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Mori Folium water extract alleviates articular cartilage
damages and inflammatory responses in monosodium
iodoacetate-induced osteoarthritis rats
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Abstract. Mori folium, the leaf of Morus alba L. (Moraceae),
has been widely used in traditional medicine for the treat-
ment of various diseases. It has been recently reported that
Mori folium possesses potential chondroprotective effects in
interleukin (IL)-1p-stimulated human chondrocytes; however,
its protective and therapeutic potential against osteoarthritis
(OA) in an animal model remains unclear. In this study, as part
of an ongoing screening program to evaluate the anti-osteo-
arthritic potential of Mori folium, the protective effects of a
water extract of Mori folium (MF) on cartilage degradation
and inflammatory responses in a monosodium iodoacetate
(MIA)-induced OA rat model were evaluated. The results
demonstrated that administration of MF had a tendency to
attenuate the damage to articular cartilage induced by MIA, as
determined by knee joint swelling and the histological grade
of OA. The elevated levels of matrix metalloproteinases-13 and
two bio-markers for the diagnosis and progression of OA, such
as the cartilage oligomeric matrix protein and C-telopeptide of
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type II collagen, were markedly ameliorated by MF adminis-
tration in MIA-induced OA rats. In addition, MF significantly
suppressed the production of pro-inflammatory cytokines,
including IL-1f, IL-6 and tumor necrosis factor-a. MF also
effectively inhibited the expression of inducible nitric oxide
(NO) synthase and cyclooxygenase-2, thus inhibiting the
release of NO and prostaglandin E,. Although further work
is required to fully understand the critical role and clinical
usefulness, these findings indicate that MF may be a potential
therapeutic option for the treatment of OA.

Introduction

Human osteoarthritis (OA) is the most frequently occurring
degenerative joint disease, causing chronic pain and joint
disability worldwide. Although various factors cause OA, aging
is the most common factor associated with the development of
OA; other factors, such as mechanical stress and hereditary
and environmental factors, also lead to the development of
OA (1,2). OA is primarily characterized by joint swelling due
to a progressive breakdown and loss of articular cartilage,
involving increased synovial inflammation, subchondral bone
sclerosis and osteophyte formation, which leads to chronic
pain and functional limitations in the joint (3.4). Furthermore,
the dysregulation of glucose and energy metabolism also
aggravate the symptoms in patients with OA (5). In particular,
the progressive degradation of the articular cartilage in OA
is mediated by the concerted activation of catabolic tissue
proteinases, including matrix metalloproteinases (MMPs),
collagenases and aggrecanases, which are upregulated by
oxidative stress and other inflammatory stimuli, including
pro-inflammatory cytokines and their mediators (6-8).
Currently, pharmacological treatment for patients with OA is
based on certain steroidal and non-steroidal anti-inflammatory
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drugs (NSAIDs) for the alleviation of pain and inflammation.
However, they cannot fully prevent progressive cartilage
degradation or repair the impaired cartilage of patients with
OA, and long-term use of these drugs can lead to toxicity or
severe side effects, including gastrointestinal disturbances
and cardiovascular dysfunction (6,9). Therefore, an agent that
inhibits cartilage degradation with improved safety and effi-
cacy is an attractive strategy for treatment of OA.

Several researchers have investigated traditional herbal
medicinal resources as adjuvant therapeutic agents in the treat-
ment of OA (10,11). Mori folium is the leaf of Morus alba L.
(Moraceae) and belongs to the Moraceae family; it has been
widely used in traditional medicine from ancient times to the
present for the treatment of various diseases in Asian coun-
tries, including Korea, China and Japan (12). Mori folium has
diverse pharmacological uses, including as an antioxidant (13).
It is also known for its antitumor (14), antihypotensive (15),
anti-inflammatory (16) and antidiabetic properties (17). A
recent study demonstrated that a water extract of Mori folium
(MF) possesses potential chondroprotective effects against
the collagen matrix breakdown in a pro-inflammatory cyto-
kine interleukin (IL)-1B-induced model in vitro (18). However,
the in vivo therapeutic effects against OA and molecular
mechanisms of MF have remained elusive. Thus, the present
study evaluated the anti-osteoarthritic potential of MF in a
rat model. A metabolic inhibitor, monosodium iodoacetate
(MIA), was used to induce a form of OA that mimics the
structural and biochemical changes associated with human
OA (19).

