mRNA expression in the groups. Chrysin 
exerted an inhibitory effect. Statistical data of the three independent experiments are expressed as the mean ± SD, and significant differences among the groups are shown as 
* P < 0.05 vs the Normal group and #P < 0.05 vs the MIA group.
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Figure 3 Chrysin Alleviated Pain and Increased the Cold Pain Threshold (s) and PWT (g) in Vivo. (A) and (B) c-Fos immunofluorescence was increased in the DRG of MIA- 
treated rats, compared to the Normal group, 200x, Scale bar=200 μm. (C) and (D) PWT and cold pain threshold of each group. (E) CGRP and SP levels in rat serum were 
detected by ELISA. The statistical data of the three independent experiments are expressed as the mean ± SD, and significant differences among the groups are shown as 
*P < 0.05 vs the Normal group and #P < 0.05 vs the MIA group.
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stress and neuroprotective effects. Research in recent years 
has demonstrated that Chrysin has a wide range of 
anti-inflammatory effects. Chrysin improves allergic 
inflammation;29 inhibits ocular inflammation;16 reduces 
arthritis,17,18 specific dermatitis,30 colitis,31 and LPS-induced 
inflammation;32,33 and reduces kidney,34 myocardium,35 and 
brain damage36 caused by inflammation. Therefore, Chrysin, 
as a widely used anti-inflammatory drug, has the potential to 
reduce osteoarthritis. The active ingredient Chrysin is extracted 
from plants, so the future application of chrysin may serve as 

an inexpensive drug with increased efficacy and reduced side 
effects. Although studies have shown that Chrysin inhibits the 
development of human osteoarthritis through the NF-κB path-
way and reduces the expression of IL-1β-induced inflamma-
tory mediators,17 this is the first study of the anti-inflammatory 
mechanism of Chrysin on the synovium and NLRP3 inflam-
masome. Our research shows that Chrysin not only has 
a positive anti-inflammatory effect but also can reduce inflam-
matory pain, and has the potential to be developed as a novel 
OA drug.

Figure 4 Chrysin reduced inflammatory factors of LPS-induced FLSs in vitro. (A) The CCK-8 assay was performed to investigate the cytotoxicity of different concentrations 
(1, 2, 2.5, 5, 10, 20, and 40 ug/mL) of Chrysin on FLSs. (B) and (C) Inflammation-related proteins and quantification analysis: IL-1β and IL-18 were determined by Western 
blot. (D) Genes of LPS-induced inflammatory factors were suppressed by Chrysin treatment. QRT-PCR was applied to evaluate the expression of inflammation-related 
genes. (E) Levels of inflammatory factor (IL-1β and IL-18) in the FLSs supernatant were detected by ELISA. Statistical data of the three independent experiments are 
expressed as the mean ± SD, and significant differences among the groups are shown as *P < 0.05 vs the Normal group and #P < 0.05 vs the LPS group.
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In the past decade, the role of the NLRP3 inflammasome 
in inflammation has attracted attention, and numerous stu-
dies have been performed on uncontrolled infection, auto-
immune diseases, neurodegenerative diseases, various 
autoimmune and autoinflammatory diseases, including 
metabolic disorders.37 The NLRP3 inflammasome is clo-
sely related to the pathogenesis of KOA and is involved in 
the cartilage destruction and synovitis of KOA.9 Two sig-
naling models of NLRP3 activation are known, including 
the activation signal at the transcription level of the first step 
and the activation signal of the second step. Ultimately, 
NLRP3, ASC, and caspase 1 combine to form the inflam-
masome. Pro-caspase-1 is converted to caspase-1, which 
converts pro-IL-1β and pro-IL-18 into mature active forms 
(IL-1β and IL-18).8 It has been found in the research of joint 
diseases that caspase-1 is one of the risk factors for osteoar-
thritis and accelerated cartilage destruction.38

In this work, our team sought to investigate the anti- 
inflammatory mechanism of Chrysin in vitro and in vivo 
by targeting the NLRP3 inflammasome. First, CCK-8 was 
performed to investigate the effect of Chrysin at different 

concentrations on the cytotoxicity of FLS, and 5 ug/mL 
Chrysin exhibited no cytotoxicity. Next, compared with 
the normal group, mRNA and protein expression levels 
of caspase1, NLRP3 and ASC in KOA synovial tissues 
and FLSs were significantly upregulated; however, 
Chrysin reversed this trend. Besides, the KOA+Chrysin 
group exhibited downregulation of Caspase-1 activity 
compared with the KOA group. The evidence above sug-
gests that Chrysin inhibited NLRP3 inflammasome activa-
tion in the synovial membrane of KOA.

