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A B S T R A C T

Osteoarthritis (OA), a common and severe disease, is predominantly characterized by cartilage destruction,
which results in the degeneration of joint surfaces. Nowadays, it is accepted that TNFα plays a critical role in OA.
Scutellarin, the main bioactive flavonoid glycoside extracted form Erigeron breviscapus, has been reported to
exert positive effects on anti-inflammatory reactions. However, the effect of scutellarin in OA is still unknown. In
this study, we isolated and cultured primary murine chondrocytes, stimulating TNF-α, in the presence or absence
of scutellarin treatment. We found that the inflammatory response stimulated by TNF-α was significantly in-
hibited by the addition of scutellarin. Moreover, we established OA mouse models induced by surgery. In this
mouse model, both inflammatory reaction and cartilage degeneration were markedly inhibited by oral admin-
istration of scutellarin. Furthermore, the cellular mechanism underlying the protective effect of scutellarin in OA
was clearly associated with the NF-κB and PI3K/AKT signaling pathways. Collectively, this study proposes
scutellarin as a potential therapeutic to treat joint degenerative diseases, including OA.

1. Introduction

Osteoarthritis (OA), a biomechanical disease, which is estimated to
be the fourth leading cause of disability by 2020 [1,2]. Osteoarthritis
(OA) is one of the main types of arthritis, and millions of people suffer
from this disease worldwide. OA is characterized by progressive de-
generation of chondrocytes [3,4]. OA presents a progressive prevalence
as people over 65-year-old suffered diverse degree of OA. OA-associated
cartilage destruction, synovitis, and the formation of osteophyte have
become the main reasons underlying adult disability, especially in the
elderly [1,2]. As a progressive degenerative joint disease, progressive
degradation of the articular cartilage lead to progressive degradation of
the articular cartilage so as to bone-to-bone abrasive articulation, which
causes severe pain, stiffness, and disability. It is reported that in-
flammatory and catabolic alterations were strongly associated with the
onset and development of OA. However, the pathogenesis was still
unknown [5]. Thus, nowadays, there is limited therapeutic approaches

for OA and no therapy to successfully prevent OA progression. Recently,
as the development of biological agent, it is reported that etanercept, a
TNFα inhibitor, is a potent strategy in medicine that can render a
biological solution for tissue regeneration and repair [5,6]. However,
Limited efficacy and expensive cost of etanercept in the treatment of OA
present in clinic. Total joint arthroplasty is still the main treatment for
mid and late stage's patient. Thus, to find a new effective and low-cost
medicine is necessary.

Scutellarin, extracted from the traditional Chinese medicine plant
Erigeron breviscapus, performs multiple functions in both physiological
and pathological processes [7]. Scutellarin is a flavone glucuronide
which is widely used clinically to treat cardiovascular and cere-
brovascular diseases [8]. Reportedly, scutellarin exerts both anti-oxi-
dant and anti-inflammatory effects on ischemic cerebrovascular disease
[9]. Recently, its anti-inflammatory effect was confirmed in a number
of diseases, including dermatitis, atherosclerosis, and myocardial in-
farction [10]. However, whether scutellarin affects the degeneration of
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cartilage requires further investigation.
It is generally accepted that the NF-κB and PI3K/AKT signaling

pathways play critical roles in the degeneration of cartilage [11].
Moreover, TNF-α has been identified as a key cytokine in the genesis
and development of cartilage destruction [12]. Thus, the suppression of
TNF-α function is a well-accepted clinical treatment of OA [13]. In-
terestingly, the anti-TNF-α, anti-NF-κB, and PI3K/AKT signaling
pathway effects of scutellarin were proven recently [14], and this
prompted us to investigate whether scutellarin might play a key role in

cartilage degradation and OA progression. The purpose of this study is
to determine: (1) whether scutellarin could antagonize inflammatory
procedure in osteoarthritis and (2) the potential involvement of scu-
tellarin in the pathogenesis of osteoarthritis.