Materials and methods

Preparation of MF. The dried leaves of Morus alba L. were
obtained from Bio Port Korea, Inc. (Busan, Korea) and was
prepared as previously described (18). In brief, the powdered
air-dried leaves were boiled with distilled water (50 g/500 ml)
for 3 h. The extracts were filtered through Whatman no. 3 filter
paper (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
twice to remove any insoluble materials, and the filtrate was
lyophilized and then crushed into a thin powder. The MF
extract was then dissolved to a 100 mg/ml concentration with
distilled water as a stock solution and then diluted with a
physiological saline solution to the desired concentration prior
to use. A voucher specimen was deposited in the Department
of Biochemistry, Dongeui University College of Korean
Medicine (Busan, Korea).

Animals. Male Sprague Dawley rats weighing 180-240 g
(5 weeks old; n=40) at the start of the study were obtained
from Samtako Bio, Inc. (Osan, Korea). All animals were
housed two per poly-carbonate cage in a room with controlled
temperature conditions (20-24°C, humidity 40-70%) and
controlled lighting (12 h light and/or 12 h dark cycle). The
animals had access to sterile food and water (20). All animal
procedures were performed in strict accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health (21).
In addition, the animal protocol used in this study was
reviewed and approved by Dongeui University's Institutional
Animal Care and Use Committee for compliance with their
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ethical procedures and scientific care parameters (permit
no. A2015-019).

Development of OA with MIA injections and MF
administration. The rats were randomly divided into five
groups, and each group comprising of 8 rats. For induction
of OA, the right knee of the rats were shaved and disinfected
with 70% alcohol following anaesthetization using isoflurane
(Baxter International, Inc., Deerfield, IL, USA). On day 0, for
all groups of rats, excluding the control and MF only groups, a
single injection of 50 yl sterile 0.9% saline containing 3 mg/kg
MIA (Sigma-Aldrich; Merck KGaA) was administered into the
right knee joint by the patellar ligament using a 0.3 ml insulin
syringe (BD Biosciences, Franklin Lakes, NJ, USA) fitted with
a 29-G needle. Control and MF only rats were injected with an
equivalent volume of saline. MF was administered orally once
per day for 3 weeks at a dose of 100 mg/kg. The rats injected
with 3 mg/kg of celecoxib (LKT Laboratories, Inc., St. Paul,
MN, USA) were used as a positive control. All the rats were
sacrificed by cervical dislocation, and serum and articular
cartilage were collected for subsequent analysis.

Measurement of knee joint swelling. The rats were sacrificed
at 3 weeks post-MIA injection, the right knee was isolated,
and the femur, tibia, and patella were dissected free of muscle.
The knee diameter was measured using a calibrated digital
caliper (Mitutoyo Corporation, Kawasaki, Japan) to assess the
developmental OA stages 3 weeks post-MIA injection (22).

Joint histological examination. Histological changes were
assessed to confirm the effects of MF and celecoxib on
cartilage degeneration in the knee joints of MIA-induced
OA rats. Following the rat sacrifice at 3 weeks, each knee
joint was resected, fixed in 10% formalin (Sigma-Aldrich;
Merck KGaA) for 24 h at 4°C, and decalcified with 5%
hydrochloric acid (Sigma-Aldrich; Merck KGaA) for 4 days
at 4°C. Following decalcification specimens were dehydrated
in graded acetone and embedded in paraffin. Sections (thick-
ness, 2-3 ym) were stained with 0.2% hematoxylin and 1%
eosin (H&E; Sigma-Aldrich; Merck KGaA) for 5 min and
3 min, respectively. For toluidine blue staining, sections were
stained with 0.04% toluidine blue (Sigma-Aldrich; Merck
KGaA) for 5-10 min, then rinsed in tap water and dried in
warm air. For Safranin O (Sigma-Aldrich; Merck KGaA)
staining, sections were stained with Weigert's hematoxylin
solution for 10 min, and rinsed in running tap water. Then they
were placed in fast green solution for 5 min, quickly rinsed
in 1% acetic acid, stained with 0.1% Safranin O solution for
5 min, and dehydrated in 100% alcohol at room temperature.
Sections were then observed under a Zeiss AxioPlan 2 micro-
scope (Carl Zeiss AG, Oberkochen, Germany). All stained
slides were histologically evaluated and statistically graded
on a 0-13 scale by a double-blind observer, according to the
modified Mankin scoring system (23).

