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Articular cartilage degradation is prevented by
tanshinone ITA through inhibiting apoptosis and
the expression of inflammatory cytokines
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Abstract. The present study aimed to investigate the effect of
tanshinone ITA on the degradation of articular cartilage in a
rat model of osteoarthritis (OA). The OA rat model was estab-
lished by anterior cruciate ligament transection (ACLT) and
medial meniscus resection (MMXx). The animals were treated
for 28 days with 0.25-0.5 mg/kg doses of tanshinone ITA
following ACLT + MMx. The knee joints of the rats in the
ACLT + MMx group exhibited marked alterations in articular
cartilage histopathology and higher Mankin scores, compared
with those in the normal group. Tanshinone ITA treatment at
a dose of 0.5 mg/kg significantly inhibited cartilage degra-
dation and improved Mankin scores in the OA rat model
(P<0.002). Tanshinone ITA treatment completely inhibited the
ACLT + MMx-induced accumulation of inflammatory cells
and disintegration of synovial lining in the rats. An increase
in the dose of tanshinone IIA between 0.25 and 0.5 mg/kg
reduced the proportion of apoptotic chrondrocytes from 41
to 2% on day 29. Treatment of the rats in the ACLT + MMx
group with 0.5 mg/kg doses of tanshinone IIA markedly
inhibited the expression level of matrix metalloproteinase
and increased the expression of tissue inhibitor of metallopro-
teinase in the rat articular cartilage tissues. Tanshinone ITA
treatment significantly reduced the levels of inflammatory
cytokines, including interleukin-1f3, tumor necrosis factor-o
and nitric oxide in rat serum samples. The protein expression
levels of bone morphogenetic protein and transforming growth
factor-f3 were significantly increased by tanshinone IIA in
the ACLT + MMx rats. Therefore, tanshinone IIA inhibited
articular cartilage degradation through inhibition of apoptosis
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and expression levels of inflammatory cytokines, offering
potential for use in the treatment of OA.

Introduction

Osteoarthritis (OA) is the most common disorder of joints,
which is characterized by alterations in the structure and
organization of chondrocytes in the articular cartilage (1,2).
The disintegration of cartilage is caused by the disturbance
of equilibrium between the formation and degradation of
matrix components (3). For the treatment of early stage OA,
strategies for the provision of symptomatic relief have been
developed, however, the advanced stage can be treated only via
surgical intervention (4). The apoptosis of chondrocytes also
leads to changes in the biosynthesis of cartilage matrix, which
is the primary factor causing the development of the OA (5).
Inflammatory processes are associated with the degradation
of cartilage and the subsequent development of OA (6). The
inflammatory reactions and apoptosis of chondrocytes are
initiated by the expression of cytokines (7,8). The apoptosis
of chondrocytes is caused by the increased expression of
interleukin (IL)-1f through the involvement of matrix metallo-
proteinases (MMPs) (9,10). The effects of MMPs are regulated
by the secreted tissue inhibitors of metalloproteinase (TIMPs).
Disturbance of the equilibrium between TIMPs and MMPs is
one of the factors involved in the development of OA (11).
The use of anti-inflammatory agents has been a subject of
interest for those investigating the treatment of various types
of cancer, including breast, colorectal, esophageal, lung and
stomach cancer (12,13). Anti-inflammatory compounds are
used in clinical practice for the treatment of carcinoma either in
the form of herbal medicines or as isolated compounds (14,15).
The extract of the roots of Salvia miltiorrhiza Bunge (Danshen),
has a long history of traditional medicinal importance in
China for the treatment of cardiovascular disorders and
hepatitis. Phytochemical investigations of this plant have led
to the isolation of certain compounds, including tanshinone I,
tanshinone ITA and cryptotanshinone (16). Analysis of these
compounds has revealed antibacterial (16), antioxidative (17),
anti-inflammatory (18,19) and cytotoxic activities (20,21), and
inhibitory effects on platelet aggregation (22). The present
study investigated the role of tanshinone II-A in preventing
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the induction of apoptosis and cartilage matrix degradation.
Tanshinone II-A was found to inhibit the chondrocyte apop-
tosis and cartilage matrix degradation induced by anterior
cruciate ligament transection (ACLT) and medial meniscus
resection (MMX).

