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Oroxylin A attenuates IL-1f3-induced inflammatory reaction
via inhibiting the activation of the ERK and PI3K/AKT
signaling pathways in osteoarthritis chondrocytes
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Abstract. Osteoarthritis (OA) is characterized by degradation
of the articular cartilage, synovium inflammation, subchon-
dral bone sclerosis and osteophyte formation. OA is the most
common degenerative joint disorder among the elderly popula-
tion. In particular, currently available therapeutic strategies,
such as non-steroidal anti-inflammatory drugs (NSAIDs) may
cause severe side-effects. Therefore, novel candidate targets for
OA therapy are urgently needed. Oroxylin A (OrA) is a natural
mono-flavonoid that can be extracted from Scutellariae radix.
The present study aimed to investigate the potential effects of
OrA on interleukin (IL)-1B-induced chondrocytes inflamma-
tory reactions. The current study performed quantitative PCR,
western blotting and cell immunofluorescence to evaluate the
effect of Oroxylin A in chondrocyte inflammation. The results
demonstrated that OrA significantly attenuated the upregula-
tion of inducible nitric oxide synthase and cyclooxygenase 2
by IL-1p at both protein and mRNA levels. IL-1[3-stimulated
upregulation of matrix metalloproteinase (MMP)-3 and
MMP-13 expression, in addition to disintegrin and metal-
loproteinase with thrombospondin motifs (ADAMTS)-4
and ADAMTS-5 expression, were all inhibited by OrA.
Treatment with OrA significantly reversed the degradation
of type II collagen and aggrecan by IL-18. Mechanistically,
OrA suppressed the IL-1p induced activation of ERK1/2 and
PI3K/AKT signaling pathways. In conclusion, these findings
suggest that OrA can serve as a potential therapeutic agent for
the treatment of OA.
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Introduction

Osteoarthritis (OA) is the most common degenerative joint
disorder, which leads to chronic bone and muscle pain (1). OA
is characterized by degradation of articular cartilage, synovial
inflammation, subchondral bone sclerosis and osteophyte
formation (2,3). Current strategies for treating OA remain
limited and did not seem to improve the management of OA.
To date, application of nonsteroidal anti-inflammatory drugs
(NSAIDs) is the primary therapeutic approach for the treat-
ment of OA (4). However, side-effects, including peptic ulcers,
hemorrhage and perforations, frequently occur during the
therapeutic process (5,6). Therefore, the development of novel
agents for treating OA remain urgently sort after.

OA exhibits several risk factors (7), where the inflamma-
tory mediator interleukin (IL)-1p has been shown to serve
an important role in its pathogenesis (8). The adult articular
cartilage consists of the extracellular matrix (ECM) and chon-
drocytes (9). ECM provides the necessary tension and strength
to the articular cartilage (10). Under physiological conditions, a
subtle balance between ECM synthesis and degradation main-
tains the homeostasis of the cartilage (11). Previous studies
have suggested that IL-1f significantly stimulates chondro-
cytes to secrete matrix metalloproteinases (MMPs) (12,13)
and promotes the production of inflammatory mediators,
including prostaglandin E2 and nitric oxide (NO) (14). It has
been suggested that MMPs are responsible for the degradation
of ECM during the progression of OA (15). ECM is composed
of type II collagen, proteoglycans and aggrecan (16,17). In
previous studies, IL-1p has been reported to downregulate the
expression of type II collagen and aggrecan in vitro, thereby
leading to the degradation of articular cartilage (18,19).
Therefore, agents targeting the IL-1f3-induced inflamma-
tory response during the pathogenesis of OA can potentially
attenuate the progression of OA.