Immunohistochemical analyses. The sections were depleted
of endogenous peroxidase activity by a treatment with 3%
H,0, for 15 min at room temperature. They were then blocked
with 10% normal goat serum (Sigma-Aldrich; Merck KGaA)
for 30 min at room temperature and incubated at 4°C overnight
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Figure 1. Effects of MF on knee joint swelling in MIA-induced OA rats. The
rats were injected with 3 mg MIA in the right knee. Thereafter, MF and CLX
were administered orally on a daily basis for 3 weeks after MIA injection.
(A) Images of the hind knee joint at 3 weeks after the model of MIA-induced
OA rats. (B) The severity of OA during the course of MIA was determined
by measuring the volume of the hind knee joint using a calibrated digital
caliper. Data were expressed as the mean + standard deviation (n=38). "P<0.05,
“P<0.01. MIA, monosodium iodoacetate; MF, Mori folium; CLX, celecoxib.

with primary antibodies, followed by the appropriate biotinyl-
ated secondary antibodies (dilution, 1:200) for 30 min at room
temperature and horseradish peroxidase-conjugated streptav-
idin-biotin staining (cat no. PK-6101; dilution, 1:200; Vector
Laboratories, Inc., Burlingame, CA, USA) for 60 min at room
temperature, and finally with 0.1% 3,3'-diaminobenzidine
(dilution, 1:100; Dako; Agilent Technologies, Inc., Santa Clara,
CA, USA) for 5 min at room temperature. The primary anti-
bodies against the following proteins were used: MMP-13 (cat
no. ab39012; dilution, 1:50; Abcam, Cambridge, UK), cartilage
oligomeric matrix protein (COMP; cat no. ab74524; dilution,
1:50; Abcam), C-telopeptide of type II collagen (CTX-II; cat
no. PAA686Hu01; dilution, 1:50; Cloud-Clone Corp., Houston,
TX, USA), inducible nitric oxide (NO) synthase (iNOS;
cat no. sc-651; dilution 1:100; Santa Cruz Biotechnology,
Inc., Dallas, TX, USA), and cyclooxygenase-2 (COX-2; cat
no. sc-514489; dilution 1:100; Santa Cruz Biotechnology, Inc.).
Histological changes were examined and images by a Carl
Zeiss Axio-plan 2 imaging microscope (Carl Zeiss AG).

Serum analysis. At the end of the 3 weeks, the samples of
whole blood were collected from the abdominal vein. Blood
was allowed to clot for 30 min. Then, the serum was separated
via centrifugation at 1,500 x g for 10 min and stored at -80°C
until use. Concentrations of NO in the serum samples were
determined by measuring nitrite, which is a major stable
product of NO, using the Griess reagent. Briefly, 50 ul serum
was mixed with 50 ul Griess reagent (Sigma-Aldrich; Merck
KGaA), followed by incubation for 10 min at 37°C. Optical
density was measured at 540 nm using an enzyme-linked
immunosorbent assay (ELISA) reader (VersaMax; Molecular
Devices, LLC, Sunnyvale, CA, USA) (24). The serum
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levels of cartilage degeneration mediators, such as COMP
(cat no. SEB197Ra; Cloud-Clone Corp.) and CTX-II (cat
no. MBS700687; MyBioSource, Inc., San Diego, CA, USA),
and pro-inflammatory cytokines, including IL-1f (cat
no. SRLB00O; R&D Systems, Inc., Minneapolis, MN, USA),
IL-6 (cat no. SR6000B; R&D Systems, Inc.), tumor necrosis
factor-a (TNF-a; cat no. SRTA00; R&D Systems, Inc.), and
interferon-y (IFNy; cat no. SRIF00; R&D Systems, Inc.)
were determined using ELISA kits (R&D Systems, Inc.,
Minneapolis, MN, USA), according to the manufacturer's
recommendations (25). The level of prostaglandin E, (PGE,)
was also determined using an ELISA kit purchased from R&D
Systems, according to the manufacturer's instructions (26).

