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Protective Effects of Sweroside on I1L-13-Induced Inflammation
in Rat Articular Chondrocytes Through Suppression of NF-«kB
and mTORCI1 Signaling Pathway

Rui Zhang,' Chao-min Wang,> Hua-ji Jiang,® Xing-gui Tian,* WenJun Li,> Wei Liang,’
Jianhua Yang,3 Chunlan Zhong,3 Yuhui Chen,s’6 and Tao Li>®

Abstract— Sweroside (SW), as a bioactive herbal ingredient, has anti-inflammatory effects.
Protective effects of SW on IL-13-stimulated articular chondrocytes, however, has not been
fully understood. This study was to explore the anti-inflammatory effects and further to
investigate the possible mechanism underlying SW effect on IL-1{3-stimulated rat articular
chondrocytes. Rat articular chondrocytes were cultured with or without SW for 1 h, and then
stimulated with IL-1f3 for 24 h. ELISA analysis was used to measure the production of NO
and PGE2. Western blot was to detect the expression of iNOS and COX-2. Furthermore, the
mRNA expression of MMP-1, MMP3, MMP13, and ADAMTS-5 were measured by q-PCR.
These results demonstrated that SW significantly inhibited IL-13-induced NO and PGE2
production, as well as MMP-1, MMP3, MMP13, and ADAMTS-5 mRNA expression.
Moreover, SW also suppressed IL-1[3-induced NF-kB activation and ik-B degradation,
S6K1 and S6 phosphorylation. In conclusion, these results strongly demonstrated that the
anti-inflammatory activity of SW is in part mediated by suppressing NF-kB and mTORC1

signaling, which was expected to be a promising drug target of osteoarthritis therapy.
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INTRODUCTION

Osteoarthritis (OA) is a progressive degeneration of joint
tissues, loss of articular cartilage, and inflammation of
synovium [1-3]. It is widely accepted that inflammatory
mediators have been involved in the development and pro-
gression of OA [4, 5]. Interleukin-13 (IL-1(3), one of major
inflammatory mediators, exerts a vital role in the pathogenesis
of OA [6, 7]. Previous studies showed that the chondrocytes
stimulated by IL-13 can markedly increase the production of
inflammatory mediators, among which are NO, PGE,, COX-
2, and iNOS [8, 9]. In addition, IL-13 could also stimulate
chondrocytes to release several proteolytic enzymes, includ-
ing the matrix metalloproteinases (MMPs) and a disintegrin
and metalloproteinase with thrombospondin motifs
(ADAMTS) [10, 11]. The MMPs and ADAMTS activities
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are involved in degradation of the extracellular matrix in
articular cartilage during the development of OA [5, 12].
Consequently, recent studies have explored to inhibition of
IL-13 and IL-13-induced inflammatory mediators for the
prevention and treatment of OA [6, 10, 13, 14].

Sweroside (SW), an iridoid glycoside, has been
exhibiting diverse biological activities, such as anti-fungal,
anti-diabetic, anti-inflammatory, and anti-tumor effects [15—
17]. Previous studies reported that SW ameliorated liver
injury by decreasing oxidative damage and inhibiting the
production of pro-inflammatory kinases [18, 19]. Recently,
SW could also ameliorate oc-naphthyl isothiocyanate-
induced cholestatic liver injury in mice by regulating bile
acids and suppressing pro-inflammatory responses [20]. In
another study, SW has displayed bright prospects in preven-
tion and therapy of osteoporosis [21]. However, the anti-
inflammatory effects and the possible mechanism of SW on
articular chondrocytes stimulated with IL-13 are not fully
understood. Therefore, this study aimed to investigate the
anti-inflammatory effects and further to explore the mecha-
nism of SW on IL-1{3-stimulated rat articular chondrocytes.

MATERIALS AND METHODS

Chemicals and Reagents

SW (purity >98%) and cell counting kit-8§ (CCKS)
were obtained from Sigma Chemical Co. St. Louis, MO,
USA. Primary antibodies specific against PCNA, Cyclin-
DI, B-actin, iNOS, COX-2, p65, p-p65, IkB, p-IkB, S6K 1,
and S6 were purchased from Santa Cruz Biotechnology
(Santa Cruz, NYCA,USA). Enzyme-linked immunosor-
bent assay (ELISA) kits of PGE,, MMP-1, MMP-3,
MMP-13, and ADAMTSS were obtained from R&D sys-
tems (Minneapolis, MN, USA). Recombinant rat IL-1f3
was purchased from PeproTech (NJ, USA).