Oroxylin A (OrA) is a natural mono-flavonoid that can be
extracted from the herb Scutellariae radix (20). Accumulating
evidence has demonstrated that OrA exerts multiple phar-
macological effects, including anti-inflammatory (21,22),
anti-oxidative (23,24) and anti-tumorigenic (25,26) proper-
ties. Therefore, it has been extensively used to treat a variety
of diseases. The anti-inflammatory effects of OrA are mainly
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mediated by blocking the phosphorylation and subsequent acti-
vation of the PI3K/AKT signaling pathway (27). By contrast,
a previous study has also reported that OrA reduces lipopoly-
saccharide-induced inflammatory reactions by activating the
NF-«B signaling pathway (28). However, the comprehensive
role of OrA in OA progression remains poorly understood.

The present study aimed to perform western blotting,
gPCR and cell immunofluorescence to evaluate the protective
effect of OrA on IL-1B-induced chondrocyte inflammation
and its underlying mechanism.

Materials and methods

Reagents. OrA and the Cell Counting Kit (CCK)-8 were
purchased from MedChemExpress. Primary antibodies
against the unphosphorylated forms of PI3K (cat. no. 4255),
AKT (cat. no. 9272), ERK (cat. no. 4695), p38 (cat. no. 14451),
JNK (cat. no. 9252), p65 (cat. no. 8242), NF-«xB inhibitor a
(IxBa; cat. no. 4814), inducible nitric oxide synthase (iNOS;
cat. no. 39898), cyclooxygenase 2 (COX-2; cat. no. 12282)
and B-actin (cat. no. 3700), and the phosphorylated (p)
forms of AKT (cat. no. 13038), ERK (cat. no. 4370), p38
(cat. no. 9216), INK (cat. no. 9251), and p65 (cat. no. 3039)
were obtained from Cell Signaling Technology, Inc. Primary
antibodies against MMP3 (cat. no. 17873-1-AP) and MMP13
(cat. no. 18165-1-AP) were purchased from Proteintech
Group, Inc., whereas those against aggrecan, disintegrin and
metalloproteinase with thrombospondin motifs ADAMTS-4
(cat. no. ab185722), ADAMTS-5 (cat. no. ab41037) and type II
collagen (cat. no. ab188570) were from purchased from
Abcam. Secondary antibodies (anti-mouse cat. no. 7076 and
anti-rabbit cat. no. 7074) were obtained from Cell Signaling
Technology, Inc and diluted in secondary antibody diluent
(Beyotime Institute of Biotechnology; cat. no. P0258; 1:100).
DMEM/Ham's F12 medium (DMEM/F12) was obtained
from Hyclone, Cytiva. FBS was purchased from Gibco
(Thermo Fisher Scientific, Inc.) and recombinant rat IL-1$
(cat. no. 211-11B) was purchased from PeproTech, Inc.

Isolation and culture of primary chondrocytes. A total of 30
C57BL/6 mice (age, 2-3 days) were purchased from the Animal
Center of Chinese Academy of Sciences and were decapitated
before chondrocytes were isolated from their articular cartilage.
Briefly, the articular cartilages of each mouse were carefully
extracted under aseptic conditions and cut into ~1-2 mm? slices,
followed by washing with PBS three times at room temperature.
The pieces were then digested using with DMEM/F12 medium
supplemented with 0.1% collagenase II at 37°C in a humidified
atmosphere containing 5% CO, for 8 h. The cells were then
collected via centrifugation at 1,000 x g for 3 min at 25°C, washed
with PBS three times, plated into cell culture flasks in DMEM/F12
supplemented with 10% FBS, 100 U/ml penicillin and 100 mg/ml
streptomycin and incubated at 37°C in an atmosphere of 95%
air and 5% CO,. The medium was changed after 24 h and the
cells were harvested when 80-90% confluence was reached. Only
chondrocytes from passages 1-2 were used in the present study
to avoid the loss of phenotype. Light microscopy (upper panel
original magnification, x100; lower panel original magnification,
x200) was performed to observe the cell morphology of chondro-
cytes. Cells at passages 1-2 had a rounded or polygonal structure.