Materials and methods

Animals. Healthy 8-week-old male Sprague-Dawley rats,
weighing ~180 g, were purchased from the Shanghai Labo-
ratory Animal Commission (Shanghai, China) under license
number SCXK 2013-012. The experimental procedures
involving animals were performed according to the guide-
lines for the Care and Use of Laboratory Animals 2010 by
the Ministry of Science and Technology of the People's
Republic of China. The present study was approved by the
ethics committee of Shandong Jimin No. 1 People's Hospital
(Shandong, China). Osteoarthritis (OA) was induced in the rats
by the methods described by Ying ef al (23). Briefly, rats were
anesthetized with ether, the right knee was exposed and the
patella was dislocated laterally. Subsequently, the right knee
was fully flexed, followed by anterior crucial ligament transec-
tion and medial meniscus resection using micro-scissors.

Treatment strategy. The rats in the treatments groups were
administered intragastrically with 0.25, 0.30, 0.35, 0.40, 0.45
and 0.50 mg/kg doses of tanshinone ITA for 28 days. The rats in
the normal control and ACLT + MMx groups received normal
saline for the same duration. The animals were housed under
a 12-h light/dark cycle in a humidity-controlled (60-64%) and
sterilized room at 25°C with access to fresh water and standard
laboratory food ad libitum.

Histological analysis. On day 29 following the completion of
treatment, the animals were sacrificed following anesthetiza-
tion with halothane. The bones (tibia and femur) were removed
and then subjected to decalcification using EDTA. The
paraffin-embedded bone was cut into thin sections of 2 ym,
which were de-paraffinized in boiling xylene. The sections
were subjected to hematoxylin and eosin staining, followed
by histopathological examination using a Mankin scale,
in which 0 indicated normal cartilage and 12 indicated full
disintegration (24). Changes in the synovial lining were deter-
mined using the Image-Pro Plus 6.0 image analysis system
(Media Cybernetics, Inc., Rockville, MD, USA).

Terminal deoxynucleotidyl transferase-mediated dUTP nick
end-labeling (TUNEL) assay for the detection of apoptotic cells.
For the analysis of apoptotic cells in the cartilage sections, the
sections were washed with 1% PBS/BSA and then fixed in 4%
paraformaldehyde for 20 min. The sections were permeabilized
using 0.1% Triton-X 100 for 15 min on ice. A TUNEL assay
using fluorescein isothiocyanate (FITC)-conjugated dUTP, and
an Apoptosis Detection System kit (Roche Diagnostics GmbH,
Mannheim, Germany) were used for the analysis of apoptosis,
according to the manufacturer's instructions.

Flow cytometric analysis. The chondrocytes of the rats
belonging to the ACLT + MMx and Tanshinone IIA treatment
groups were examined for apoptosis using Annexin V binding
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and propidium iodine (PI) staining, followed by flow cytometry.
The cells were washed with ice-cold PBS and double-stained
with FITC-conjugated Annexin V protein and PI for 30 min.
Subsequently, 488-nm laser flow cytometry coupled to a cell
sorter (FACSCalibur; BD Biosciences, San Jose, CA, USA)
was used for analysis of the stained cells.

Enzyme-linked immunosorbent assay (ELISA) analysis. For
determination of inflammatory cytokines, blood samples (4 ml)
were collected from the aorta of the abdominal region of the
rats, and serum was separated by centrifugation at 3,000 x g
for 10 min at 4°C. The levels of IL-1p (cat. no. EK0393), tumor
necrosis factor-a (TNF-a; cat no. EK0526) and inducible
nitric oxide synthase (iNOS; cat no. EK0472) were quantified
using commercially available ELISA kits (ScienCell Research
Laboratories, Carlsbad, CA, USA).