Cell Culture

Primary rat chondrocytes were isolated from the
knees and femoral heads of 4-week-old Sprague-Dawley
(SD) rats under sterile conditions. Well-preserved rat car-
tilage was washed with PBS containing penicillin/
streptomycin solution three times, and then cut into small
pieces. Cartilage pieces were digested primarily with
0.25% Trypsin-EDTA solution for 30 min and subsequent-
ly with 0.2% collagenase type II in Dulbecco’s modified
Eagle’s medium (DMEM) for 2 h at 37 °C. The released
articular chondrocytes were resuspended in DMEM con-
taining 10% FBS and seeded onto a 25-cm? culture flask at
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37 °C in a humidified atmosphere of 5% CO,—95% air. Up
to approximately 90% confluency, chondrocytes were
passaged at a ratio of 1:3. To avoid the phenotype loss,
passages 1-3 chondrocytes were used in our experiments.

Cell Viability/Proliferation Assays

The CCKS assay was used to assess the cytotoxicity of
SW on rat chondrocytes. The cells were seeded onto 96-well
culture plates at 1 x 10° cells/well and allowed to adhere
overnight at 37 °C. Following incubation, cells were treated
with various concentrations (0.1, 1, 10, 100 ug/ml) of SW
and stimulated with IL-13 (10 ng/ml). For 24 h, the culture
medium was removed and then 10 pug/100 pul CCK8 was
added to each well for incubation at 37 °C for 4 h. The optical
density was measured at 450 nm using a microplate reader.

ELISA Assay

The levels of PGE2 in the culture medium were
detected using ELISA kits (R&D Systems, Minneapolis,
MN) according to the manufacturer’s instructions.

NO Measurement

As described previously in many studies [22, 23] and
our previous study [24], rat chondrocytes were treated with
the indicated concentrations of SW 1 h prior to stimulation
of IL-1f3 (10 ng/ml) for 24 h. The culture supernatants were
collected for measuring nitrite production by the Griess
reagent assay according to the instructions. Briefly, the
supernatants were mixed with an equal volume of the
Griess reagent and then incubated for 30 min. Optical
density was measured at 540 nm.

Quantitative PCR (q-PCR)

Total RNA was extracted from rat chondrocytes
with Trizol® reagent (Life Technologies, GrandlIsland,
NY). A total of RNA (1 pg) was used to synthesize
complementary DNA (cDNA) with a complementary
DNA synthesis kit (Takara Biotechnology Co Ltd., Da-
lian, China). Quantitative real-time PCR was performed
in duplicate using the SYBR Premix ExTaq II kit (Takara
Biotechnology Co Ltd) and a Rotor-Gene Qthermal cy-
cler (Qiagen, Hilden, Germany). The primer sequences
(Life Technologies) are shown in Table 1. The thermal
cycling conditions were as follows: 1 cycle of 95 °C for
30 s, followed by 40 cycles of 95 °C for 5 s, 60 °C for
20 s, and 72 °C for 15 s. Expression levels were normal-
ized to those of endogenous GAPDH, and the data were
analyzed using the 2~ method.



498 Zhang, Wang, Jiang, Tian, Li, Liang, Yang, Zhong, Chen, and Li

Table 1. The Primers Used for the Real-Time PCR

Gene FP(5-3) RP(5-3) Fragments (bp)
MMP1 CCAGGTATTGGAGGGGATGC CCAAGGGAATGGCCCAGTT 110

MMP3 AATCCCCTGATGTCCTCGTGGTA GGTCCTGAGAGATTTTCGCCAA 161

MMPI13 TATGACTATGCGTGGCTGGA CCATTTGTGGTGTGGGAAGT 129
ADAMTS5 TGTGAAGAGACCTTTGGTTCC TTCTGTGATGGTGGCTGAAG 172

GAPDH TGGAGTCTACTGGCGTCTT TGTCATATTTCTCGTGGTTCA 138

Western Blot SW Attenuates IL-13-Induced Production of NO and

Total protein was extracted from rat chondrocytes
using RIPA lysis buffer, and the protein concentration
was determined by BCA protein assay kit according to
the instructions (Thermo Scientific; IL, USA). A total of
protein (30 pg) was separated by 12% SDS-PAGE and
then transferred onto PVDF membranes. The membranes
were probed with primary antibodies, after being incubated
with 5% BSA for 2 h at room temperature. Subsequently,
the membranes were incubated with horseradish
peroxidase-conjugated secondary antibody for 1 h, and
signals were revealed using an enhanced chemilumines-
cence kit (Cell Signaling Technology).

