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Introduction: Osteoarthritis (OA) is the most prevalent joint disorder in the elderly population,
and inflammatory mediators like IL-1[ were thought to play central roles in its development.
Schisandrin B, the main active component derived from Schisandra chinensis, exhibited anti-
oxidative and antiinflammatory properties.

Methods: In the present study, the protective effect and the underlying mechanism of Schisan-
drin B on OA was investigated in vivo and in vitro.

Results: The results showed that Schisandrin B decreased IL-1f-induced upregulation of matrix
metalloproteinase 3 (MMP3), MMP13, IL-6, and inducible nitric oxide synthase (iNOS) and
increased IL-1B-induced downregulation of collagen II, aggrecan, and sox9 as well. Schisandrin
B significantly decreased IL-1B-induced p65 phosphorylation and nuclear translocation of p65
in rat chondrocytes. Mitogen-activated protein kinase (MAPK) activation was also inhibited by
Schisandrin B, as evidenced by the reduction of p38, extracellular signal-regulated kinase (Erk), and
c-Jun amino-terminal kinase (Jnk) phosphorylation. In addition, Schisandrin B prevented cartilage
degeneration in rat OA model with significantly lower Mankin’s score than the control group.
Conclusion: Our study demonstrated that Schisandrin B ameliorated chondrocytes inflammation
and OA via suppression of nuclear factor-kB (NF-kB) and MAPK signal pathways, indicating
a therapeutic potential in OA treatment.

Keywords: osteoarthritis, Schisandrin B, chondrocytes, MMPs, NF-kB pathway, MAPK
pathway

Introduction

Osteoarthritis (OA), characterized by progressive articular cartilage loss, chronic pain,
and subsequent joint failure, is a major cause of disability worldwide.! The overall preva-
lence of OA continued to increase with increasing age, and the lifetime risk of knee OA
was reported to be 14%—45% in western countries.>* Though OA is considered to be a
noninflammatory disease, recent evidence demonstrated that chronic low-grade inflam-
mation contributes to disease symptoms and OA progression.* Inflammatory mediators,
particularly IL-18 and tumor necrosis factor o, could compromise chondrocytes viability,
change their differential fate, and induce proinflammatory and procatabolic responses.>¢
Enhanced catabolic response would exacerbate cartilage matrix degradation by the
suppression of cartilage-related genes expression and promotion of matrix-degrading
genes like collagenases and matrix metalloproteinases (MMPs).” Signal pathways like
NK-kB and mitogen-activated protein kinase (MAPK) signaling are well recognized to
participate in this progress and could be effective targets in OA treatment.’* Targeting
the inflammatory response in OA progress may lead to new transformative therapies.
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Schisandrin B, the main active component derived from
Schisandra chinensis, has been reported to exhibit antioxi-
dative and antiinflammatory properties. Studies focusing on
the molecular mechanism revealed that Schisandrin B could
effectively reduce the activation of inflammatory signal
pathways including nuclear factor-kB (NF-kB) pathway
and MAPK/extracellular signal-regulated kinase (Erk)/
p38/c-Jun amino-terminal kinase (Jnk) pathway.!!* Several
in vivo studies have also demonstrated the protective role of
Schisandrin B in inflammatory bowel disease,'* neuroinflam-
matory damage,'® acute lung injuries,'® etc. However, the
effect of Schisandrin B on chondrocyte inflammation and OA
progression has not been reported yet. In the present study, we
report first that Schisandrin B can inhibit IL-1f-induced chon-
drocytes inflammation in vitro and ameliorate rat OA in vivo
via suppression of NF-kB and MAPK signal pathways.

Materials and methods

Materials

Schisandrin B was obtained from Shanghai PureOne
Biotechnology. DMEM, penicillin, streptomycin, fetal bovine
serum (FBS), and 0.25% trypsin were all purchased from Gibco
RRL, Grand Island, NY, USA. Type II collagenase and bull
serum albumin (BSA) were purchased from Sigma-Aldrich,
St. Louis, MO, USA. Recombinant rat IL-1[ was obtained from
R&D Systems, Abingdon, UK. Trizol reagent, Pierce™ ECL
Western Blotting Substrate, protease, and phosphatase inhibi-
tors were purchased from Invitrogen, Carlsbad, CA, USA.