Table 1
Primer sequences in this study.

Gene Symbol Primer sequences

IL-1β 5′-AATCTCACAGCAGCACATCA-3′; 5′-AAGGTGCTCATGTCCTCATC-3′
IL-6 5′-CCTTCCTACCCCAATTTCCAAT-3′; 5′-GCCACTCCTTCTGTGACTCCAG-3′
iNOS 5′-ACA GGAGGGGTTAAAGCTGC-3′; 5′-TTGTCTCCAAGGGACCAGG-3′
NF-κB1 5′ TACAAGCTGGCTGGTGGGGA-3′; 5′-GTCGCGGGTCTCAGGACCTT-3′
GAPDH 5′-AGAACATCATCCCTGCATCC-3′; 5′-AGTTGCTGTTGAAGTCGC-3′
MMP-13

ADAMTS-5
5′-ACTTTGTTGCCAATTCCAGG-3′; 5′-TTTGAGAACACGGGGAAGAC-3′
5′-GCATTGACGCATCCAAACCC-3′; 5′-CGTGGTAGGTCCAGCAAACAGTTAC-3′

COX-2 5′-AACATCTCAGACGCTCAGGAAATAG-3′; 5′-GCCGTAGTCGGTGTACTCGTAG-3′
Collgen2 5′-ACTAGTCATCCAGCAAACAGCCAGG-3′; 5′-TTGGCTTTGGGAAGAGAC-3
Aggrecan TNFα 5′-AATGCTGGTACTCCAAACCC-3′; 5′-CTGGATCGTTATCCAGCAAACAGC-3′

5′-AGGGTCTGGGCCATAGAACT-3′; 5′-CCACCACGCTCTTCTGTCTAC-3′

Fig. 1. Scutellarin antagonized cartilage
degeneration and inflammation induced
by TNF-α in vitro. (A–F) mRNA levels of
inflammatory biomarkers including IL-1β,
iNOS, MMP13, ADAMTS-5, COX-2, and IL-6
were assayed in each group by real-time
PCR. (G–H) The levels of IL-1β and IL-6 in
culture medium of all groups were tested by
ELISA. (I–J) The protein levels of COX2 and
iNOS in each group were assayed by western
blot. (K) Analysis of NO production in cul-
ture medium was performed by Griess ex-
periments. (L) Cell viability assay performed
by CCK8 test. The values are mean ± S.E.M
of at least three independent experiments.
#P < 0.05; ##P < 0.01 versus CTL group;
*P < 0.05; **P < 0.01 versus TNFα sti-
mulated group; NS: not significant versus
CTL group.
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2. Materials and methods

2.1. Animals

Wild type BL6/C57 male mice (10-week old) were purchased from
Shandong University Laboratory Animal Center (Jinan, Shandong,
China). Mice were housed in Shandong University Laboratory Animal
Center under specific pathogen-free (SPF) conditions conforming to the
Institutional Animal Care and Use Committee of Shandong University,
with standard rodent water and food. Experiments performed in this
study were all approved by the Animal Experiment Committee of
Shandong University.

2.2. Isolation and culture of primary murine chondrocytes

As previously reported, Primary Murine Chondrocyte cells were
isolated from articular cartilage in wild type mice (10-weeks old).
Briefly, after the mice were euthanized by administering pentobarbital
sodium, the articular cartilage of the knee was collected and minced
into 1mm3-thick slices. After washing in 1% cold PBS three times,
cartilage slices were treated with 0.25% Trypsin at 37 °C for 30min.
Cartilage slices were again washed in 1% cold PBS thrice, and digested
in a mixture of 0.1% collagenase II in DMEM (Gibco, USA) at 37 °C
overnight in an incubator with 5% CO2. Next, primary murine chon-
drocyte cells were collected and cultured in DMEM (Gibco, USA) con-
taining fetal bovine serum (10%) (Gibco, USA).