Statistical Analysis

These data are shown as the mean £ SD. One-way
ANOVA and Student’s ¢ test were used to analyze statisti-
cal differences among treatment groups. P < 0.05 was con-
sidered statistically significant.

RESULTS

SW Showed No Cytotoxicity Effects on Rat
Chondrocytes

The cytotoxicity of SW on rat chondrocytes was
assessed by CCK8 assay and western blots. At the three
different concentrations (0.1, 1, 10 pg/ml), these results
showed that SW had no cellular toxicity on chondrocytes
(Fig. 1a). Moreover, the cell-proliferative protein PCNA
and cell cycle protein cyclin-D1 had also no effect on the
protein expression level at the three different concentra-
tions (0.1, 1, 10 pg/ml) (Fig. 1b). However, SW is cyto-
toxic at the concentration 100 pg/ml, which has signifi-
cantly difference compared that at the three different con-
centrations (0.1, 1, 10 pg/ml). Thus, SW at the three
concentrations (0.1, 1, 10 pg/ml) were selected in subse-
quent experiments.

PGE2

In rat chondrocytes, the protective effects of SW on
IL-13-induced inflammatory mediators, NO, and PGE2
production were determined by ELISA. As shown in
Fig. 2a, b, IL-13 treatment significantly induced of NO
and PGE2 production in rat chondrocytes compared to
control. However, the groups treated with different con-
centrations (0.1, 1, 10 pug/ml) SW attenuated NO (36.6%,
47.2%, 82.6%, respectively) and PGE2 (9.6%, 41.4%,
66.2%, respectively) production induced by IL-1f3 in a
dose-dependent manner (Fig. 2a). Furthermore, IL-1[3-
induced the protein expressions of iNOS and COX-2 were
evaluated by western blots. Similarly, SW also suppressed
the expression level of iNOS (28.9%, 90.8%, 536.0%,
respectively) and COX-2 (30.5%, 76.8%, 480.0%, respec-
tively) protein in a dose-dependent manner, compared with
the group treated with IL-1f3 in rat chondrocytes (Fig. 2b).

SW Inhibits IL-13-Induced MMP-1, MMP-3, MMP-
13, and ADAMTS-5 Production

IL-1f3 is well known as the central inflammatory me-
diator of cartilage loss in OA, which was induced to upreg-
ulate the expression level of major extracellular proteolytic
enzymes, such as MMPs, ADAMTS. To examine whether
SW has effects on the gene expression of MMPs, ADAMTS
induced by IL-13. The mRNA expression level of MMP-1,
MMP-3, MMP-13, and ADAMTS-5 were determined by g-
PCR. As the data show (Fig. 3), the mRNA expression level
of MMP-1, MMP-3, MMP-13, and ADAMTS-5 increased
significantly in the group treated with IL-1{3 compared to
the control group. As expected, the groups treated with SW
in a concentration-dependent manner significantly inhibited
the MMP-1 (22.6%, 53.2%, 84.2%, respectively), MMP-3
(28.2%, 46.8%, 82.0%, respectively), MMP-13 (30.2%,
54.8%, 83.0%, respectively), and ADAMTS-5 (39.0%,
57.6%, 77.1%, respectively) mRNA expression level stim-
ulated by IL-1{3 in rat chondrocytes.
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Fig. 1. Effects of SW on cell viability of rat chondrocytes. a The CCKS8 assay demonstrated that SW had no cellular toxicity on rat chondrocytes at the three
different concentrations (0.1, 1, 10 pg/ml). b SW had also no effect on the proliferative proteins(PCNA and cyclin-D1) expression at the three different
concentrations (0.1, 1, 10 ug/ml). SW Sweroside; CCKS cell counting kit-8.