Chondrocyte isolation, culture,

and treatment

Chondrocyte isolation was conducted as previously
described.!” Briefly, knee and hip cartilage harvested
from 6-week-old Sprague Dawley rats was cut into 1 mm?
particles. Then, the cartilage particles were digested with
0.25% tyrosine for 30 minutes followed by 0.2% type II
collagenase on a horizontal shaker at 37°C for 4 hours. The
isolated chondrocytes were seeded and grown in low-glucose
DMEM supplemented with 10% FBS, 100 U/mL penicillin,
and 100 mg/mL streptomycin at 37°C with 5% CO,. Cells
seeded in 96-well plates or 24-well plates were treated with
Schisandrin B at different concentrations for 24 or 48 hours
to detect cell viability and chondrocyte phenotype changes.
For chondrocyte inflammation and signal pathway involve-
ment analysis, 6-well seeded cells were pretreated with
Schisandrin B at different concentrations for 1 hour and then
incubated with or without IL-1B (10 ng/mL) for 48 hours or
30 minutes according to the study design.

Cell viability analysis

To analyze the cytotoxicity of Schisandrin B on chondro-
cytes, CCK-8 assay was conducted according to the manufac-
turer’s instruction. Five thousand chondrocytes were seeded
in 96-well plates and treated with different concentrations
(0, 25, 50, 75, 100, and 150 uM) of Schisandrin B for 24
and 48 hours. Then, the pretreated cells were incubated with
10 uL. CCK-8 reagent per well for 4 hours and the optical
density was read at a wavelength of 450 nm with a microplate
spectrophotometer.

To detect the chondrocyte phenotype changes, safranin O
staining were carried out in this study. Chondrocytes seeded
in 12-well plates were treated with different concentrations
(0, 25, 50, 75, 100, and 150 uM) of Schisandrin B for 48
hours. The cells were fixed with 4% paraformaldehyde
solution for 20 minutes and then stained with 0.1% safranin
O solution for 5 minutes. The cells were washed with PBS
for three times and then imaged by gross camera and Leica
light microscope.

RNA extraction and real-time

polymerase chain reaction (RT-PCR)

Total RNA was extracted by lysis in Trizol reagent fol-
lowed by a one-step phenol chloroform isoamyl alcohol
extraction according to the manufacturer’s instruction.
RNA concentrations were detected and adjusted to the
same before the reverse transcription with PrimeScript™
RT Master Mix purchased from TAKARA. RT-PCR was
conducted with SYBR® Premix Ex Taq™ II (TAKARA)
by Applied Biosystems StepOnePlus™ according to the
protocol. The expressions of MMP3, MMP13, IL-6, induc-
ible nitric oxide synthase (iNOS), collagen II, aggrecan,
and sox9 were detected. 18S was used as the endog-
enous control. All primers used in this study are listed in
Table 1. Gene expression was analyzed for fold difference
using 2744¢T,

Protein extraction and Western blot

After treatment, equal amounts of cells were lysed for whole
protein extraction by RIPA Lysis Buffer containing protease
and phosphatase inhibitors. The samples were then separated by
10% or 12% sodium dodecyl sulfate-polyacrylamide gels and
then transferred onto nitrocellulose membranes. After blocking
with 5% BSA for 1 hour at room temperature, the membranes
were incubated with primary antibodies at 4°C overnight
and then with secondary antibodies at room temperature for
2 hours. The protein bands were luminesced using Pierce
ECL Western Blotting Substrate and detected with Bio-Rad
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Table | Primer sequences used in this study

Gene Forward Reverse

Rat MMP3 CAGGCATTGGCACAAAGGTG GTGGGTCACTTTCCCTGCAT

Rat MMP13 GCAAACCCTGCGTATTTCCAT GATAACCATCCGAGCGACCTTT
Rat IL-6 AGCGATGATGCACTGTCAGA GGAACTCCAGAAGACCAGAGC
Rat iNOS CCTTACGAGGCGAAGAAGGACAG CAGTTTGAGAGAGGAGGCTCCG
Rat 18S CCTGAGAAACGGCTACCACA ACCAGACTTGCCCTCCAATG

Abbreviations: iNOS, inducible nitric oxide synthase; MMP, matrix metalloproteinase.

ChemiDoc system. Antibodies against MMP3, MMP13, IL-6,
iNOS, collagen II, aggrecan, sox9, p65, phosphor-p65, Jnk,
phosphor-Jnk, Erk, phosphor-Erk, p38, and phosphor-p38
were used in this study. Glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) was used as endogenous control. The
relative amount of proteins was analyzed with Quantity One
software (Bio-Rad) and normalized to GAPDH.