CCK-8 assay. The primary chondrocytes were plated at a
density of 8x10° cells/well into 96-well plates followed by
treatment with DMEM/F12 medium containing increasing
concentrations of OrA (0, 2, 4, 8, 16, 32, 64 and 128 uM)
at 37°C in a humidified atmosphere containing 5% CO, for
24 and 48 h. At the end of each time point, 10 ul CCK-8
solution was added into each well and the chondrocytes were
incubated further for an additional 4 h at 37°C in an atmosphere
with 95% air and 5% CO,. Absorbance was then measured at
450 nm using a Multiskan™ GO microplate reader (Thermo
Fisher Scientific, Inc.).

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). The primary chondrocytes were seeded into
six-well plates at a density of 5x10° cells/well. Once they
adhered to the plates, chondrocytes were pre-treated with
various concentrations of OrA (4, 8, and 16 uM) for 2 h before
being stimulated with or without IL-1f3 (10 ng/ml) at 37°C in a
5% CO, incubator for 24 h. Total RNA was extracted using a
TRIzol® reagent (Thermo Fisher Scientific, Inc.) according to
the manufacturer's protocol. Subsequently, a total of 1,000 ng
RNA was reverse transcribed into cDNA (PrimeScript™
Reverse Transcriptase kit; Takara Biotechnology Co., Ltd.)
using the following temperature protocol: 30°C for 10 min,
42°C for 30 min and 70°C for 15 min, after which the sample
was cooled on ice.

RT-qPCR was conducted using the SYBR green Master
Mix (Takara Biotechnology Co., Ltd.) and performed with
the ViiA™ 7 real-time PCR system (Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. The thermo-
cycling conditions of qPCR were as follows: 95°C for 10 min,
followed by 50 cycles of 95°C for 15 sec and 60°C for 1 min.
The cycle threshold (C,) of each sample was normalized to the
expression levels of B-actin. The 2-24°4 method was used to
assess the relative expression of various target genes (29). The
primer sequences of tumor necrosis factor-a (TNF-a), IL-6,
iNOS, MMP-3, MMP-13 and (3-actin are listed in Table I.

Immunofluorescence microscopy. Primary chondrocytes
(5x10* cells/ml) were seeded into a 12-well plate and were
then stimulated at 37°C in a humidified atmosphere containing
5% CO, for 48 h. Cells were fixed with 4% paraformaldehyde
for 30 min at 25°C and washed with PBS. Subsequently, the
cell slides were treated with 0.1% Triton X-100 for 10 min at
room temperature, blocked with 10% bovine serum albumin
for 1 h at 25°C and then incubated with primary antibodies
against COX-2 (dilution, 1:500), MMP3 (dilution, 1:500),
MMP13 (dilution, 1:500) or type II collagen (dilution, 1:200)
at 4°C overnight. The following day, cells were incubated with
fluorescein-conjugated goat anti-rabbit IgG antibody (Abcam;
cat. nos. ab150077 and ab150115) diluted in immunofluo-
rescence secondary antibody diluent (Beyotime Institute of
Biotechnology; cat. no. P0265; 1:100) for 1 h at room tempera-
ture in the dark. Subsequently, the cell nuclei were treated
with 0.05% DAPI (Beyotime Institute of Biotechnology;
cat. no. C1002) for an additional 5 min at room temperature
in the dark. All images were captured using a fluorescence
microscope (Olympus Corporation). Fluorescence intensity
was measured using Imagel] software (v. d1.47; National
Institutes of Health).
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Table I. Sequences of primers used in reverse transcription-quantitative PCR.