2.3. LAL test and cell viability

Scutellarin, provided by Shanghai Macklin Biochemical Co., Ltd,
was dissolved in bioclean PBS and filtered through a filter membrane
(0.22 µm). To assess the endotoxin contamination of the scutellarin
solutions (2 mg/ml in vivo; 10 µg/ml, 20 µg/ml and 40 µg/ml in vitro),
LAL testing was performed according the protocol of the ToxinSensor
Chromogenic LAL Endotoxin Assay Kit (GenScript; limit of detec-
tion< 0.01 EU/ml). A negative result was presented, which indicated
that the endotoxin contamination of scutellarin solution is at
least< 0.01EU/ml. Mo [6] reover, to further investigate the effect of
scutellarin on cell viability, the Cell Counting Kit-8 (CCK-8) kit (Vazyme
Corporation, Nanjing, P.R. China) was used. Briefly, chondrocyte cells
(1× 105 cells/ml) were cultured in a 96-well plate with varying con-
centrations of scutellarin for 24 h. Next, 10 μL of CCK8 reagent was
added into each well and incubated at 37 °C for 4 h.

2.4. The effect of scutellarin in vitro

In this study, Greiss assay, western blot as well as real-time PCR
were performed to examine whether scutellarin inhibits TNF-α-medi-
ated inflammation in Primary Murine Chondrocyte cells. According
previously reported, the concentrations of scutellarin accepted in this
study were 0 μg/ml, 10 μg/ml, 20 μg/ml and 40 μg/ml. And the pre-
paration method was described above. Chondrocyte cells were cultured
in 12-well flat-bottom plates (5× 105 cells/well) and divided into 5
groups: Chondrocyte cells in group 1 were cultured in culture medium

Fig. 2. Scutellarin protected against cartilage degeneration in ACLT mice models in vivo. (A) Cartilage degeneration present in the ACLT and scutellarin
treatment groups, assayed by Safranin O staining (Black Arrow: cartilage PG depletion; Red Arrow: Cartilage Surface Erosion; Yellow Arrow: Chondrocyte Death). (B)
The OARSI score of osteoarthritis in the two groups were analysis based on the results of Safranin O staining. (C–E). Treatment of naringin protected cartilage
stability in ACLT models, assayed by histological score analysis, according the score of cartilage PG depletion, cartilage surface erosion and chondrocyte death. (F–I)
The mRNA levels of MMP13, ADAMTS-5, Collagen Ⅱ and aggrecan were test by real time PCR. The values are mean ± S.E.M of at least three independent
experiments. *P < 0.05; **P < 0.01. Scale bar at 50 μm. N=6 for each group.
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without any addition for 24 h. Chondrocyte cells in group 2 were cul-
tured in culture medium with 10 ng/ml TNF-α (R&D systems) for 24 h,
while group 3 with TNF-α (10 ng/ml) and scutellarin (low dose:10 μg/
ml) addition. And in group 4, cells were cultured with TNF-α (10 ng/
ml) and scutellarin (high dose: 40 μg/ml) for 24 h. Group 5 were cul-
tured with scutellarin (high dose: 40 μg/ml) for 24 h. Culture super-
natants in these three groups were collected for NO test via the Griess
reaction through a commercial kit (Beyotine Biotechnology
Corporation, Shanghai, P.R. China), and total protein and mRNA were
extracted for next test.

2.5. OA surgical models

To further determine the effect of scutellarin in osteoarthritis,
anterior cruciate ligament transection (ACLT) surgery was performed in
12-week-old WT mice as previously reported [15]. At first, mice were
divided into the following three groups (n=6): the sham-operation,
ACLT, and treatment. In the sham-operation group, mice underwent
sham-operation, in which the joint capsule of knee was exposed without
ligament destruction, and PBS (0.2 ml) was administered in-
traperitoneally once a day for 4 weeks. In the ACLT group, the anterior
cruciate ligament (ACL) was transected, and the mice received in-
traperitoneal injection containing 0.2ml of PBS once a day for 4 weeks.
In the scutellarin treatment group, ACLT was also performed by the
same method, and the mice were treated with scutellarin (20mg/kg/
day) once a day for 4 weeks. Four weeks following surgery, mice were
euthanized with pentobarbital sodium, and the knee joint tissue and
serum of each mouse was collected for further testing.

