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Abstract: It is well known that the inflammatory cytokines play important roles in osteoarthritis (OA). Diosgenin is a
steroidal saponin found in several plants including Solanum and Dioscorea species and possesses diverse biologi-
cal activities including anti-inflammatory properties. However, the role of diosgenin in inflammatory responses in OA
chondrocytes is still unclear. Therefore, in this study, we investigated the anti-inflammatory properties of diosgenin
in human OA chondrocytes. We found that diosgenin inhibited the production of nitric oxide (NO) and prostaglandin
E2 (PGE2) induced by interleukin-1-beta (IL-1B). Diosgenin significantly inhibited the IL-1B-stimulated expression
of metalloproteinase-3 (MMP-3), MMP-13, inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) in
human OA chondrocytes. In addition, diosgenin suppressed the degradation of IkB-o in IL-1B-induced human OA
chondrocytes. Taken together, this study showed that diosgenin can effectively inhibit the IL-1B-induced expression

of inflammatory mediators, suggesting that diosgenin may be a potential agent in the treatment of OA.
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Introduction

Osteoarthritis (OA) is the most prevalent form
of joint disease occurring mainly in the elderly
and is characterized by progressive destruction
of articular cartilage, synovial inflammation,
exposure of subchondral bone and osteophyte
formation [1]. In OA joints, pro-inflammatory
cytokines like interleukin-1beta (IL-1B) and
tumor necrosis factor-alpha (TNF-a) secreted
from the infiltrating inflammatory cells and
chondrocytes can be readily detected [2]. Pro-
inflammatory cytokines cause cartilage dam-
age through modulating the expression of
matrix metalloproteinases (MMPs), inducing
proteoglycan degradation [3]. Currently, al-
though nonsteroidal anti-inflammatory drugs
(NSAIDs) have been used clinically for the past
few years to treat OA, these agents ameliorate
the clinical symptoms without inhibiting the
progression of the disease [4]. Therefore, the
identification of a drug that will prevent or inhib-

it the progression of OA would be a significant
advance in patient care.

To date, many attempts have been conducted
to find drugs that may modulate the expression
of MMPs in the hope of using them for thera-
peutic purposes [5-7]. Diosgenin is a steroidal
saponin found in several plants including
Solanum and Dioscorea species. Evidence has
shown that diosgenin plays an important phar-
macological role as an antidiabetic activity [8],
anti-neoplastic activity [9], antioxidant activity
[10], antipropliferative effect [11]. In addition,
the anti-inflammatory properties of diosgenin
were also reported. Jung et al. reported that
pretreatment with diosgenin resulted in the
inhibition of inflammatory mediators in lipopoly-
saccharide (LPS)/interferon gamma (IFN-
gamma)-activated murine macrophage [12].
Another study reported that diosgenin treat-
ment alleviated oxidative stress, inflammatory
and apoptotic markers in monocrotaline-in-
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duced pulmonary hypertension in rats [13].
However, the role of diosgenin in inflammatory
responses in OA chondrocytes is still unclear. In
the present study, we investigated whether
diosgenin exerted anti-inflammatory activities
in human OA chondrocytes.

Materials and methods
Tissue collection

Tissue collection was in accordance with the
terms of the Medical Ethical Committee of the
Affiliated Hospital of Shandong University and
following the guidelines of the Declaration of
Helsinki. Osteoarthritis cartilage tissues were
obtained from OA patients who underwent total
knee joint replacement, at the Affiliated
Hospital of Shandong University. The OA
patients met the American College of
Rheumatology classification criteria for the
diagnosis of OA. Full ethical consent was
obtained from all patients.

Chondrocyte isolation and culture

The isolation of chondrocytes from cartilage
was performed as previously described [14]. In
brief, the full thickness articular cartilage was
removed from the underlying bone and minced
into pieces of around 0.5 cm?. After enzymatic
digestion with 2 mg/ml Pronase (Sigma, St.
Louis, MO, USA) in serum-free DMEM/antibiot-
ics (Abcam, Cambridge, UK) for 1 h at 37°C in
5% CO, atmosphere, the specimens were then
digested with collagenase | at 0.25 mg/ml in
DMEM medium containing 5% fetal bovine
serum for overnight. Finally, the cells in mono-
layer culture were suspended in medium at
6-8x1068 cells/ml and added to T75 flask plates.
Up to approximately 80-90% confluence,
human OA chondrocytes were passaged at a
ratio of 1:3. Chondrocytes of passages 1 to 2
were used in our study to avoid the phenotype
loss.

Cell viability

Chondrocytes were seeded in a 96-well culture
plate. After 12 h, cells were treated with dios-
genin (0, 10, 50 and 100 uM) for 24 h. The cells
were incubated with MTT solution (5 mg/ml) at
37°C for 4 h and then with dimethylsulfoxide by
shaking at room temperature for 10 min. The
spectrophotometric absorbance was measured
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at 570 nm on a multifunctional microplate
reader (Tecan, Durham, NC, USA).