Immunofluorescence

Chondrocytes cultured on glass coverslips were pretreated
with 50 uM Schisandrin B for 1 hour and then incubated
with 10 ng/mL IL-1B for 30 minutes. After fixation with
cold methanol for 20 minutes, the cells were permeabilized
by PBS containing 0.3% v/v Triton X-100 for 10 minutes
and blocked with 5% BSA for 1 hour at room temperature.
Afterward, the cells were incubated with primary antibody
against p65 at 4°C overnight and then with fluorescein
isothiocyanate-conjugated secondary antibody for 1 hour.
Cell nucleuses were stained with DAPI for 5 minutes,
and then the coverslips were mounted on glass slides for
immunofluorescence analysis with a Leica fluorescence
microscope.

Animal experiments

Twenty Sprague Dawley rats were used to develop OA by
surgical resection of medial meniscus in knee joints as pre-
viously described.!® Briefly, the rats were anesthetized by
pentobarbital (40 mg/kg), and knee joints were opened with
a medial parapatellar approach. Then, the medial menis-
cuses were carefully resected without cartilage and ligament
injuries. One week after surgery, intra-articular injection of
50 uM Schisandrin B or equal volume of vehicle was con-
ducted every 7 days. Rats were sacrificed after 4 weeks of
treatment, and knee samples were fixed with 4% paraform-
aldehyde solution. The study was conducted in accordance
with NIH guidelines (NIH Pub No 85-23, revised 1996), and
the protocol was approved by the Ethics Committee of the
Second Affiliated Hospital, School of Medicine, Zhejiang
University, Hangzhou, China.

Tissue sample preparation, histological

analysis, and immunohistochemistry

Fixed rat knee joints were decalcified with 10% formic
acid until the samples became soft. The samples were
then gradiently dehydrated and embedded within paraffin
blocks. Histological sections (5 mm) were prepared using
a microtome, and subsequently deparaffinized with xylene,
hydrated gradiently, and then subjected to safranin O stain-
ing and immunohistochemistry. For immunohistochemistry,
the hydrated sections were first blocked with hydrogen
peroxide before pepsin treatment for 20 minutes. Afterward,
the sections were blocked with 5% BSA for 1 hour at room
temperature and incubated with primary antibodies overnight
at 4°C. Then, the sections were incubated with horseradish
peroxidase-linked secondary antibodies for 1 hour at room
temperature, and 3,30-diaminobenzidine was used as a chro-
mogenic agent. Histological evaluation of OA was performed
by three individuals using modified Mankin’s score."

Statistical analysis

All quantitative data sets are presented as meantSD. Student’s
t-test was performed to assess statistically significant dif-
ferences in the results of different experimental groups.
Statistical differences were performed with SPSS 20.0 (IBM
Corporation, Armonk, NY, USA) and values of p<<0.05 were
considered to be significantly different.

Results

Effect of Schisandrin B on cell viability
and chondrocyte phenotype maintenance
The cytotoxicity of different concentrations (25, 50, 75, 100,
and 150 uM) of Schisandrin B on chondrocytes was accessed
by the CCK-8 assay. As shown in Figure 1A, Schisandrin B
had no obvious cytotoxicity on chondrocytes with concen-
trations =100 UM at 24 hours and =75 uM at 48 hours.
The effect of Schisandrin B on chondrocyte phenotype was
also detected by safranin O staining, and the results showed
that 75 uM Schisandrin B caused slight safranin O stain
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Figure | Effect of Schisandrin B on viability and chondrocyte phenotype maintenance.
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Notes: (A) CCK-8 analysis, ¥p<<0.05 versus control group. (B) Gross view of safranin O stained chondrocytes treated with different concentrations of Schisandrin B for 48 hours
in 12-well plates. (C) Microscopic images of safranin O-stained chondrocytes treated with different concentrations of Schisandrin B for 48 hours. Scale bar =200 uM.

loss and concentrations =100 uM lead to mild to severe
safranin O stain loss. Chondrocyte phenotype was not appar-
ently affected by Schisandrin B with concentrations =50 uM
(Figure 1B and C). Based on the results above, 25 and 50 uM
concentrations of Schisandrin B were used for in vitro tests,
and a concentration of 50 UM was used for in vivo test.

