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Salicin inhibits AGE-induced degradation of type II collagen and aggrecan in
human SW1353 chondrocytes: therapeutic potential in osteoarthritis

Feng Gaoa and Shanyong Zhangb

aDepartment of Orthopedics, The Second Hospital of Jilin University, Changchun, Jilin, China; bDepartment of Spine Surgery, The Second
Hospital of Jilin University, Changchun, Jilin, China

ABSTRACT
Osteoarthritis (OA) is a major age-related disease, which may be caused by the accumulation of
advanced glycation end-products (AGEs). Excessive degradation of type II collagen and aggrecan by
matrix metalloproteinases (MMPs) and a disintegrin and metalloproteinase with thrombospondin type
1 motif (ADAMTS) induced by AGEs is a pivotal event in the pathogenesis of osteoarthritis. In addition,
activation of the nuclear factor-jB (NF-jB) pathway induces the expression of a cascade of proinflam-
matory cytokines, such as interleukin (IL)-1b and tumor necrosis factor-a (TNF-a). In the present study,
we investigated the effects of salicin, one of the main constituents of aspirin and a derivative of
Alangium chinense, on AGE-induced degradation of the articular extracellular matrix in SW1353 human
chondrocytes. Our findings reveal a novel beneficial role of salicin in rescuing degradation of type II
collagen and aggrecan, reducing oxidative stress, attenuating expression of proinflammatory cytokines,
and inhibiting activation of the NF-jB proinflammatory signaling pathway in chondrocytes stimulated
with AGEs. Salicin may thus have potential as a safe and effective therapy against the development
and progression of OA.
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Introduction

Salicin is a prodrug of acetylsalicylic acid, a main constituent
of aspirin and can be derived from the stems and roots of
Alangium chinense (Lour.) Harms. (Alangiaceae), a common
evergreen shrub native to east and southeast Asia [1].
Alangium chinense has long been used in traditional Chinese
medicine (TCM) to treat rheumatic disease, snake bites, circu-
latory issues, hemostasis, and toxicity, it is also used as a
contraceptive or analgesic and to promote wound healing
[2,3]. Records of the use of willow bark, another common
source of salicylic acid, have been found dating back to the
3rd century B.C. [4]. Numerous substances can be derived
from the rhizome, roots, stems, leaves, or flowers of
Alangium chinense such as alkaloids, sugars, saponins, ste-
roids, triterpenes, anthraquinones, and glycosides including
salicin [2,5,6] Recently, research has focused on methods of
extraction of salicin and its potential therapeutic applications
[6–8] As a prodrug, salicin is hydrolyzed to salicyl alcohol and
then oxidized to salicylic acid in the gut [9]. As a metabolite
of salicin, salicylic acid inhibits the activity of cyclo-oxygenase
(COX), which plays a major role in regulating pain, fever, and
inflammation by metabolizing arachidonic acid, a prostaglan-
din precursor [10]. However, to the best of our knowledge,
this is the first time that the potential effects of salicin have
been explored in osteoarthritis (OA). OA is characterized by

chronic inflammation and irreversible cartilage destruction,
which takes a massive toll on patients’ quality of life and
mobility. The main risk factor for OA is age, in part due to
the accumulation of advanced glycation end-products (AGEs).
AGEs came to exist in the body as a byproduct of the innate
process of non-enzymatic glycation as well as via dietary
intake, as AGEs are used as a food preservative owing to
their high resilience to degradation [11,12]. Some of the fac-
tors involved in the development and progression of OA
include oxidative stress, secretion of proinflammatory cyto-
kines, recruitment of immune cells, degradation of cartilage
and activation of proinflammatory signaling pathways, all of
which are demonstrated to be triggered by exposure
to AGEs.

The cartilage extracellular matrix (ECM) is primarily com-
posed of type II collagen and aggrecan. Excessive degrad-
ation of type II collagen resulting from overexpression of
proteolytic enzymes including matrix metalloproteinases
(MMPs) by chondrocytes is a major event in the pathogenesis
of OA. Of these, collagenases (MMP-1 and MMP-13) cleave
the type II collagen triple helix at the site between residues
776 and 778, while stromelysin 1 (MMP-3) cleaves denatured
collagen within the telopeptides [13]. Exposure to AGEs has
been shown to increase the expression of MMP-1, MMP-3,
and MMP-13 in human osteoarthritic chondrocytes [14].
Aggrecan is degraded by a disintegrin and metalloproteinase
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ADAMTS-5 were measured by the ELISA assay using commer-
cial kits from R&D Systems in accordance with the manufac-
turer’s instructions. Secretions of HMGB-1 were measured
using the HMGB-1 ELISA Kit (Shino Test Corporation, Tokyo,
Japan) according to the manufacturer’s protocols. Results
were recorded using a 96-plate reader spectrometry.