Statistical analysis. Data were expressed as mean + stan-
dard deviation for at least three separate determinations for
each group. The statistical significance of the differences
between groups was assessed using Student's t-test for
pair-wise comparisons or a one-way analysis of variance
(ANOVA) followed by a Tukey post hoc test for multiple
comparisons. Rotarod analysis results were analyzed using a
repeated-measures one-way ANOVA followed by a Tukey post
hoc test. Statistical analysis was performed using GraphPad
Prism software version 5.0 (GraphPad Software, Inc., La Jolla,
CA, USA). P<0.05 was considered to indicate a statistically
significant difference.

Results

MF reduces the MIA-induced knee swelling in rats. Knee
diameters were measured to determine the degree of joint
swelling which is determined by an index of inflammation. As
shown in Fig. 1, the knee diameter of the MIA-injected group
was increased significantly compared with the control group,
and MF alone had little effect. However, MF-administered
groups exhibited a significant reduction in knee swelling at
3 weeks after MIA injection. In the celecoxib-treated positive
controls, the knee swelling was also decreased to levels near
the normal control.

MF ameliorates articular damage in MIA-induced OA rats. As
cartilage degeneration is the main histological feature of OA,
the effects of MF on the morphological changes and severity of
the articular damage were evaluated using H&E, Safranin O fast
green, and toluidine blue staining in the MIA-induced OA rats.
The findings demonstrated that the MIA-injected group exhib-
ited severe surface irregularity and surface cleft, and matrix
loss of the associated articular cartilage (Fig. 2A). However,
administration with MF and celecoxib effectively attenuated
the structural morphological changes in the articular cartilages
compared with those of the MIA-treated group. Furthermore, the
severity of OA lesions was graded using the modified Mankin
scoring system, and the overall modified Mankin's scores were
significantly reduced in the MF and celecoxib treatment group
compared with the MIA only-treated group (Fig. 2B).

MF downregulates MMP-13 expression in MIA-induced OA
rats. The progressive destruction associated with cartilage
degradation in OA is caused by several matrix-degrading
enzymes, including MMPs (27). Among the MMPs family,
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Figure 2. Histological evaluation of joints activity after administration with MF in MIA-induced OA rats. The rats were injected with 3 mg MIA in the right
knee, and then CLX was administered orally once a day for 3 weeks after the MIA injection. (A) Knee joints of the OA rats were stained with H&E, Safranin-O
and toluidine blue. (B) The joint lesions were graded on a scale of 0-13 using the modified Mankin scoring system, giving a combined score for cartilage
structure, cellular abnormalities and matrix staining. Data are expressed as the mean = standard deviation (n=8). "P<0.05, “P<0.01. H&E, hematoxylin and

eosin; MIA, monosodium iodoacetate; MF, Mori folium; CLX, celecoxib.
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Figure 3. Effects of MF on the expression of MMP-13 in MIA-induced OA
rats. (A) Immunohistochemical staining was used to identify the expression
of MMP-13 in the articular cartilage. (B) Stained cells wren counted and data
are expressed as mean + standard deviation (n=8). "P<0.05, “P<0.01. MIA,
monosodium iodoacetate; MF, Mori folium; CLX, celecoxib; MMP, matrix
metalloproteinase.