2.6. Histological and immunostaining analysis

Knee joint samples collected from each mouse were fixed in 4% PFA

for at least 4 days. After decalcification in 10% EDTA at room tem-
perature for two weeks, Knee joint samples were embedded in paraffin.
Sections (5 µm) were stained with Safranin-O/fast green. For per-
forming immunohistochemistry analysis, after being dewaxed with
xylene and eluted with 100%, 90%, 80%, and 75% ethanol, serial
sections were pretreated with compound digestive juice (Boster
Biological Technology, China) at 37 °C for 30min. To block nonspecific
proteins, 10% goat serum (Boster Biological Technology, China) was
added to the sections at room temperature for at least 45min. Sections
were then incubated with anti-p-IκBα (1:150 dilution, Boster Biological
Technology, China) and anti-iNOS antibodies (diluted 1:150, Boster
Biological Technology, China) at 4 °C overnight. Next, detection was
performed using an enhanced polymer detection system kit (Boster
Biological Technology, China) according to the protocol, following
counterstaining with 1% hematoxylin (Boster Biological Technology,
China).

2.7. Quantificational evaluation in histology

To grade the proteoglycan (PG) content of cartilage, the OARSI
scoring system was performed in this study based on the Safranin-
O–stained sections. PG depletion was scored as 0–3 according to pre-
vious reports (4); complete depletion of PGs (3), distained cartilage (2),
fully stained cartilage (1), and normal (0). Moreover, we scored chon-
drocyte death on a scale of 0–3; from no empty lacunae (0) to complete
loss of chondrocytes (3) in the cartilage layer, and we also scored car-
tilage surface erosion as 0–3; from no cartilage loss (0) to complete loss
of articular cartilage (3). Image J was used to analyze the articular
cartilage thickness. Each group contained at least 3 mice, and each
mouse was determined and averaged in all sections in 3 parameters.

Fig. 3. Scutellarin protected against the inflammatory response in ACLT mice models in vivo. (A–C) The circulating levels of IL-1β, TNF-α, and IL-6 in serum in
each group were tested by ELISA. (D–H) The mRNA levels of IL-1β, iNOS, TNF-α, COX-2, and IL-6 in the knee joint were tested by real time PCR. The expression
protein levels of iNOS in the cartilage of the knee in all groups was tested by western blot (I) and Immunostaining (J). The values are mean ± S.E.M of at least three
independent experiments. *P < 0.05; **P < 0.01. Scale bar at 50 μm. N=6 for each group.
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2.8. Western blotting

Proteins of primary chondrocytes and knee joints from all groups
were extracted and collected using RIPA Lysis Buffer (Boster Biological
Technology, China), mixed with 1% PMSF (Boster Biological
Technology, China) and 1% protease and phosphatase inhibitor (Boster
Biological Technology, China). After heating in loading buffer (Boster
Biological Technology, China) at 100 °C for 10min, proteins were
analyzed by electrophoresis in 10% agarose gel (Boster Biological
Technology, China) and electroblotted onto a nitrocellulose membrane
(Boster Biological Technology, China). To block non-specific proteins,
the protein blots were treated with 5% non-fat milk. Protein blots were
then incubated with the following antibodies at 4 °C overnight: p-IκBα
(diluted 1:1000, Boster Biological Technology, China), COX-2 (diluted
1:1000, Boster Biological Technology, China), iNOS (diluted 1:1000,
Boster Biological Technology, China). Next, the protein blots were
treated with horseradish peroxidase-conjugated secondary antibody
(1:2000 dilutions, Boster Biological Technology), and detected using an
enhanced chemiluminescence system (Thermo Scientific, Shanghai,
China).