Luciferase activity assay

A luciferase assay was used to determine the transcriptional
capacity of NF-jB. Briefly, cells were co-transfected with the
NF-jB promoter and a firefly luciferase promoter vectors
using the Lipofectamine 2000 (#11668027, Invitrogen,
Carlsbad, CA, USA). 24 hours after transfection, cells were
treated with 100 lg/ml AGEs in the presence or absence of
50 and 100 lM salicin for 48 h. The dual luciferase activity of
renilla and firefly luciferase was measured with a dual lucifer-
ase reporter assay system kit (Promega, Madison, WI, USA).

Statistical analysis

Results are shown as the mean± standard deviation (SD).
Differences among different treatment groups were analyzed
by one-way analysis of variance (ANOVA). p< .05 was consid-
ered as statistically significant differences.

Results

Salicin reduces oxidative stress in SW1353 cells

Cellular oxidative stress is a result of the accumulation of
AGEs and can be measured based on cellular production of
reactive oxygen species (ROS) and oxidative protein carbony-
lation [16]. Here, we investigated the effects of treatment
with salicin on SW1353 cells exposed to 100 ng/ml AGEs. As
shown in Figure 1(A), 100 ng/ml AGEs gave rise to more than
3-fold production of ROS by SW1353 cells, while treatment
with 50 and 100mM salicin significantly reduced the level of
ROS in a dose-dependent manner to only roughly 2.2- and
1.3-fold, respectively. Concordantly, exposure to 100 ng/ml
AGEs increased the level of carbonylated protein by roughly
3-fold, which was reduced to approximately 2.2- and 1.2-fold
by treatment with 50 and 100 mM salicin in a dose-dependent
manner (Figure 1(B)). These findings demonstrate the ability
of salicin to ameliorate markers of oxidative stress induced
by AGEs in SW1353 human chondrocytes.

Salicin attenuates secretion of proinflammatory
cytokines and chemokines

Proinflammatory cytokines and chemokines play a major role
in the inflammatory response in OA. Expression of IL-1b indu-
ces production of the proinflammatory cytokine TNF-a and
has been shown to be increased in OA [17]. In addition,
expression of the proinflammatory chemokine MCP-1 perpet-
uates inflammation by recruiting macrophages to joint tis-
sues and has been shown to play a unique role in the
pathology of OA [18]. In the present study, we measured the
effect of salicin on AGE-induced expression of IL-1b, TNF-a,
and MCP-1 in SW1353 human chondrocytes. Briefly, chondro-
cytes were exposed to 100 ng/ml AGEs in the presence or
absence of 50 and 100 mM salicin for 48 h. As demonstrated
by the results of real-time PCR and ELISA analysis in Figures
2(A,B), respectively, exposure to AGEs increased the mRNA
and protein levels of all three of these factors by roughly 4-
and 3-fold. However, salicin caused a significant reduction in
the expression of IL-1b, TNF-a, and MCP-1 at both the mRNA
and protein levels in a dose-dependent manner, with 100 mM
salicin returning protein levels of the three factors to close to
baseline (Figure 2(B)).

High-mobility group protein 1 (HMGB-1) has been shown
to play a role in regulating inflammation in diverse tissues
and disease states by activating cells via RAGE, among other
surface receptors [19–21]. Here, we endeavored to determine
the effects of salicin on the expression of HMGB-1 in SW1353
cells. As demonstrated by the results of ELISA analysis in
Figure 3, exposure to 100 ng/ml AGEs induced roughly 3-fold
expression of HMGB-1, which was ameliorated by treatment
with 50 and 100 mM salicin in a dose-dependent manner.

Salicin prevents degradation of type II collagen by
MMP-1/3/13

Inhibition of degradation of type II collagen by MMPs includ-
ing MMP-1, MMP-3, and MMP-13 is a popular target for the

Figure 1. Salicin treatment suppressed AGE-induced oxidative stress in human
SW1353 chondrosarcoma cells. Human SW1353 cells were treated with 100 lg/
ml AGEs in the presence or absence of 50 and 100lM salicin for 48 h. (A).
Intracellular ROS was determined by the DCFH-DA assay; (B). The protein car-
bonyl content was determined by the 2, 4-dinitrophenyl-hydrazine (DNPH) assay
(a, b, c, p< .01 vs. previous column group).
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prevention and treatment of OA. Here, we endeavored to
determine the effects of salicin on AGE-induced degradation
of type II collagen by MMPs. Briefly, using b-actin as a posi-
tive control, human SW1353 chondrocytes were exposed to
100 ng/ml AGEs in the presence or absence of 50 and 100mM
salicin for 48 h. As demonstrated by the results of Western
blot analysis in Figure 4, exposure to AGEs significantly
increased degradation of type II collagen which was amelio-
rated by 50 and 100 mM salicin in a dose-dependent manner.
Concordantly, the results of real-time PCR and ELISA in
Figure 5(A,B), respectively, demonstrate that salicin success-
fully rescued AGE-induced increased expression of MMP-1,
MMP-3, and MMP-13 in a dose-dependent manner.