MMP-13 has the most important role in degrading carti-
lage (28); thus, the effects of MF on the expression of MMP-13
were examined in MIA-stimulated OA cartilage. The results
demonstrated that the number of chondrocytes staining
positive for MMP-13 increased following MIA injection,
with significantly lower percentages of MMP-13-positive
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Figure 4. Effects of MF on the production and expression of COMP and
CTX-II in MIA-induced OA rats. (A) COMP and (B) CTX-II production was
measured in the serum of MIA-induced OA rats using commercial ELISA
kits. (C) Immunohistochemical staining was used to identify the expression
of COMP and CTX-II in the articular cartilage. Data are expressed as the
mean =+ standard deviation (n=8). "P<0.05, “"P<0.01. MIA, monosodium
iodoacetate; MF, Mori folium; CLX, celecoxib; COMP, cartilage oligomeric
matrix protein; CTX-II, C-telopeptide of type II collagen.

chondrocytes observed in the MF- and celecoxib-administered
groups compared with the MIA only-treated controls (Fig. 3).
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Figure 5. Effects of MF on the level of IL-1f, IL-6, TNF-o and IFN-vy in the serum of MIA-induced OA rats. The concentrations of (A) IL-1f, (B) IL-6,
(C) TNF-a and (D) IFN-y in serum collected from MIA-induced OA rats treated with or without MF or CLX were measured. Data are expressed as the
mean =+ standard deviation (n=8). "P<0.05, “P<0.01. IL, interleukin; MIA, monosodium iodoacetate; MF, Mori folium; CLX, celecoxib; TNF-a, tumor necrosis
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Figure 6. Effects of MF on production of NO and PGE, and the expression
of iNOS and COX-2 in MIA-induced OA rats. (A) NO and (B) PGE, contents
were measured in the serum of MIA-induced OA rats using Griess reagent
and commercial ELISA Kkits, respectively. Data are the mean + standard
deviation (n=8). ‘P<0.05, “P<0.01. (C) Immunohistochemical staining was
used to identify the expression of iNOS and COX-2 in the articular cartilage.
NO, nitric oxide; MIA, monosodium iodoacetate; MF, Mori folium; CLX,
celecoxib; PGE,, prostaglandin E,; iNOS, inducible nitric oxide synthase;
COX-2, cyclooxygenase-2.

MF reduces the production and expression of COMP and
CTX-1I in MIA-induced OA rats. The effect of MF on the
levels of COMP and CTX-II, which are well-established

bio-markers for diagnosis and OA progression that have
key roles during subsequent progressive osteophytosis in
multiple knee compartments (29,30), was also investigated.
The ELISA data indicated that MF alone did not signifi-
cantly affect COMP and CTX-II production at basal levels.
However, significantly increased production of COMP and
CTX-II were detected in the serum of MIA-induced OA rats;
these levels were significantly diminished following MF
administration (Fig. 4A and B). The MIA-induced overpro-
duction of COMP and CTX-II was also blocked by celecoxib.
Consistent with the ELISA results, immunocytochemical
analysis demonstrated that oral administration of MF and
celecoxib caused a significant decrease in the expression of
COMP and CTX-II compared with that in the normal control
group (Fig. 4C).

MF inhibits the production of pro-inflammatory cytokines in
MIA-induced OA rats. It was also determined whether MF
had any inhibitory effects on the production of inflammatory
cytokines associated with OA, including IL-1f, IL-6, TNF-a
and IFN-vy, which have important roles in the development
and progression of OA (31,32). As presented in Fig. 5, the
serum levels of these cytokines remained at a low level in the
control group. Compared with the controls, the concentrations
of IL-1p, IL-6, TNF-a, and IFN-vy in the MIA group were
markedly higher; however, the groups treated with MF or
celecoxib had significantly reduced production of IL-1f3, IL-6
and TNF-a compared with the MIA only group. There was no
significant difference in the level of IFN-y between the MIA
only and MIA + MF group.