2.9. Real-time PCR

We extracted total RNA from mice and chondrocytes in each group
by using a RNeasy kit (Vazyme Corporation, Nanjing, P.R. China).
According the manufacturer’s instructions, all mRNA was reverse
transcribed into cDNA by RT- PCR kit (Vazyme Corporation, Nanjing,
P.R. China). Next, we performed real-time PCR using the Thermal
Cycler Dice Real-Time System with SYBR Green I dye. In this study, we
designed the sequence-specific primers to generate products between

100 bp and 200 bp in length and are listed in Table 1. Mean Ct values of
genes under investigation were normalized to GAPDH and the results
were quantified using the ΔΔCt method. All experiments were repeated
at least three times.

2.10. ELISA assays for IL-1β and IL-6 in vivo and in vitro

Serum from each mouse were test for IL-1β, TNFα and IL-6 by using
ELISA kits (Boster Biological Technology, Wuhan, China) after harvest.
Moreover, culture supernatant from chondrocytes in each group were
collected for ELISA test for IL-1β and IL-6. According the manu-
facturer’s instructions, sandwich ELISA assay performed as follows: 96-
well Plates were incubated with samples (100 μl) and standards (100 μl)
for 90 mins at 37 °C without any wash. Then Plates incubated with
detection Abs (100 µL per well) at 37 °C for 60 mins with 4 washes by
0.01M TBS. Next, 100 μL ABC complex (per well) were added into
plates and incubated at 37 °C for 30 mins and then washed by 0.01M
TBS for 5 times. Finally, plates were incubated with TMB Substrate
solution and stopped by the addition of 100 µL of 1 N HCl. All results
were test by Thermo Scientific Microplate Reader (Thermo Scientific,
Shanghai, China), and all the samples were assayed in triplicate and
repeated at least three times.

2.11. Statistical analysis

Results are shown as average values ± SEM. One-way ANOVA and
nonparametric comparison (Bonferroni’s multiple comparison test)
were performed using Prism software version 4.0b. P values less than
0.05 were considered significant.

Fig. 4. Scutellarin antagonizes activation of NF-
κB and PI3K/AKT signaling Pathways both in
vivo and in vitro. (A) The phosphorylation of IκBα
and P65 in the control group, ACLT and scutellarin
treatment group were tested by western blotting.
(B) The phosphorylation of PI3K and AKT in the
three groups was also assayed by western blot. (C)
In chondrocytes, immunofluorescent staining was
performed to further investigate the nuclear trans-
location of NF-κB-P65.
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3. Results

3.1. Scutellarin antagonizes cartilage degeneration and inflammation
induced by TNF-α in vitro

It has been reported that cartilage degeneration and inflammation
are key to cartilage degeneration in osteoarthritis [16]. Moreover, in-
flammatory cytokines, especially TNF-α, play a critical role in cartilage
degeneration and inflammation [17]. Interestingly, according to a re-
cent study, TNF-α function was antagonized by scutellarin [18]; this
prompted us to investigate the effect of scutellarin in osteoarthritis by
targeting TNF-α function. Inflammatory cytokines play important roles
in the whole inflammatory reactions, such as IL-1β, iNOS, MMP13,
ADAMTS-5, COX-2, and IL-6, which is also the biomarkers for in-
flammation. As described above, primary murine chondrocytes were
isolated and treated in four groups. Total mRNA was extracted and
reverse transcribed into cDNA. As Fig. 1A–F (Each P value< 0.05) in-
dicate, the mRNA levels of inflammatory biomarkers including IL-1β,
iNOS, MMP13, ADAMTS-5, COX-2, and IL-6 were highly upregulated
following stimulation by TNF-α (10 ng/ml), while this tendency was
abrogated by addition of scutellarin in both low (10 µg/ml) and high
(40 µg/ml) doses. Meanwhile, culture supernatant was collected and
ELISA was performed. As shown in Fig. 1G–H (Each P value< 0.05),
the release of IL-1β and IL-6 was significantly inhibited by scutellarin in
both low and high dose groups when chondrocytes were stimulated
with TNF-α (10 ng/ml). Western blot analyses of the total protein col-
lected was also performed. The protein levels of COX2 and iNOS were
consistent with the mRNA levels, which indicated that the increased
expression of COX2 and iNOS stimulated by TNF-α were abrogated by
the addition of scutellarin (Fig. 1I–J). NO production promoted the
activation of inflammatory reactions, and inflammatory reactions fur-
ther increased the level of NO. In addition, analysis of NO production
was performed by Griess experiment. Results showed that chondrocytes