Gene Forward primer Reverse primer

TNF-a 5'-GGAACACGTCGTGGGATAATG-3' 5'-GGCAGACTTTGGATGCTTCTT-3'
IL-6 5-GGCGGATCGGATGTTGTGAT-3' 5-GGACCCCAGACAATCGGTTG-3'
iNOS 5'-CAGGGAGAACAGTACATGAACAC3' 5-TTGGATACACTGCTACAGGGA-3'
MMP-3 5-TTAAAGACAGGCACTTTTGGCG-3' 5'-CCCTCGTATAGCCCAGAACT-3'
MMP-13 5'-CTATCCCTTGATGCCATTACCAG-3' 5'-ATCCACATGGTTGGGAAGTTC-3'
[-actin 5'-AGCCATGTACGTAGCCATCC-3' 5'-CTCTCAGCAGTGGTGGTGAA-3'

TNF-a, tumor necrosis factor-a; IL, interleukin; MMP, matrix metalloproteinase; iNOS, inducible nitric oxide synthase.

Western blot analysis. To measure the expression levels of iNOS,
COX-2, MMP-3,MMP-13, aggrecan, ADAMTS-4, ADAMTS-5
and type II collagen, a total of 5x10° chondrocytes/well were
seeded into six-well plates and pre-treated with various concen-
trations of OrA (4, 8 and 16 uM) for 2 h, followed by stimulation
with or without IL-1f (10 ng/ml) at 37°C in a 5% CO, incubator
for 24 h. To explore the molecular mechanism of OrA in the
progression of OA, a total of 5x10° chondrocytes/well were
seeded into six-well plates, pre-treated with or without 16 yM
OrA for 2 h and then stimulated with or without IL-1f (10 ng/ml)
for different time periods (0, 15, 30 and 60 min) at 37°C in a
5% CO, incubator. Following treatment, total proteins were
extracted using a RIPA lysis buffer containing 1% protease and
phosphorylase inhibitors (Beyotime Institute of Biotechnology).
Proteins were then incubated on ice for an additional 30 min
and centrifuged at 12,000 x g for 10 min at 4°C. Total protein
concentration was measured using a bicinchoninic acid protein
assay kit (Beyotime Institute of Biotechnology). A total of 40 ug
of protein from each group was separated using SDS-PAGE on
a 10% gel and then transferred onto 0.22-m PVDF membranes.
Following blocking with 5% non-fat dry milk for 2 h at room
temperature, membranes were incubated with primary anti-
bodies against iNOS, COX-2, MMP3, MMP-13, ADAMTS-4,
ADAMTS-5, PI3K, p-AKT, AKT, p-ERK, ERK, p-p38,
p38, p-JINK, INK, p-p65, p65, IxBa, B-actin (all in dilution
1:1,000) or type II collagen (dilution, 1:500) overnight at 4°C.
The membranes were then washed three times with TBS-0.1%
Tween-20 for 5 min each time. Subsequently, the membranes
were incubated with the secondary antibodies (Cell Signaling
Technology, Inc.; anti-mouse cat. no. 7076 and anti-rabbit
cat. no. 7074) diluted in secondary antibody diluent (Beyotime
Institute of Biotechnology; cat. no. P0258; 1:100) for 2 h at room
temperature. The protein bands were visualized by using elec-
trochemiluminescence (Beyotime Institute of Biotechnology;
cat. no. POO18FS) and captured by a BioSpectrum imaging
system (Thermo Fisher Scientific, Inc.) and densitometry
analysis was performed using the ImageJ software (v. d1.47;
National Institutes of Health).

Animals. Animal experiments were conducted in accordance
with the International Ethical guidelines (30) and the National
Institutes of Health Guide for Care and Use of Laboratory
Animals (NIH Pub No 85-23, revised 1996) (31). The proce-
dures were approved by the Ethics Committee of Ningbo No. 6
Hospital (Ningbo, China).

Statistical analysis. Data are expressed as the mean + stan-
dard deviation (SD) from three experimental repeats. The
GraphPad Prism software (version 7.0; GraphPad Software
Inc.) was applied for all statistical analyses. One-way ANOVA
followed by Tukey's post hoc test was performed to detect
significant differences among groups. P<0.05 was considered
to indicate a statistically significant difference.