Effect of MF on the production of NO and PGE, and the
expression of iNOS and COX-2 in MIA-induced OA rats. The
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overproduction of pro-inflammatory mediators, including
NO and PGE, also has been associated with the patho-
physiology of OA (33,34), thus, the effects of MF on NO and
PGE, release were investigated in MIA-induced OA rats. As
indicated in Fig. 6A and B, significant increases in the NO
and PGE, levels were detected in the MIA-induced OA rats
compared with the normal control group; however, this effect
was significantly decreased by administration of MF and
celecoxib. Subsequently, immunohistochemical analysis was
performed to determine whether the protective effects on NO
and PGE, production were associated with the changes in the
expression of their synthesis enzymes, iNOS and COX-2, in
the knee joints. Compared with the control group, MIA mark-
edly induced the expression of iNOS and COX-2, while MF
and celecoxib obviously suppressed the elevated expression
levels of iNOS and COX-2 in the cartilaginous tissues of the
MIA-induced OA rats (Fig. 6C).

Discussion

MIA-induced OA in rodents is one of the well-established
models to describe the anti-osteoarthritic effects of candidate
drugs on the pathology of OA. Upon injection of MIA into
joints, the activity of GAPDH is inhibited and then leads to
the disruption of glycolysis. This process successfully induces
degenerative changes in the articular cartilage by the direct
interruption of chondrocyte metabolism and the subsequent
induction of chondrocyte death, representative of the changes
observed in patients with OA (19). In the current study, it was
investigated whether MF exerts an anti-osteoarthritic effect in
an MIA-induced rat OA model. The data demonstrated that
the oral administration of MF led to a significant decrease in
structural changes, including joint space narrowing and carti-
lage destruction, in MIA-induced OA rats, as did celecoxib,
which was associated with reductions in MMP-13, COMP,
CTX-II, and pro-inflammatory cytokines and mediators.

Increasing evidence indicates that MMPs are important
proteases involved in tissue remodeling, including the
turnover, catabolism and degradation of the extracellular
matrix (ECM) (27). MMP expression can be upregulated by
pro-inflammatory cytokines in a variety of tissues and cell
types, including articular chondrocytes (6,27,28). Among
the MMPs, MMP-13 is critical for degrading collagens,
proteoglycans and other ECM macromolecules in the osteo-
arthritic pathological process (28). Thus, the expression of
MMP-13 was analyzed to assess the effects of MF on the
catabolic activity of chondrocytes. Consistent with previous
studies (19,35), the serum levels of MMP-13 and the percent-
ages of MMP-13-positive chondrocytes were significantly
higher in the MIA-treated group than in the saline-treated
control and MF only groups. However, the MIA + MF rats
had fewer MMP-13-producing cells than the MIA-treated
rats, which was also associated reduced MMP-13 production
determined by ELISA. The protective effects of MF were
comparable to the positive control drug, celecoxib, which is a
COX-2-selective NSAID. These observations support the fact
that MF may have an anti-osteoarthritic effect by reducing the
production and activation of MMP-13.