Nitric oxide (NO) and prostaglandin E2 (PGE2)
measurement

The nitrite levels in the culture medium were
evaluated by Griess reaction as previously
described [21]. The levels of PGE2 were investi-
gated using a commercial ELISA kit according
to the manufacture’s protocol ((Invitrogen,
Carlsbad, CA, USA).

Quantitative real-time-PCR (qRT-PCR)

Chondrocytes were induced with IL-1B3 (10 ng/
mL) for 24 h with or without diosgenin preincu-
bation (0, 10, 50 and 100 uM) for 1 h.
Chondrocytes were collected for gene expres-
sion. Total RNA was isolated using TRIzol
(Invitrogen Inc., Carlsbad, CA, USA). cDNA was
synthesized from 1 pg total RNA using a
PrimeScript RT reagent Kit with gDNA Eraser
(Takara, Otsu, Japan). Real-time RT-PCR was
conducted using an ABI Prism 7500 sequence
detection system (Applied Biosystems, Foster
City, CA, USA) and performed with SYBR Green
PCR Master Mix (Toyobo, Osaka, Japan) in a 20
pl reaction volume in triplicate. The specific
primer sequences are shown as follow: for MMP-
3, 5-GCATTGGCTGAGTGAAAGAGAC-3’ (sense),
5-ATGATGAACGATGGACAGATGA-3’ (antisense);
for MMP-13, 5-TGAGAGTCATGCCAACAAATTC-3’
(sense), 5'-CAGCCACGCATAGTCATGTAGA-3’ (an-
tisense); for inducible nitric oxide synthase
(iNOS), 5-TTTCCAAGACACACTTCACCA-3’ (sen-
se), 5-ATCTCCTTTGTTACCGCTTCC-3’ (antisen-
se); for cyclooxygenase-2 (COX-2), 5-GAGAG-
ATGTATCCTCCCACAGTCA-3’ (sense), 5-GACCAG-
GCACCAGACCAAAG-3’ (antisense); and for
GAPDH, 5-AGAAGGCTGGGGCTCATTTG-3’ (sen-
se), 5-AGGGGCCATCCACAGTCTTC-3’ (antisen-
se). The samples underwent 35 cycles consist-
ing of the following steps: initial denaturation at
95°C for 5 min, followed by a set cycle of dena-
turation at 94°C for 10 s, different annealing
temperatures for each pair of primers (ranging
between 54 and 61°C) for 10 s, extension at
72°C for 30 s and a final elongation at 71°C for
5 min. Quantitative real-time PCR data were
calculated by the 22T method.

Western blot

Chondrocytes were pretreated with diosgenin
for 2 h, followed by stimulation with IL-13 (10
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Figure 1. Effects of diosgenin on cell viability in hu-
man OA chondrocytes. Chondrocytes were treated
with various concentrations of diosgenin. After 24 h,
cytotoxicity was determined using the MTT reagent.
Diosgenin has no significant effect on the viability
of human OA chondrocytes. All experiments were re-
peated at least three times. Data are means + SEM.

ng/ml) for 24 h. Then chondrocytes were
washed twice with ice-cold PBS and sonicated
with lysis buffer, the cell lysate supernatants
were harvested by centrifugation at 10 000
rpm for 10 min at 4°C. Protein concentrations
of the cell supernatants were measured by BCA
Protein Assay kit. Equal amounts of protein (30
pg) were separated by SDS-PAGE and trans-
ferred onto polyvinylidene difluoride mem-
branes (Whatman Schleicher & Schuell,
Middlesex, UK). After blocking with 5% non-fat
milk in Tris-buffered saline (TBS) with 0.1%
Tween-20 (TBST) at room temperature for 1 h,
the blots were incubated with primary antibod-
ies against MMP-3, MMP-13, iNOS, COX-2,
p-IkBa, IkBa and B-actin (Invitrogen, Carlsbad,
CA, USA), overnight at 4°C. After washing with
TBST, the membranes were incubated with IgG-
horseradish peroxidase (HRP)-labeled second-
ary antibodies (Invitrogen, Carlsbad, CA, USA)
at room temperature for 1 h. After washing with
TBST buffer, immunoreactivity was detected
with enhanced chemiluminescence (ECL) and
quantified by the Quantity ONE (Bio-Rad,
Hercules, CA, USA) software. B-actin was used
as the internal control.