Western blot analysis. The cartilage of the rats was washed
and placed into lysis buffer (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) supplemented with phenylmethylsul-
fonyl fluoride and aprotinin for 4 h at 4°C. The content of
protein was determined using a detergent compatible protein
assay kit (Bio-Rad Laboratories, Inc.). Equal amounts of
extracted protein samples (50 yg) was mixed with 2X SDS
buffer, and were separated on a 10% polyacrylamide gel by
electrophoresis. The proteins were then transferred onto
a nitrocellulose membrane (Bio-Rad Laboratories, Inc.)
followed by incubation in blocking buffer (PBS with 7.5%
non-fat dry milk, 2% BSA and 0.1% Tween-20) for 2.5 h
at 4°C. The protein expression levels of MMP-13 and TIMP-1
were determined following incubation at 4°C overnight
with the following primary antibodies: Mouse monoclonal
anti-MMP-13 (cat. no. MA5-14247, 1:400 in blocking buffer;
Pierce; Thermo Fisher Scientific, Inc., Waltham, MA, USA),
mouse monoclonal anti-TIMP-1 (cat. no. MA1-773, 1:500 in
blocking buffer; Pierce; Thermo Fisher Scientific, Inc.) and
anti-B-actin (cat. no. 2791, 1:800 in blocking buffer; OriGene
Technologies, Inc., Beijing, China). The membranes were
washed with PBS and 0.1% Tween-20, followed by incubation
with secondary horseradish peroxidase-conjugated goat poly-
clonal anti-rabbit antibodies (cat. no. 31460, 1:10,000 dilution
in blocking buffer; Invitrogen; Thermo Fisher Scientific, Inc.)
for 1 h at 4°C. The membranes were then washed in PBS and
developed using an enhanced chemiluminescence detection
system (GE Healthcare Life Sciences, Uppsala, Sweden).

Statistical analysis. Data are expressed as the mean + standard
deviation. The experiments were repeated at least three times,
with the mean of the results presented. The data were analyzed
using one-way analysis of variance followed by Student's
t-test using SPSS software version 21.0 (IBM Corp., Armonk,
NY, USA). P<0.05 was considered to indicate a statistically
significant difference.

Results

Tanshinone IIA prevents articular cartilage disintegration
in rats induced by ACLT + MMx. The knee joints of the rats
in the ACLT + MMx group showed marked alterations in
articular cartilage histopathology, which included roughness
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Figure 1. Tanshinone IIA treatment for 28 days inhibited cartilage degradation in the osteoarthritis rat model. The Mankin score was also improved by
tanshinone IIA treatment. Histological examination of the cartilage in tanshinone IIA-treated and untreated rats was performed on day 29 post-ACLT + MMx
exposure. (magnification, x200). ACLT, anterior cruciate ligament transection; MMXx, medial meniscus resection.
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Figure 2. Tanshinone IIA treatment inhibits damage to the synovial lining in the osteoarthritis rat model. Following exposure to ACLT + MMXx, the rats were
treated with tanshinone ITA for 28 and changes to the synovial lining were analyzed. ACLT, anterior cruciate ligament transection; MMx, medial meniscus

resection.

of the cartilage surface and random distribution of chondro-
cytes (Fig. 1). However, the knee joints of the rats in the normal
group exhibited smooth articular cartilage surface and ordered
arrangement of chondrocytes. The Mankin score was signifi-
cantly higher in the rats of the untreated group, compared with
the normal rats. Treatment of the rats with tanshinone ITA
followed by exposure to ACLT + MMx prevented degradation of
the articular cartilage. An increase in the dose of tanshinone ITA
between 0.25 and 0.5 mg/kg had a significant inhibitory effect
on the ACLT + MMx-induced degradation of articular cartilage
in the rats. Tanshinone ITA treatment at a dose of 0.5 mg/kg
significantly reduced the Mankin score in the ACLT + MMX rats
(P<0.002).