produced less nitrite when stimulated by TNF-α in the presence of
scutellarin (low and high doses) (Fig. 1K) (Each P value< 0.05). Col-
lectively, these results demonstrate that scutellarin suppressed TNF-α-
induced cartilage degeneration and inflammation in chondrocytes.

3.2. Scutellarin protects against cartilage degeneration and inflammation in
ACLT mouse models

To further investigate the protective effects of scutellarin on carti-
lage degeneration and inflammation in mice, ACLT mouse models were
established in 12-week-old WT mice as described above, followed by
treatment with PBS or 20mg/kg/day scutellarin. As indicated in
Fig. 2A, after surgery, the cartilage of the knee was significantly de-
generated and destroyed. However, in the scutellarin treated group, the
degeneration of cartilage was remarkably inhibited. As described
above, OARSI score was used in this study for histological grading
analysis. As for the OARSI score of osteoarthritis, the scutellarin-treated
group showed more improvement than the PBS treatment group
(Fig. 2B) (P value< 0.05). Furthermore, the score of cartilage PG de-
pletion, cartilage surface erosion, and chondrocyte death was in line
with the OARSI score (Fig. 2C–E) (Each P value< 0.05), which in-
dicates that scutellarin exerts marked protective effect on OA. Matrix
metalloproteinase-13 (MMP13), also called collagenase 3, plays a cri-
tical role in the degradation of collagen II to destroy the cartilage.
Moreover, ADAMTS-5, a well-known extracellular matrix (ECM) de-
grading enzyme, shows proteolytic activity toward the hyalectan group
of chondroitin sulfate proteoglycans, including aggrecan. Thus, MMP13
and ADAMTS-5 play important roles in assessing the degeneration of
cartilage. As shown in Fig. 2F–G (Each P value< 0.05), the mRNA le-
vels of MMP13 and ADAMTS-5 in PBS group were markedly increased.
However, after treatment with scutellarin, the mRNA levels of MMP13
and ADAMTS-5 were lower than those of the PBS treatment group,
which indicates that scutellarin plays a protective role in degeneration
of cartilage by inhibiting the degradation of Collagen II and aggrecan
(Fig. 2H–I) (Each P value<0.05). This is consistent with the result
presented in Fig. 2F–G.

To assess the levels of circulating inflammatory cytokines, serum
was extracted from each mouse and ELISA was performed for IL-1β,
TNF-α, and IL-6. As shown in Fig. 3A–C (Each P value<0.05), the
circulating levels of IL-1β, TNF-α, and IL-6 in the PBS treatment group
were higher than those of the sham-operation group, while the levels of
circulating inflammatory cytokine levels in the scutellarin treatment
group were lower than those of the PBS treatment group. After har-
vesting, total RNA was collected from the knee of each mouse, and real
time PCR was performed. As Fig. 3D-H (Each P value<0.05) shows,
the mRNA levels of IL-1β, iNOS, TNF-α, COX-2, and IL-6 were sig-
nificantly decreased following treatment with scutellarin, which in-
dicates that the expression of inflammatory cytokines was inhibited by
scutellarin in OA in mice. Moreover, after WB was performed, the
protein levels of iNOS in the knee cartilage were consistent with the
mRNA levels (Fig. 3I). This was further confirmed by histological
analysis through immunostaining for iNOS (Fig. 3J). Collectively, os-
teoarthritis mice models, ACLT mice models, were established in this
study with or without scutellarin treatment to assess the therapeutic
effects of scutellarin in OA. As the results described above, not only the
degree of cartilage degeneration but also the inflammation in arthritis
was deeply improved after scutellarin treatment.