Results

Effects of OrA on murine chondrocyte viability. Chondrocytes
were extracted from the articular cartilage of each mice
and their morphology was examined. The results revealed
that chondrocytes in the cartilage matrix had a rounded or
polygonal structure (Fig. 1A). Chondrocytes were seeded into
96-well plates at a density of 8x10° cells/well. After adhesion
to the dishes, cells were treated with ascending concentra-
tions of OrA (0, 2, 4, 8, 16, 32, 64, and 128 uM) for 24 and
48 h. The results revealed that OrA at lower concentrations
0,2,4,8, and 16 uM) was not toxic for chondrocytes (Fig. 1B),
while the higher concentrations (>32 yM) were toxic for chon-
drocytes, with the majority of cells dying after stimulation.

OrA attenuates IL-15-induced inflammation. The potentially
protective effects of OrA against IL-1p-induced inflamma-
tory reaction was next determined by RT-qPCR and western
blotting. Although IL-1f significantly promoted the expression
of the inflammatory factors TNF-a, IL-6 and iNOS, treatment
with OrA significantly reversed this effect in a dose-dependent
manner (Fig. 2A). Furthermore, western blot analysis revealed
that 16 yuM OrA markedly inhibited IL-1f-induced upregu-
lation of iNOS and COX-2 (Fig. 2B and C). The protective
effects of OrA on IL-1pB-induced inflammatory reaction was
also supported by results from immunofluorescence analysis.
Significantly lower expression levels of COX-2 were observed in
cells pre-treated with OrA compared with those in cells treated
with IL-1p alone without OrA pre-treatment (Fig. 2D and E).

OrA reverses IL-15-induced degradation of ECM. To explore
the effect of OrA on IL-1p-induced degradation of ECM,
RT-qPCR was first performed to evaluate the expression
levels of the matrix-degrading enzymes MMP-3 and MMP-13.
The results demonstrated that OrA significantly attenuated
the IL-1p-mediated upregulation of MMP-3 and MMP-13
mRNA (Fig. 3A). The 16 uM OrA-mediated protective effects
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Figure 1. Effect of OrA on murine chondrocyte viability. (A) Chemical structure of OrA. (B) Morphology of chondrocytes (upper panel original magnification,
x100; lower panel original magnification, x200). (C) Chondrocytes were treated with medium supplemented with different concentrations of OrA (0, 2, 4,
8, 16,32, 64 and 128 M) for 24 and 48 h before the CCK-8 assay was performed to assess cell viability. Each experiment was repeated three times indepen-
dently. Data are expressed as the mean + standard deviation. ““P<0.001 vs. untreated. OrA, oroxylin A; CCK-8, Cell Counting Kit.

against IL-1B-induced MMP-3 and MMP-13 upregulation was
also confirmed on protein level using western blot analysis
(Fig. 3B and C). Consistent with the previous findings of
the present study, immunofluorescence results supported the
potentially suppressive effects of OrA on IL-1f-mediated
increased expression of MMP-3 and MMP-13. Significantly
lower expression levels of MMP-3 and MMP-13 were
observed in cells pre-treated with OrA compared with those
in cells treated with IL-1f3 alone without OrA pre-treatment
(Fig. 3D and E).

The ADAMTS family of metalloproteases has been previ-
ously reported to be involved in the cleavage of aggrecan (32).
Therefore, the present study investigated the effects of OrA
on IL-1B-induced expression of ADAMTS-4 and ADAMTS-5.
The results revealed that pre-treatment with 16 yM OrA mark-
edly attenuated IL-1B-mediated upregulation of ADAMTS-4
and ADAMTS-5 (Fig. 3B and C).

Type 1I collagen and aggrecan are the main components
of ECM (33,34). Treatment with IL-1f significantly decreased
the expression of both molecules, whilst pre-treatment
with 8 and 16 yuM OrA significantly prevented this effect
(Fig. 4A and B). Immunofluorescence analysis of type II
collagen also indicated that OrA pre-treatment effectively
protected against IL-13-mediated downregulation of type II
collagen (Fig. 4C and D).