Researchers have discovered that in the early stage of 
KOA, targeting synovitis can delay or prevent knee carti-
lage damage and osteophyte formation. Synovial fibro-
blasts in synovial tissues are effector cells of synovitis 
and are specific resident cells in body tissues and organs. 
Their main function is to maintain extracellular matrix 
(ECM) during wound healing and promote recovery and 
health.28 IL-1β and IL-18 are two key inflammatory fac-
tors that are considered to be involved in the pathogenesis 
of KOA. Anti-inflammatory studies on IL-1β are exten-
sive, and it can independently induce inflammatory 

Figure 5 Chrysin suppressed NLRP3 inflammasome activation in vitro. Secreted protein (A and B) or mRNA (C) levels of NLRP3, caspase1 and ASC in FLSs. (D) Caspase-1 
activity detection. The statistical data of the three independent experiments are expressed as the mean ± SD, and significant differences among the groups are shown as 
*P < 0.05 vs the Normal group and #P < 0.05 vs the LPS group.
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responses and catabolic effects that are related to a variety 
of signaling mechanisms. For example, IL-1β blocks the 
synthesis of ECM by chondrocytes and interferes with the 
synthesis of type II collagen and proteoglycans.28 IL-18 
directly affects synovial cells and chondrocytes of the 
joints and increases the production of a series of cytokines 
and enzymes, such as PGE2 and IL-6, through autocrine 
pathways.39 In this paper, we reported that the administra-
tion of Chrysin effectively reduces IL-1β and IL-18 levels 
in the rat serum or supernatant of FLSs. H&E and Sirius 
Red staining demonstrated that the KOA+Chrysin group 
exhibits reduced synovial inflammation compared with the 
KOA group. This finding is consistent with previous 
literature.17

Pain sensations can be divided into acute and chronic 
pain, as well as peripheral and central pain, and different 
types of pain are attributed to different etiological mechan-
isms, including inflammation and neuropathological 
mechanisms. The PWT or cold pain threshold is often used 
to directly assess the surrounding hyperalgesia. Usually, 
experimental research traditionally focuses on the dorsal 
root ganglia (DRG) to explore the mechanisms of inflamma-
tion-related pain. The DRG is located in the lumbar spine 3, 
4, 5 and can be divided into three different types. Among 
these types, the second type of small neurons with axon 
terminals contains substance P (SP) and calcitonin gene- 
related peptide (CGRP), which are two neuropeptides 
related to pain. As we all know, CGRP is highly related to 
hyperalgesia, and high levels of CGRP are often considered 
to be related to inflammation-related pain.40 In this paper, 
the reason why we chose the MIA model is that the MIA 
model is particularly relevant to OA-related pain, accompa-
nied by hyperalgesia and allodynia in the major and minor 
parts of the rat, which has the advantages of simple induc-
tion, noninvasiveness, induce inflammation, easy formation 
of joint pain, and similar to pathology and pain changes in 
human osteoarthritis. In addition, the KOA+Chrysin group 
showed an increase in the cold pain threshold and PWT 
compared with the Normal group. Finally, we observed 
a decrease in serum CGRP and SP in KOA rats. Moreover, 
the c-Fos expression has become an important research tool 
in studies the basis of nociceptive sensory nerves. In this 
paper, we performed c-Fos immunofluorescence staining on 
the dorsal root ganglia. The staining results revealed 
a correlation between glial cell activation and chronic 
inflammatory pain.

Researches confirmed that the studies of NLRP3-mediated 
chronic aseptic inflammation are becoming increasingly 

popular, and evidence of NLRP3 activation has also been 
found in KOA.41 The downstream IL-1β and IL-18 have 
been highly correlated with OA pain. Our research have 
indicated that NLRP3 may be the effect target of Chrysin, 
which can effectively attenuate the NLRP3 inflammasome 
cascade, which is consistent with the various anti- 
inflammatory effects of Chrysin confirmed by other scholars. 
In addition, Chrysin can significantly improve the pain beha-
vior of KOA rats and reduce the expression of pain-related 
factors, indicating that Chrysin may relieve KOA synovitis 
through the NLRP3 pathway, and the reduction of inflamma-
tion leads to pain relief.

Conclusions
In conclusion, the findings of our study indicate that Chrysin 
may represent an effective agent to treat the LPS-induced 
FLS inflammatory environment in vitro and MIA-induced 
synovitis in vivo. Inhibition of NLRP3 inflammasome acti-
vation appears to be the basic mechanism of action of 
Chrysin. However, some limitations have been identified in 
the current study. First, it is not clear how Chrysin affects 
other important factors in the NLRP3 signaling pathway, 
such as pro-IL-1β, pro-IL-18 and pro-caspase-1. Second, 
this study exclusively focused on the synovial membrane 
(without studying articular cartilage). We hope to address 
these limitations in future research.
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