SW Suppresses IL-13-Induced NF-kB Activation and whether SW has anti-inflammatory protective effect on
ikB Degradation rat chondrocytes treated with IL-13 mediated by NF-xB
activation and ik-B degradation. As shown in Fig.4, the
group treated with IL-1f3 significantly upregulated NF-xB
p65 phosphorylation, not the total NF-kB p65 protein level

Previous studies demonstrated that IL-1{3 can initiate
several signal transduction pathways, such as NF-«B acti-
vation and ik-B degradation. Therefore, we examined
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Fig. 2. SW attenuates IL-13-induced NO and PGE2 production. a, b The Elisa data suggested that SW attenuated the production of NO (36.6%, 47.2%,
82.6%, respectively) and PGE2 (9.6%, 41.4%, 66.2%, respectively) induced by IL-1{3 in a dose-dependent manner (0.1, 1, 10 pg/ml). ¢ Then, western blots
also demonstrated that SW suppressed the protein expression of iNOS (28.9%, 90.8%, 536.0%, respectively) and COX-2 (30.5%, 76.8%, 480.0%,
respectively) in IL-1{3-stimulated chondrocytes in a dose-dependent manner (0.1, 1, 10 pg/ml). SW, Sweroside.

compared to the control group. While SW treatment in a
dose-dependent manner attenuated NF-«kBp65 phosphory-
lation (18.4%, 44.5%, 72.7%, respectively) induced by IL-
13 in rat chondrocytes. As expected, ikB phosphorylation
(17.5%, 33.8%, 60.8%, respectively) in the group treated
with SW, as inhibitor of NF-kB, was also downregulated in
a dose-dependent manner.

SW Has Effects on IL-13-Induced S6K1 and S6
Phosphorylation

Moreover, to further clarify the effects of SW on
possible signal transduction pathways, S6K 1 andS6 phos-
phorylations induced by IL-13 were analyzed by western
blots. As shown in Fig. 5, these results demonstrated that

presence of SW in different concentrations (0.1, 1,
10 pg/ml) significantly inhibited IL-13-induced S6K1
(17.7%, 34.1%, 45.2%, respectively) and S6 phosphoryla-
tion (4.3%, 22.5%, 80.8%, respectively) in a dose-
dependent manner.

DISCUSSION

In the study, the anti-inflammatory effects and possi-
ble underlying mechanism of SW on rat articular
chondrocytes stimulated with IL-13 were investigated.
Our results demonstrated that SW attenuates inflammation
induced by IL-1f3, including inhibiting NO and PGE2
production, as well as iNOS and COX-2 expression at the



Protective Effects of Sweroside

E MMP-3
3 81 +
o
*%
S 4 T
nE: *%
: i
L o I = :
"N
2 SRS NS
& Vs
NN N
QXQ' \QX Qx\
N \\
c
(] ADAMTS-5
® 8-
o +
S
g 6 T
w *
% 4 sk
Kok
£
>
S B
AN
e SRS
SR
& TS
N3 W
NS SRS
Q % X
Qx N '&
’ \\’ \V’

501

MMP-13
10

O D 4 O o
—

Relative mRNA Expression

Relative mRNA Expression

Fig. 3. SW inhibits MMP-1, MMP-3, MMP-13, and ADAMTS-5 production induced by IL-1[3. Compared with the control group, SW had a concentration-
dependent (0.1, 1, 10 pg/ml) inhibitory effect on a MMP-1 (22.6%, 53.2%, 84.2%, respectively), b MMP-3 (28.2%, 46.8%, 82.0%, respectively), ¢ MMP-13
(30.2%, 54.8%, 83.0%, respectively), and d ADAMTS-5 (39.0%, 57.6%, 77.1%, respectively) mRNA expression level in rat chondrocytes treated with IL-
13. SW Sweroside, MMP matrix metalloproteinase, ADAMTS-5 a disintegrin and metalloproteinase with thrombospondin motifs 5.

protein level, MMP-1, MMP-3, MMP-13, and ADAMTS-5
at the mRNA level in rat articular chondrocytes. The un-
derlying mechanism of SW effects on rat articular
chondrocytes was via suppressing IL-1{3-inducing NF-«kB
and mTORCI1 activation, which suggest that SW could be
a promising drug target of OA therapy.

Accumulating studies showed that IL-1[3 exerted vital
roles in the pathophysiology of OA [6, 10, 13]. Elevated IL-
13 is detected in synovial fluid from patients with OA,
which could cause cartilage degradation and pain [25]. It
is well known that chondrocytes treated with IL-13 can
induce increasing inflammatory mediators, including NO
and PGE, [26, 27]. In the chondrocytes, IL-1(3 can mark-
edly increase the production of NO_ which simulates the
production of MMPs and inflammatory cytokines including
PGE,. Moreover, PGE, has been involved in cartilage

matrix degradation via enhancing MMPs activity [28]. Ac-
cumulating studies showed that it can attenuate the devel-
opment and progression of OA through suppression of
inflammatory mediators such as NO, PGE,, iNOS, and
COX-2[6, 10, 11, 13]. In this study, our results demonstrat-
ed that SW significantly inhibited the production of NO and
PGE2 induced by IL-1f in the rat chondrocytes. Further-
more, the other inflammatory mediators, iNOS and COX-2
proteins, were also suppressed by SW in a dose-dependent
manner. Moreover, SW also markedly inhibited IL-1{3-
induced MMP-1, MMP-3, MMP-13, and ADAMTS-5 at
the mRNA expression level. These results indicated that
SW had anti-inflammatory effects against OA.