Several previous studies have demonstrated that COMP, a
pentameric glycoprotein, is one of the essential components
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of the extracellular matrix of the cartilage (29,30). COMP
functions as a regulator in governing the assembly of type II
collagen fibers in cartilage; thus, this glycoprotein stabi-
lizes the collagen network in cooperation with other matrix
proteins (36). However, its levels during the development
of OA and under inflammatory conditions are obviously
increased in serum and synovial fluid and positively corre-
lated with joint damage in knee OA (30,37). In addition,
CTX-II is produced by the degradation of type II collagen
through the action of proteases with cartilage injury or
degeneration and finally excreted in the urine (36,38). CTX-II
contents were also elevated in OA patients compared with
normal individuals, as the levels are associated with both the
prevalence and progression of OA (38,39). These observa-
tions indicated that these two factors have the potential to
be prognostic bio-markers for monitoring cartilage degrada-
tion in patients with OA (29,30). The ELISA results in the
current study demonstrated that serum COMP and CTX-II
levels in the MIA-induced OA group were significantly
higher than the control group; however, treatment with MF
significantly prevented this increase. In agreement with the
ELISA data, immunohistochemistry analysis demonstrated
that rats injected with MIA exhibited increased COMP and
CTX-II expression in articular cartilage, and administration
with MF or celecoxib significantly reduced their expression
in MIA-induced OA rats. Therefore, the reduction in COMP
and CTX-II serum levels by MF may represent suppressed
MIA-induced degradation of cartilage, as cartilage is a major
contributor to circulating COMP and CTX-II levels.
Compelling evidence has demonstrated that pro-inflam-
matory cytokines are significantly elevated in synovial fluid
from patients with OA and have critical roles in the promotion
of the catabolic processes in OA, causing cartilage degrada-
tion (31,40). High levels of pro-inflammatory cytokines
have been detected in synovial fluid from patients with OA
and several animal models of cartilage degradation (41).
Among these cytokines, IL-1p is highly overexpressed in
the cartilage and in the synovial tissue, while the expression
of IL-1 receptor antagonist (42), inhibits proliferation, trig-
gers apoptosis of chondrocytes, and blocks the synthesis of
ECM structural components by activating MMPs, including
MMP-13 (32,40). IL-6 has also been reported to act as one
of the major pro-inflammatory cytokines involved in the
pathophysiology of OA. IL-6 induces the destruction of joint
and cartilage by stimulating the activation of osteoclasts
and the differentiation of mesenchymal cells into chondro-
blasts (42,43). In addition, previous studies have revealed that
TNF-a is similar to or synergistic with IL-1f3 and IL-6 in the
production of matrix-degrading enzymes and in the inhibition
of proteoglycan synthesis, resulting in loss of cartilage and
bone resorption during the process of OA development (41,42).
Studies have demonstrated that anti-inflammatory agents
capable of inhibiting the production of those cytokines may
have the potential to control or treat OA (31,32). Thus, the
anti-inflammatory effects of MF were investigated in the
present study by measuring the serum levels of pro-inflamma-
tory cytokines (IL-1p3, IL-6 and TNF-a) in MIA-induced OA
rats and observed that MF application could greatly diminish
the MIA injection-induced increase of these cytokines. Taken
together, the present results indicate that MF has the potential



to deter inflammatory responses and may subsequently reduce
damage of articular cartilage.

In addition to the roles of pro-inflammatory cytokines
in OA, pro-inflammatory mediators, such as NO and PEG,
have an important role in the development of inflammation in
OA (40.,44). The mediators can induce the cell death of chon-
drocytes and the loss of cartilage matrix in the pathogenesis
of OA, and they are also significantly elevated in cartilage and
synovial tissues from patients with OA (45,46). Furthermore,
the pro-inflammatory cytokines can stimulate the production
of pro-inflammatory mediators through the activation of chon-
drocytes (34,40). Therefore, the effects of MF on the release of
NO and PEG, were also analyzed in the MIA-induced OA rat
model. The results clearly demonstrated that the serum levels
of NO and PGE, were significantly higher in the MIA group
compared with the control group. Although the suppressive
property of MF was weaker than that of the celecoxib, MF
significantly reduced the MIA-induced elevation of NO and
PGE, production and suppressed the expression of upstream
molecules, iNOS and COX-2, which is consistent with the
previous report demonstrating that MF reduced the production
of NO and PEG, in IL-1p-stimulated human chondrocytes (18).

In conclusion, the present study demonstrated that adminis-
tration with MF effectively attenuated the severity of articular
cartilage destruction in MIA-induced OA of the knee joint
in rats. To the best of our knowledge, this is the first report
to demonstrate the anti-osteoarthritic effects of MF on an
MIA-induced OA model. The anti-osteoarthritic effects of
MEF were associated with the suppression of MMP-13 and two
representative bio-markers for the diagnosis of OA, COMP and
CTX-II, in the OA animal model induced by MIA. MF also
reduced the production of pro-inflammatory cytokines, such
as IL-1P, IL-6, and TNF-a, and mediators (including NO and
PGE,). Although the results suggest that MF may be a prom-
ising compound for treating OA, further studies are required
to ascertain the molecular mechanisms of action, and clinical
trials to estimate the efficacy of MF in patients with OA.
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