Effect of Schisandrin B on IL-1[3-
induced inflammation and cartilage-gene

expression change in rat chondrocytes
The effect of Schisandrin B on IL-1B-induced chondrocyte
inflammation and matrix-degrading genes expression was
evaluated by RT-PCR and Western blot. Pretreatment with
Schisandrin B significantly decreased IL-1p-induced upregu-
lation of inflammatory genes (IL-6 and iNOS) and matrix-
degrading genes (MMP3, MMP13) in rat chondrocytes in a
concentration-dependent manner in both mRNA level and
protein level (Figure 2). Western blot analysis also revealed
that 50 UM Schisandrin B could significantly reverse IL-1[3-
induced downregulation of collagen II, aggrecan, and sox9 in
protein level (Figure 3). In addition, safranin O stain loss
induced by IL-1[3 was effectively restored by 50 WM Schisan-
drin B in rat chondrocytes (Figure 3). Thus, Schisandrin B
could protect rat chondrocytes by inhibiting the IL-1B-induced
matrix-degrading genes expression and promoting cartilage-
gene expression in vitro.

Effect of Schisandrin B on IL-1[3-induced

NF-xB signal activation in chondrocytes
To explore the underlying mechanism of cartilage protec-
tion effect of Schisandrin B, the NF-xB signal activation
was investigated by detecting the status and location of its
key effector p65. The activated status of p65 (phosphor-p65,
p-p65) and total p65 was detected by Western blot. The
results demonstrated that pretreatment with 25 and 50 uM
Schisandrin B significantly reduced the elevation of p-p65/p65
ratio induced by IL- 13 stimulation (Figure 4A and B). Further,
the immunofluorescence analysis revealed that IL-1p-induced
nuclear translocation of p65 was significantly blocked by
pretreatment with 50 uM Schisandrin B in rat chondrocytes
(Figure 4C and D). Taking together, our results demonstrated
Schisandrin B could effectively inhibit IL-1B-induced NF-xB
signal activation in rat chondrocytes in vitro.

Effect of Schisandrin B on IL-1[3-induced

MAPK activation in chondrocytes

The activation of MAPK was investigated by detecting
the phosphorylation of p38, Erk, and Jnk through Western
blot analysis. IL-1p stimulation could significantly activate
MAPK pathway by increasing the p-p38, p-Erk, and
p-Jnk levels, which were reduced by Schisandrin B in a
concentration-dependent manner (Figure 5). The results
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indicated that Schisandrin B could also inhibit IL-1B-induced
MAPK activation in rat chondrocytes.

Effect of Schisandrin B on cartilage

degeneration in rat OA model

To evaluate the effect of Schisandrin B on cartilage degen-
eration in vivo, rat OA model was developed by surgical
resection of medial meniscus. Knee joint cartilage from rats
with intra-articular injection of vehicle exhibited typical
OA features with wearing surface, fissuring in matrix,
decreased chondrocytes, and loss of safranin O stain. How-
ever, few fissuring and safranin O stain loss were observed
in cartilage from rats with intra-articular injection of 50 uM
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Schisandrin B (Figure 6A). The average Mankin’s score
of Schisandrin B group was lower than the OA group with
significant difference (Figure 6B). Immunohistochemistry
also revealed that cox-2 and MMP13 expressions were
significantly reduced in the Schisandrin B group in vivo
(Figure 6C—F). These data demonstrated Schisandrin B could
ameliorate OA progress in the rat model.

Discussion

OA is the most prevalent form of joint disease in elderly
population, which often leads to chronic pain and joint
disability. Currently, the main purpose of OA treatment in
clinical practice is to control the symptoms, and a replacement
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Figure 2 Effect of Schisandrin B on IL-IB-induced inflammatory genes and MMPs expression in rat chondrocytes.

Notes: Chondrocytes were pretreated with Schisandrin B at different concentrations for | hour and then incubated with or without IL-13 (10 ng/mL) for 48 hours. RT-PCR
analysis (A-D), Western blot analysis (E), and quantitative analysis of Western blots (F-I) of MMP3, MMP13, IL-6, and iNOS gene expression. *p<0.05 versus control group.
*»<<0.05 versus model group.

Abbreviations: GAPDH, glyceraldehyde 3-phosphate dehydrogenase; iNOS, inducible nitric oxide synthase; MMP, matrix metalloproteinase; RT-PCR, real-time polymerase
chain reaction.
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Figure 3 Effect of Schisandrin B on IL-1f-induced cartilage phenotype loss in rat chondrocytes.

Notes: Western blot analysis (A) and relevant quantitative analysis (B—D) of Collagen Il, aggrecan, and sox9 expressions with different treatment for 48 hours. #p<<0.05
versus control group. ¥p<<0.05 versus model group. (E) Gross view of safranin O stained chondrocytes with different treatment for 48 hours in 12-well plates. (F) Microscopic
images of safranin O-stained chondrocytes with different treatment for 48 hours in 12-well plates. Scale bar =200 uM.