NF-kB, as a central transcription factor, regulates the
expression of inflammatory mediators that has been asso-
ciated with the pathogenesis of OA [29, 30]. Upon
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Fig. 4. SW suppresses IL-13-induced NF-«B activation and ikB degradation. Compared to the control group, SW dose dependently attenuated IL-1[3-
induced NF-kB p65 phosphorylation (18.4%, 44.5%, 72.7%, respectively) in rat chondrocytes. Moreover, ikB phosphorylation (17.5%, 33.8%, 60.8%,
respectively), as inhibitor of NF-«kB, was also suppressed by SW in a dose-dependent manner (0.1, 1, 10 pg/ml). SW Sweroside.

stimulation by IL-1, NF-kB dissociates from cytoplasm,
and then translocates to nucleus to exert its functions that
upregulates varieties of inflammatory mediators, such as
NO, PGE2, iNOS, COX-2, MMPs, and ADAMTS [31,
32]. It has been involved in cartilage inflammation and
contributes to the process of OA. Previous studies showed
that targeted inhibition of NF-«B activation is a promising
approach to treat for OA [31, 33]. Therefore, we further
investigated whether the possible underlying mechanism
of SW effecting on OA was via NF-kB signaling pathways.
The effects of SW on NF-«B activation were determined at
the protein expression level. As expected, our results
showed that SW significantly inhibited NF-«kB activation
induced by IL-1{3 in the rat chondrocytes. It markedly
suppressed phosphorylation of NF-kB P65, as well as ik-
B degradation in dose-independent manner. These results
suggested that SW exerts its anti- inflammatory effects via
suppression of NF-kB signaling pathway in OA.

The mammalian target of rapamycin complex 1
(mTORC1) plays critical roles in regulating cell growth,
survival and metabolism [34]. Phosphorylation of ribo-
somal S6 protein kinase (S6) and 4E-BP1, as two key
factors in translation initiation, are especially important
for mTORCI protein function stimulating protein synthe-
sis to promote cell growth. Recent studies have reported
that mTORCI1 exerts vital effects on chondrocyte metabo-
lism and has been involved in the pathophysiology of OA
[35, 36]. In mouse models, it has been shown that cartilage-
specific deletion of mTOR, as well as pharmacological
mTORCI inhibitor, were both benefiting from experimen-
tal OA mouse. Furthermore, mTORC1 suppression can
activate autophagy, leading to a reduction in OA process
[37]. Therefore, we proposed a hypothesis that inhibition
of mTORCT activation has been involved in delaying the
process of OA. Interestingly, our results found that S6 and
S6K 1 proteins were downregulated by SW, suggesting that
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Fig. 5. Effects of SW on IL-13-induced S6K1 and S6 phosphorylation. SW significantly also inhibited IL-1{3-induced S6K1 (17.7%, 34.1%, 45.2%,
respectively) and S6 phosphorylation (4.3%, 22.5%, 80.8%, respectively) in a dose-dependent manner (0.1, 1, 10 pug/ml). SW Sweroside, S6K1 p70

ribosomal S6 kinase 1, S6 p70 ribosomal S6.

SW suppressed the development of OA by inhibiting
mTORCI signaling. However, the exact mechanism un-
derlying SW effect on rat chondrocytes is still unclear.
Further studies are needed to investigate the exact mecha-
nism of SW effect on OA in rat chondrocyte.

CONCLUSION

Taken together, our data demonstrated that SW has
anti-inflammatory effects on rat chondrocytes treated with
IL-13. It significantly inhibits IL-1p-induced NO and
PGE, production, suppressing iNOS, COX-2 protein at
the expression level, and MMP-1, MMP-3, MMP-13, and
ADAMTS-5 expressions at the mRNA level in rat
chondrocytes. Furthermore, it is proposed that the anti-
inflammatory molecular mechanism of SW is through
inhibiting NF-kB and mTORC]1 activation, which

suggested that SW may be served as a promising drug
target of OA therapy.
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