Effect of OrA on IL-13-induced NF-xkB and MAPK activation.
Western blot analysis indicated that cell stimulation with IL-1f3
for 15 min markedly increased the phosphorylation of p65 and
IxBa degradation (Fig. 5A and B). However, pre-treatment with
OrA had no effects on the NF-«xB signaling pathway activation
(Fig. 5A and B). The effect of OrA on IL-1f-mediated phos-
phorylation of ERK, JNK and p38 was subsequently investigated
using western blot analysis. Although OrA exerted no effects
on the activation of JNK and p38, it significantly prevented the
IL-1p-mediated phosphorylation of ERK at 15 min compared
with that cells that were not pre-treated with OrA (Fig. 5C and D).

Effect of OrA on IL-1B-mediated PI3K/AKT activation.
To further explore the potential anti-inflammatory effects
of OrA in chondrocytes, western blot analysis was applied
to evaluate the phosphorylation levels of AKT. The results
demonstrated that at 15 and 30 min, IL-1f-mediated AKT
phosphorylation was significantly lower in chondrocytes
pre-treated with OrA compared with cells there were not
pre-treated (Fig. 6A and B).

Discussion

OA is a chronic age-associated degenerative joint disease with
a complex pathology that imposes severe socio-economic
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analysis. (C) Quantification of iNOS and COX-2 expression. “P<0.01 vs. untreated; “P<0.05 and ““P<0.001 vs. IL-1B only. (D) Immunofluorescence analysis of
COX-2 expression, (E) which was quantified. Original magnification, x200. Each experiment was repeated three times independently. Data are expressed as
the mean + standard deviation. “P<0.01 and ““P<0.001. OrA, oroxylin A; IL-1f, interleukin-1B; TNF-a, tumor necrosis factor a; iNOS, inducible nitric oxide

synthase; COX-2, cyclooxygenase 2.

burdens on the patients (35). According to statistics, ~10%
men and 13% women aged =60 years are afflicted with knee
OA in the USA (36). At present, OA treatment strategies for
relieving the pain symptoms are limited, where surgery is
considered to be the final option in cases of advanced disease
progression (37). Although agents are available to clinically
relieve pain, severe side effects frequently occur. For instance,
NSAIDs, which are used widely in OA to clinically relieve
pain and swelling, do not ameliorate cartilage degeneration
and are associated with gastrointestinal side effects, such as
gastrorrhagia (38,39). Therefore, novel, safe and effective
alternative strategies are urgently sorted for OA treatment.
OrA is a natural mono-flavonoid that can be extracted from

Scutellariae radix (40). Previous studies have reported the
anti-inflammatory effects of OrA (21,41). The present study
investigated the potential effects of OrA in IL-1B-induced
inflammation in murine chondrocytes. The results revealed
that OrA pre-treatment resulted in the suppression of inflam-
mation by inhibiting the ERK and PI3K/AKT signaling
pathways.

Accumulating evidence has indicated that OA is character-
ized by cartilage degeneration (42). Under normal conditions,
the joint cartilage is maintained through a delicate balance
between the synthesis and degradation of ECM (43). However,
inflammatory cytokines, especially IL-1f, can perturb this
balance, which leads to cartilage degradation (44). In the
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and metalloproteinase with thrombospondin motifs.