Abbreviation: GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Western blot analysis (A) and relevant quantitative analysis (B) of p65 and p-p65 in chondrocytes. (C) The quantitative data of p65 nuclear location/total ratio as imaged in (D).
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phosphor-p38.

surgery is always needed in end-stage disease. Nonsteroidal
antiinflammatory drugs (NSAIDs) is used extensively in
the treatment of OA to relieve chronic pain and swelling,
whereas the cartilage degeneration could not be effectively
ameliorated. However, long-term use of NSAIDs may result
in serious side effects. Thus, effective and safe therapeutic
agents are required in the treatment of OA. Schisandrin B,
the main active component derived from S. chinensis, has
been reported to exhibit anti-inflammatory properties in
inflammatory bowel disease, neuroinflammatory damage,
and acute lung injuries.!* !¢ For the first time, to the best of
our knowledge, we report the protective effect of Schisandrin
B on cartilage degeneration via suppression of NF-kB and
MAPK pathways in this study.

OA is now considered a disease of the whole joint with car-
tilage degeneration, synovial inflammation, and subchondral

sclerosis.”* Among these, the degeneration of cartilage
plays central role in OA development. The cartilage matrix
synthesis and degradation are dynamic balanced in normal
joints, whereas the inflammatory factors like IL-1f can
break the homeostasis by upregulation of matrix-degrading
genes including the MMPs and downregulation of matrix-
synthesizing genes like collagen I1, aggrecan, and sox9.4+2"-22
Inhibition of MMPs expression and chondrocyte inflamma-
tion was a demonstrated therapeutic effect in OA.** Our
data revealed that Schisandrin B could significantly reduce
the IL-1B-induced inflammatory and matrix-degrading genes
expression including IL-6, iNOS, MMP3, and MMP13.
Moreover, IL-1B-induced downregulation of collagen II,
aggrecan, and sox9 could be restored by Schisandrin B
as well. These data indicated that Schisandrin B had an
antidegenerative role in chondrocytes in vitro. The effect
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Figure 6 Effect of Schisandrin B on cartilage degeneration in rat OA model.

Notes: (A) Microscopic images of safranin O stained rat knee joint sections. Scale bar =200 uM. (B) Makin’s score of OA group and Schisandrin B group. Immunohistochemistry
and quantitative analysis against Cox-2 (C, D) and MMPI3 (E, F); Scale bar =50 puM. *p<<0.05.

Abbreviations: MMP, matrix metalloproteinase; OA, osteoarthritis.

of Schisandrin B on cartilage degeneration in vivo was also
investigated, and the results further confirmed the protective
role of Schisandrin B by ameliorating cartilage erosion and
reducing matrix degeneration.

The mechanism of cartilage degeneration is complicated,
and many signal pathways are involved. Because of the vital
role in chondrocyte inflammation, cartilage degradation,
and MMPs regulation,®® NF-kB and MAPK pathways were
focused in our study. In rest status, p65 resides with its inhibi-
tor IKB in cytoplasm. When stimulated by inflammatory
factors like IL-1P, p65 is freed with increased phosphoryla-
tion and quickly translocates to nucleus, where p65 promotes
plenty of inflammatory gene expressions such as MMPs,
iNOS, cytochrome ¢ oxidase subunit 2, and IL-6.2° Our results
revealed that Schisandrin B inhibited p65 phosphorylation
and nuclear translocation, indicating a suppressive role of
NF-xB pathway in chondrocytes. This is in accordance with
other researches which demonstrated Schisandrin B inhibited

NF-xB pathway in microglia cells'> and lymphocytes.?’
Conventional MAPKs mainly include the ERK1/2, Jnk,
and p38, which can be activated by phosphorylation from
upstream signals.”® According to the Western blot data,
we demonstrated Schisandrin B could decrease the IL-1B-
induced phosphorylation of Erk, p38, and Jnk, thus inhibit-
ing MAPK signal. Therefore, the underlying mechanism of
Schisandrin B in preventing cartilage degeneration is asso-
ciated with the inhibition of NF-kB and MAPK pathways.
However, it is still unknown whether NF-kB and MAPK are
direct targets of Schisandrin B. Further studies are needed
to elucidate the exact mechanism by which Schisandrin B
regulates NF-xB and MAPK signal pathways.

Conclusion

Our study is the first to demonstrate that Schisandrin B
inhibited chondrocytes inflammation in vitro and ameliorated
cartilage degeneration in vivo via suppression of NF-xB and
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MAPK signal pathways. Our findings indicate a therapeutic
potential of Schisandrin B in OA treatment.
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