3.3. Scutellarin antagonizes activation of NF-κB and PI3K/AKT signaling
pathways both in vivo and in vitro

As previously reported, scutellarin is an effective inhibitor of the
NF-κB signaling pathway [19]. Moreover, a recent study reported that
scutellarin plays a protective role in many inflammatory reactions
through action on the NF-κB and PI3K/AKT signaling pathways [14].
Furthermore, it was also reported that the NF-κB and PI3K/AKT

Fig. 5. Pattern diagrams for the effect of scutellarin in osteoarthritis.
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signaling pathways play a significant role in the degeneration of car-
tilage and inflammatory responses [20].This prompted us to investigate
the effect of scutellarin on OA and the associated underlying me-
chanism. In the present study, to investigate the activation of the NF-κB
and PI3K/AKT pathways, levels of related proteins were assayed in each
group; the control, ACLT. and scutellarin treatment groups. As Fig. 4A
indicates, the phosphorylation of IκBα and P65 was markedly upregu-
lated in the ACLT group compared to the control group, but phos-
phorylation of IκBα and P65 was downregulated by scutellarin treat-
ment in the ACLT group. Similarly, the phosphorylation of PI3K and
AKT was significantly upregulated in the ACLT group compared with
the control, while scutellarin downregulated both PI3K and AKT in the
scutellarin treatment group compared with the ACLT group (Fig. 4B). In
chondrocytes, immunofluorescent staining was performed to further
investigate the nuclear translocation of NF-κB-P65. As Fig. 4C indicates,
NF-κB-P65 was translocated into the nucleus when chondrocytes were
stimulated by THFα. However, this nuclear translocation was blocked
with the addition of scutellarin. Collectively, our data suggest that
scutellarin may affect the inflammatory response and cartilage degen-
eration via the NF-κB and PI3K/AKT signaling pathways, which are
described in pattern diagrams (Fig. 5).

4. Discussion

OA, a common and severe disease, is predominantly characterized
by cartilage destruction, which results in the degeneration of joint
surfaces [21]. However, further investigation is needed to understand
its pathogenesis and to develop a curative treatment [22]. As previously
reported, TNFα plays a critical role in the process of cartilage de-
struction. The expression of MMPs and ADAMTS was markedly in-
creased by TNFα, this increase lead to significant degradation of the
cartilage matrix, including cartilage oligomeric matrix protein, Col II,
and aggrecan [23]. Recently, TNFα has become a new target for OA
therapy [23]. Moreover, the NF-κB and PI3K/AKT signaling pathways
have been considered to play key roles in the pathogenesis of osteoar-
thritis [24]. Furthermore, NF-κB activation and PI3K/AKT phosphor-
ylation induced by TNFα has been confirmed to occur in the process of
cartilage degeneration [25].

Scutellarin, the main bioactive flavonoid glycoside extracted form
Erigeron breviscapus, has been reported to possess positive effects in anti-
inflammatory reactions [7]. Moreover, the therapeutic effect of scu-
tellarin in rheumatoid arthritis in rats has been reported in recent years
[26]. Furthermore, as recently reported, a combination of scutellarin
baicalensis and acacia catechu extracts have exhibited marked ther-
apeutic effects in patients suffering with arthritis in clinic [27]. How-
ever, the unique effect of scutellarin on OA and its associated under-
lying mechanism still need to be investigated. In this study, we
demonstrated the protective effect of scutellarin in osteoarthritis and
clarified the underlying mechanism behind this.