present study, iNOS and COX-2 were found to be signifi-
cantly upregulated following stimulation with IL-1{. It has
been previously reported that the production of iNOS and
COX-2 serves an important role in the pathophysiology of
OA (45). Several studies demonstrated that iNOS and COX-2

downregulation ameliorated the progression of OA (46,47).
The present findings showed that OrA significantly prevented
the IL-1B-induced expression of iNOS and COX-2. ECM is
the main component of articular cartilage (48). Increased
catabolism of ECM is considered to be a crucial factor in
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the progression of OA (49). Previous studies have provided
evidence that the activation of MMPs, especially MMP3
and MMP13, promotes the degradation of ECM (12,13).
In the present study, stimulation with IL-1 markedly
upregulated the expression of MMP3 and MMP13, whilst
pre-treatment with OrA prevented this effect. Aggrecan and
type II collagen are the main components of ECM, such that
downregulation of both of these molecules leads to cartilage
degradation (50). In the present study, IL-1p significantly
attenuated the expression of aggrecan and type II collagen,
whilst pre-treatment with OrA prevented this effect. In addi-
tion, the ADAMTS enzymes, especially ADAMTS-4 and
ADAMTS-5, are considered to be the primary aggrecanases
with the ability to cleave aggrecans (51,52). In the present
study, treatment with OrA attenuated IL-1B-induced expres-
sion of ADAMTS-5 and protected against IL-1p-induced
cartilage degradation.

The MAPK and PI3K/AKT signaling pathways serve
a crucial role in the pathogenesis of OA (53,54). Inhibition
of IL-1B-induced activation of ERK has been previously
reported to attenuate the progress of OA (55). Accumulating
evidence has suggested that the activation of ERK medi-
ates the production of MMPs, thereby promoting cartilage

degradation (56,57). The present study demonstrated that
treatment with OrA significantly inhibited the activation of
ERK. Another previous study reported that inhibition of the
PI3K/AKT signaling pathway relieved IL-1p-induced inflam-
matory response in chondrocytes (58). In addition, it has been
also reported that PI3K/AKT signaling regulates the expression
of aggrecan (59). Therefore, the present study investigated the
effect of OrA on IL-1B-mediated activation of the PI3K/AKT
signaling pathway and confirmed that OrA could also inhibit
the PI3K/AKT signaling pathway.

However, there are still several limitations in the current
study. First, as the present research was based on murine chon-
drocytes, which were obtained from neonatal mice, the mice
were not weighed or sexed upon purchase. Additionally, the
current study lacks in vivo results, which should be assessed
in future work.

Taken together, the results of the present study suggested
that OrA exerted protective effects against IL-1B-induced
inflammatory response by inhibiting the activation of the
ERK and PI3K/AKT signaling pathways. The current study
indicated the therapeutic potential of OrA in osteoarthritis
treatment and may therefore provide a novel candidate for OA
therapy.
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Figure 5. Effect of OrA on IL-13-mediated NF-xB and MAPK activation. Chondrocytes were pre-treated with or without 16 uM OrA for 2 h, and then
stimulated with or without IL-1f (10 ng/ml) for different time periods (0, 15, 30 and 60 min). (A) The protein expression levels of p65 and IkBa, in addition
to p65 phosphorylation were determined by western blot analysis. (B) which was then quantified. (C) The protein expression levels of ERK, JINK, INK
and p38, in addition to their corresponding phosphorylation levels, were determined by western blot analysis and (D) quantified. Data are expressed as
the mean + standard deviation from three experimental repeats. ““P<0.001 vs. the IL-1f only group. OrA, oroxylin A; IL-1f, interleukin-1f; IkBa, NF-xB

inhibitor a; p-, phosphorylated.

A IL-1B IL-1B+OrA

0 15 30 60 0 15 30 60 min

Il Control

-
w

-
[=]

e
)

P-AKT/AKT Ratio

e
o

1] 15 30 60 min

Figure 6. Effect of OrA on IL-1p-mediated PI3K/AKT activation. (A) Protein expression levels of PI3K and AKT, in addition to AKT phosphorylation, were
determined by western blot analysis and (B) quantified. Data are expressed as the mean + standard deviation from three experimental repeats. “P<0.01 and

“"P<0.001 vs. the IL-1p only group. OrA, oroxylin A; IL-1p, interleukin-1p.
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