Statistical analysis

The data were expressed as the mean + SEM.
Statistical significance was assessed by the
one-way analysis of variance (ANOVA). Results
were considered statistically significant at a P
value less than 0.05.
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Figure 2. Disogenin inhibits the production of NO and
PGE2 in IL-1B-stimulated OA chondrocytes. Human
OA chondrocytes were pretreated for 2 h with vari-
ous concentrations of diosgenin (10, 50 or 100 ug/
ml) and then stimulated or not stimulated with IL-13
(10 ng/ml) for 24 h. A. The nitrite levels in the culture
medium were assessed by Griess reaction. B. The
levels of PGE2 were determined using a ELISA kit.
All experiments were repeated at least three times.
Data are means + SEM. *P < 0.05 compared with
control group, #P < 0.05 compared with IL-13 group.

Results

Effect of diosgenin on human OA chondrocyte
viability

To investigate the effect of diosgenin on human
OA chondrocyte viability, the cells were treated
with various concentrations of diosgenin (O, 10,
50 or 100 pg/ml). As shown in Figure 1, the
viabilities of human OA chondrocytes were
unaffected by diosgenin. These results showed
that diosgenin did not have cytotoxic effects on
human OA chondrocytes at the concentration
range of 10-100 pg/ml.

Effect of diosgenin on NO and PGE2 produc-
tion in IL-1B-stimulated chondrocytes

Overproductions of NO and PGE2 have been
correlated to the pathophysiology of OA.
Therefore, we investigated the effects of dios-
genin on NO and PGE2 production in IL-1B-
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Figure 3. Disogenin inhibits the expression of MMP-
3 and MMP-13 in IL-1B-stimulated OA chondrocytes.
Human OA chondrocytes were pretreated for 2 h with
various concentrations of diosgenin (10, 50 or 100
ug/ml) and then stimulated or not stimulated with
IL-1B (10 ng/ml) for 24 h. The mRNA expression lev-
els of MMP-3 (A) and MMP-13 (B) were assayed by
gRT-PCR. Relative gene expression was normalized
to GAPDH and compared with un-stimulated control.
The protein expression levels of MMP-3 and MMP-13
were determined by Western blot (C). All experiments
were repeated at least three times. Data are means
+ SEM. *P < 0.05 compared with control group, #P <
0.05 compared with IL-13 group.

stimulated human OA chondrocytes. As shown
in Figure 2, IL-13 significantly increased the
production of NO and PGE2. However, diosgen-
in obviously suppressed IL-1B-induced NO and
PGE2 production in human OA chondrocytes.

Effect of diosgenin on MMP expression in IL-
1B-stimulated chondrocytes

MMP is a family of proteolytic enzymes involved
in the degradation of the extracellular matrix of
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Figure 4. Disogenin inhibits the expression of iINOS
and COX-2 in IL-1B-stimulated OA chondrocytes. Hu-
man OA chondrocytes were pretreated for 2 h with
various concentrations of diosgenin (10, 50 or 100
pg/ml) and then stimulated or not stimulated with IL-
1B (10 ng/ml) for 24 h. The mRNA expression levels
of iINOS (A) and COX-2 (B) were assayed by qRT-PCR,;
The protein expression levels of iINOS and COX-2
were determined by Western blot (C). All experiments
were repeated at least three times. Data are means
+ SEM. *P < 0.05 compared with control group, #P <
0.05 compared with IL-13 group.

various tissues including bone. And, MMP-3
and MMP-13 play an important role in degrad-
ing cartilage in IL-1B-stimulated human OA
chondrocytes. Therefore, in this study, we
investigated the effects of diosgenin on IL-13-
induced MMP-3 and MMP-13 expression in
chondrocytes. As shown in Figure 3A, IL-1j3 sig-
nificantly increased the gene expression of
MMP-3 and MMP-13. However, diosgenin inhib-
ited IL-1B-induced the expression of MMP-3
and MMP-13 in human OA chondrocytes.
Consistent with the results of qRT-PCR, Western
blot analysis showed that diosgenin obviously
suppressed IL-1B-induced the protein levels of
MMP-3 and MMP-13 in a concentration-depen-
dent manner.

Int J Clin Exp Pathol 2015;8(5):4830-4836
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Figure 5. Diosgenin inhibited IkB-a degradation in
chondrocytes. Cells were pretreated with diosgenin
for 24 h and then stimulated with IL-1 (10 ng/ml) for
1 h. (A) The protein levels of IkB-a was assessed by
western blot analysis. (B) The densitometry data was
also assessed (B). All experiments were repeated at
least three times. Data are means + SEM. *P < 0.05
compared with control group, #P < 0.05 compared
with IL-13 group.