NO plays a critical role as a main cytotoxic mediator in the in-
flammatory reaction, regulated by iNOS [28]. iNOS is expressed in low
levels under normal conditions but is increased in activated micro-
phages. Expression of iNOS is activated by inflammatory cytokines,
such as IL-1β, THFα and IL-6. In the present study, the production of
NO in chondrocytes was increased when stimulated with TNFα, but this
tendency was abrogated by the addition of scutellarin in a dose de-
pendent manner [19]. Moreover, the increased expression of detri-
mental inflammatory cytokines such as IL-1β, iNOS, ADAMTS-5, COX-
2, and IL-6, in chondrocytes were significantly antagonized by the ad-
dition of scutellarin both in low and high dose, when assayed by real
time PCR, ELISA and Western Blot. It is a widely held view that the
production and activation of MMPs is promoted by NO and that the
synthesis of collagen II and proteoglycan are suppressed by NO, causing
ECM degradation in osteoarthritis [29–31]. In this study, as described
above, the increased expression levels of MMP13 and NO in chon-
drocytes were significantly inhibited by scutellarin.

The anterior cruciate ligament transection (ACLT)-induced OA
model is a well-established model used to investigate the pathogenesis
and treatment of osteoarthritis [32]. As previously reported, the ACLT
mouse model demonstrates great similarities with human osteoarthritis,
including subchondral change, articular cartilage damage and synovitis
[33]. To determine the effect of scutellarin, ACLT mouse model was
established and scutellarin was treated by ig administration in this
study. The inflammatory response in ACLT mice model was remarkably
inhibited following scutellarin treatment. Moreover, the degeneration
and destruction of articular cartilage damage and subchondral change
progressed slowly in scutellarin treatment group after the ACLT mouse
model was established, as tested by Safranin O staining and assayed by
OARSI.

As previously reported, the protective effect of a combination of
scutellarin baicalensis and acacia catechu extracts have been proven
clinically [27]. However, the effect of scutellarin and the associated
mechanism of scutellarin action remain unknown. In this study, the
protective effect of scutellarin was confirmed in mice and the associated
mechanism was elucidated. It has previously been reported that the NF-
κB and PI3K/AKT signaling pathways are two key signaling pathways in
OA [34], which could downregulate the transcription of cellular in-
flammatory response-associated genes. Moreover, as recently reported,
the activation of NF-κB and PI3K/AKT pathways was inhibited by
scutellarin in the inflammatory response [35]. In this study, the acti-
vation of NF-κB and PI3K/AKT was assayed both in vivo and in vitro. In
chondrocytes, with the lower expression of inflammatory cytokines and
lower synthesis of pro-inflammatory mediators, the activation of NF-κB
and PI3K/AKT signaling pathway was significantly abrogated. Fur-
thermore, in the ACLT mouse model, the increased expression of NF-κB
and PI3K/AKT were remarkably inhibited by treatment with scu-
tellarin. In conclusion, scutellarin plays a protective role in osteoar-
thritis through modulation of the NF-κB and PI3K/AKT signaling
pathways.

In this study, the positive effect of scutellarin in cartilage degen-
eration and inflammation in OA was verified both in vivo and in vitro.
However, the effect of scutellarin in patient is still unknown. Till now, it
is just reported that a compound Chinese herbal preparation contains
scutellarin was effective in clinic [27]. No one performed elaborate
effect of scutellarin treatment alone in patient, including us. Because of
the limitation of ethics, we did not perform experiment in patient in this
study. But the effective mechanism of scutellarin treatment in OA in
mice was explored, which provided evidence to investigate the effect of
scutellarin in patient in the future. At present, widely used medicine is
still non-steroidal anti-in-flammatory drugs (NSADS), which is effective
in inflammation but with various side effect, such as peptic ulcer and
cardiovascular events. Moreover, it has little benefit in cartilage de-
generation. Thus, scutellarin, which benefit inflammation and cartilage
degeneration was a new and suitable target for medicinal development
in OA.
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