Salicin prevents degradation of aggrecan by ADAMTS-
4/5

To further confirm the beneficial effect of salicin against
AGE-induced degradation of articular ECM, we measured the
degradation of aggrecan using b-actin as a control. As dem-
onstrated by the results of Western blot analysis in Figure 6,
exposure of SW1353 chondrocytes to 100 ng/ml AGEs for
48 h resulted in a significant increase in degradation of

aggrecan, reducing the level of aggrecan by roughly 50%,
which was prevented by treatment with 50 and 100 mM sali-
cin in a dose-dependent manner. Concordantly, the results of
real-time PCR and ELISA analysis shown in Figures 7(A,B),
respectively, demonstrate that exposure to 100 ng/ml AGEs
for 48 h also significantly increased levels of ADAMTS-4 and
ADAMTS-5 in SW1353 chondrocytes. However, treatment
with 50 and 100 mM salicin rescued degradation of aggrecan
in a dose-dependent manner, with the higher dose of salicin
returning levels of aggrecan to near baseline.

Salicin inhibits activation of the NF-jB
proinflammatory pathway

Lastly, we set out to determine whether treatment of chon-
drocytes with salicin can prevent AGE-induced activation of
the NF-jB proinflammatory signaling pathway. Briefly,
SW1353 human chondrocytes were exposed to 100 ng/ml
AGEs in the presence or absence of 50 and 100 mM salicin for
48 h, followed by an assessment of nuclear levels of p65 pro-
tein and NF-jB luciferase activity. As demonstrated by the
results of Western blot analysis in Figure 8(A), exposure to
AGEs caused an approximate 3-fold increase in nuclear trans-
location of p65, the precursor of NF-jB activation, which was
attenuated by treatment with salicin in a dose-dependent
manner. Lamin B was used as a positive control in this
experiment. Consistently, the results of NF-jB luciferase
reporter assay show that exposure to AGEs increased activa-
tion of NF-jB by roughly 30-fold, which was significantly
reduced by treatment with 50 and 100 mM salicin in a dose-
dependent manner. These findings demonstrate the potent
ability of salicin to inhibit activation of NF-jB signaling
induced by AGEs.

4. Discussion

Up to now, effective non-invasive therapies against the
development and progression of OA have eluded researchers.
However, by employing methods such as real-time PCR,
ELISA and luciferase assay analyses, we can explore the

Figure 2. Salicin treatment suppressed the expression and secretions of pro-inflammatory cytokines. Human SW1353 cells were treated with 100 lg/ml AGEs in the
presence or absence of 50 and 100lM salicin for 48 h. (A). Expressions of IL-1b, TNF-a, and MCP-1 at the mRNA levels were determined by real time PCR analysis;
(B). Secretion of IL-1b, TNF-a, and MCP-1 was determined by ELISA.

Figure 3. Salicin treatment inhibited the secretion of high-mobility group pro-
tein 1 (HMGB-1). Human SW1353 cells were treated with 100lg/ml AGEs in the
presence or absence of 50 and 100 lM salicin for 48 h. Secretion of HMGB-1
was determined by the ELISA assay (a, b, c, p< .01 vs. previous column group).
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potential of existing drugs as novel inhibitors of OA progres-
sion. In the present study, we employed these methods using
SW1353 human chondrocytes exposed to insult from AGEs
and determined the potential benefit of the widely used
anti-inflammatory agent salicin. Our results indicate that sali-
cin has a significant influence on AGE-induced factors of OA

including oxidative stress, recruitment of immune cells, cartil-
age degradation, and activation of the NF-jB proinflamma-
tory pathway.

Accumulation of AGEs triggers a significant increase in
ROS and carbonylated protein (Figure 1). Oxidative stress and
overproduction of ROS disrupts the balance between

Figure 4. Salicin treatment ameliorated AGEs-induced degradation of type II collagen in human SW1353 cells. Human SW1353 cells were treated with 100 lg/ml
AGEs in the presence or absence of 50 and 100lM salicin for 48 h. Expression of type II collagen was determined by western blot analysis (a, b, c, p< .01 vs. previ-
ous column group).