Effect of diosgenin on iINOS and COX-2 expres-
sion in IL-1B-stimulated chondrocytes

It has been reported that INOS and COX-2 lead
to elevated production of PGE2 and NO in
human OA chondrocytes, respectively. There-
fore, we investigated the effects of diosgenin
on iNOS and COX-2 expression in IL-1B-
stimulated chondrocytes. As shown in Figure
4A, IL-1B significantly increased the gene
expression of iINOS and COX-2. However, dios-
genin inhibited IL-1B-induced the expression of
iINOS and COX-2 in chondrocytes. Consistent
with the results of qRT-PCR, Western blot analy-
sis showed that diosgenin obviously sup-
pressed IL-1B-induced the protein levels of
iINOS and COX-2 in human OA chondrocytes.

Effect of diosgenin on IkB-o degradation in IL-
1B-stimulated chondrocytes

It has been reported that NF-kB is an important
regulator in the induction of iINOS and COX-2 in
chondrocytes [15]. Therefore, we determined
the effect of diosgenin on IkB-a degradation by
western blot analysis. As shown in Figure 5, the
results showed that IL-1p stimulation markedly
induced IkB-a degradation, whereas diosgenin
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could prevent IL-1B-induced IkB-a degradation
in human OA chondrocytes.

Discussion

In this study, we found that diosgenin inhibited
the production of NO and PGE2 induced by
IL-1B. Diosgenin significantly inhibited the IL-1(3-
stimulated expression of MMP-3, MMP-13,
iNOS and COX-2 in IL-1B-induced human OA
chondrocytes. In addition, diosgenin sup-
pressed the degradation of IkB-a in IL-13-
induced human OA chondrocytes.

NO is known to be an important inflammatory
mediator in the pathogenesis of OA. Previous
studies have reported that NO is overproduced
by INOS which is induced in response to IL-13 in
OA chondrocytes [16]. iINOS has the potential to
synthesize high concentrations of NO during
inflammatory processes in various types of
cells such as monocytes, mast cells, macro-
phages and chondrocytes that have been stim-
ulated by cytokines [17]. In this study, we found
that diosgenin inhibited the production of NO
and the expression of iNOS in IL-13-stimulated
human OA chondrocytes. Our findings are con-
sistent with previous studies showing that dios-
genin inhibited NO production and iNOS expres-
sion in a concentration-dependent manner in
LPS/IFN-gamma-activated murine macrophage
[12].

PGE2, an inflammatory mediator, is responsible
for cartilage and bone remodeling [18]. It is
elevated by COX-2, and COX-2 is the target in
the treatment of OA. In this study, our data
demonstrate that diosgenin inhibited the pro-
duction of PGE2 and the expression of COX-2 in
IL-1B3-stimulated human OA chondrocytes.

MMPs are a family of proteolytic enzymes that
regulate a variety of functions in tissue remod-
eling including the turnover, catabolism, and
degradation of the extracellular matrix [19].
Compelling evidence demonstrated that MMPs
are involved in the progression of OA. Among
the MMPs, MMP-3 and MMP-13 are important
for degrading collagens, proteoglycans and
other extracellular matrix macromolecules in
cartilage [20]. In this study, we found that dios-
genin inhibited IL-1B-induced expression of
MMP-3 and MMP-13 in human OA chon-
drocytes.

Int J Clin Exp Pathol 2015;8(5):4830-4836
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NF-kB signaling pathway is one of the major
catabolic signaling pathways involved in OA
pathogenesis [21]. In resting status, NF-«kB
exists in the cytosol as an inactive form associ-
ated with the inhibitory protein IkBa [22]. Upon
stimulation by inflammatory mediators, such as
IL-183, signal pathways lead to the phosphoryla-
tion of the inhibitory subunit and its subsequent
degradation, the active complex of NF-kB trans-
locates from cytosol into nucleus and induced
various inflammation-related genes. In addi-
tion, it has been reported that the transcription-
al factor NF-kB plays an important role in the
induction of MMPs and iNOS by inflammatory
cytokines in chondrocytes [23, 24]. In this
study, we found that diosgenin could prevent
IL-1B-induced IkB-a degradation in chondro-
cytes. These results are in accordance with pre-
vious study showing that diosgenin inhibits
TNF-a-induced tissue factor activity and expres-
sion in human THP-1 monocytic cells via down-
regulation of the NF-kB [25]. Diosgenin also
inhibited TNF-a-induced IkB kinase activation,
subsequent degradation of IkBa, and nuclear
translocation of NF-«kB in vascular smooth mus-
cle cells (VSMCs) [12]. The attenuation of NF-kB
activity may partly account for the inhibitory
effects of diosgenin on the expression of MMP-
3, MMP-13, iNOS and COX-2 in IL-1B-stimulated
chondrocytes.

In conclusion, our results demonstrated that
diosgenin inhibited the production of NO and
PGE2, as well as the expression of MMP-3,
MMP-13, iNOS and COX-2 in IL-1B-stimulated
human OA chondrocytes, suggesting that dios-
genin may be a potential agent in the treatment
of OA.
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