Figure 5. Salicin treatment ameliorated AGEs-induced expression of MMP-1, MMP-3, and MMP-13 in human SW1353 cells. Human SW1353 cells were treated with
100lg/ml AGEs in the presence or absence of 50 and 100 lM salicin for 48 h. (A). Expression of MMP-1, MMP-3, and MMP-13 at the gene levels was determined by
real time PCR analysis; (B). Expression of MMP-1, MMP-3, and MMP-13 at the protein levels was determined by ELISA (a, b, c, p< .01 vs. previous column group).

Figure 6. Salicin treatment ameliorated AGEs-induced degradation of aggrecan in human SW1353 cells. Human SW1353 cells were treated with 100lg/ml AGEs in
the presence or absence of 50 and 100lM salicin for 48 h. Expression of Aggrecan was determined by Western blot analysis (a, b, c, p< .01 vs. previous col-
umn group).
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pro-oxidants and antioxidants, which has been shown to
exert a myriad of deleterious effects in OA, including senes-
cence and apoptosis of chondrocytes, increased cartilage
degradation, decreased matrix synthesis, synovial inflamma-
tion, and activation of proinflammatory signaling pathways,
including the mitogen-activated protein kinase (MAPK), acti-
vator protein (AP)-1 and phosphatidylinositol-3-kinase (PI3K)/
Akt pathways, and importantly, the nuclear factor (NF)-jB
pathway [22,23]. Carbonylation of protein is an indicator of
irreversible loss of protein function resulting from a high
degree of oxidative damage [24]. The results of our study
indicate that salicin significantly reduced AGE-induced
increased levels of ROS and carbonylated protein at both the
mRNA and protein levels, thus demonstrating the potential
value of salicin in down-regulating oxidative stress.

Expression of proinflammatory cytokines and chemokines
is a major event in the pathogenesis of OA. We confirmed
that exposure to AGEs significantly upregulated expression of
IL-1b, TNF-a, MCP-1, and HMGB-1 in chondrocytes. Previous
research has shown IL-1b and TNF-a to play important roles
OA due to their ability to promote degradation of type II col-
lagen and aggrecan through up-regulating expression of
MMPs and ADAMTS and to perpetuate the inflammatory
response by triggering expression of downstream cytokines
and chemokines, such as MCP-1 [25–27]. In addition, HMGB-1

has been shown to increase the levels of IL-1b and TNF-a in
OA chondrocytes [28,29]. Importantly, our results show that
100 mM salicin significantly attenuates AGE-induced expres-
sion of Il-1b, TNF-a, MCP-1, and HMGB-1, returning the levels
of all of these factors to near basal levels (Figures 2 and 3).
This remarkable inhibition of proinflammatory cytokines and
chemokines suggests that salicin may be applicable for the
treatment of numerous inflammatory diseases including OA.

Degradation of the articular ECM is a hallmark of OA and
is a major target of up and coming OA therapies. Here, we
confirmed that exposure to AGEs significantly increased deg-
radation of type II collagen and aggrecan by up-regulating
the expression of MMP-1, MMP-3, MMP-13, ADAMTS-4, and
ADAMTS-5. Decreasing expression of MMPs is an important
target in OA as type II collagen has an extremely slow rate of
synthesis, and therefore, excessive degradation of type II col-
lagen is virtually irreversible [30]. Our results indicate that
treatment with salicin greatly reduced expression of MMP-1,
MMP-3, and MMP-13, which was further evidenced by partial
preservation of type II collagen by salicin even during an
assault from AGEs (Figures 4 and 5). Furthermore, we demon-
strate that salicin also significantly rescued aggrecan from
degradation due to increased expression of ADAMTS-4 and
ADAMTS-5 induced by AGEs (Figures 6 and 7). These findings
indicate a novel role of salicin in preserving cartilage integrity

Figure 7. Salicin treatment ameliorated AGEs-induced expressions of ADAMTS-4 and ADAMTS-5 in human SW1353 cells. Human SW1353 cells were treated with
100lg/ml AGEs in the presence or absence of 50 and 100 lM salicin for 48 h. (A). Expression of ADAMTS-4 and ADAMTS-5 at the gene levels was determined by
real time PCR analysis; (B). Expression of ADAMTS-4 and ADAMTS-5 at the protein levels was determined by ELISA (a, b, c, p< .01 vs. previous column group).

Figure 8. Salicin treatment inhibits AGEs-induced activation of NF-jB in human SW1353 cells. Human SW1353 cells were treated with 100 lg/ml AGEs in the pres-
ence or absence of 50 and 100 lM salicin for 48 h. (A). Nuclear translocation of p65; Lamin B was used as a positive control; (B). Luciferase activity of NF-jB was
determined (a, b, c, p< .01 vs. previous column group).
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