The rats in the ACLT + MMx group exhibited higher expres-
sion levels of inflammatory cells in the tissues of the synovium,
compared with the rats in the normal group. The lining of the
synovium showed hyperplasia, which was absent in the normal
group of rats. Treatment of the rats with tanshinone IIA following
exposure to ACLT + MMx exhibited a concentration-dependent
inhibitory effect on the accumulation of inflammatory cells
and disintegration of the synovial lining (Fig. 2). Tanshinone
ITA treatment at a dose of 0.5 mg/kg completely inhibited the
ACLT + MMzx-induced accumulation of inflammatory cells and
disintegration of the synovial lining in the rats.

Tanshinone IIA inhibits ACLT + MMx-induced apoptosis in
chondrocytes. In the rats of the untreated group, the proportion
of apoptotic chondrocytes was significantly higher (Fig. 3).
The proportion of apoptotic cells increased to 52% following
28 days of ACLT + MMx. However, tanshinone IIA treat-
ment inhibited the induction of apoptosis in chondrocytes in
a concentration-dependent fashion. An increase in the dose of
tanshinone ITA between 0.25 and 0.5 mg/kg reduced the propor-
tion of apoptotic chrondrocytes from 41 to 2% on day 29.

Tanshinone IIA exhibits inhibitory effects on the
ACLT + MMx-induced increased expression of MMP-13
and reduced expression of TIMP-1. ACLT + MMx caused a
significant increase in the expression of MMP-13 and reduc-
tion in the expression of TIMP-1 in the articular cartilage
of the rats (Fig. 4). Tanshinone ITA treatment inhibited the
ACLT + MMx-induced increased expression of MMP-13 and
decreased expression of TIMP-1 in a dose-dependent manner.

Tanshinone IIA inhibits the production of IL-153, TNF-a,
and iNOS, and promotes the protein expression of BMP and
TGF-f. The serum levels of cytokines involved in inflam-
matory processes, including TNF-a, IL-1f and iNOS, were
significantly increased in the ACLT + MMx group. Treatment
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Figure 3. Tanshinone IIA inhibits ACLT + MMx-induced knee joint chondrocyte apoptosis in the rats. The effect of tanshinone IIA on chondrocyte apoptosis
was examined following treatment for 28 days. (magnification, x200). ACLT, anterior cruciate ligament transection; MMx, medial meniscus resection;

FITC, fluorescein isothiocyanate; PI, propidium iodide.
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Figure 4. Tanshinone ITA alters the expression levels of TIMP-1 and MMP-13
in the knee joints of the osteoarthritis rat model. The results from the western
blot analysis showed significant changes in the expression levels of TIMP-1
and MMP-13 on day 29 post ACLT + MMx exposure. Data are presented as
the mean + standard deviation. ‘P<0.05, tanshinone ITIA vs. ACLT + MMx
group. ACLT, anterior cruciate ligament transection; MMx, medial meniscus
resection; MMP-13, matrix metalloproteinase-13; TIMP-1, tissue inhibitor of
metaaloproteinase-1.
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Figure 5. Tanshinone IIA decreased the serum levels of the inflammatory
cytokines TNF-a, IL-1p and iNOS in ACLT + MMx-treated rats. Data
are presented as the mean + standard deviation. ‘P<0.05, Tanshinone ITA
vs. ACLT + MMx group. ACLT, anterior cruciate ligament transection;
Mmx, medial meniscus resection; TNF-a tumor necrosis factor-a;
iNOS, inducible nitric oxide synthase; NO, nitric oxide; IL-1p, interleukin-1f.

with tanshinone ITA at a dose of 0.5 mg/kg significantly
reduced the serum levels of these inflammatory cytokines
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Figure 6. Tanshinone IIA inhibits the protein expression of BMP-2 and TGF-31
in chondrocytes of ACLT + MMx-induced rats. Data are presented as the
mean = standard deviation. “P<0.03, tanshinone ITA vs. ACLT + MMx group.
ACLT, anterior cruciate ligament transection; Mmx, medial meniscus resection;
BMP-2, bone morphogenetic protein-2; TGF-f1, transforming growth factor-31.

(Fig. 5). ACLT + MMx caused a marked decrease in the
protein expression of BMP and TGF-f in the rat chondrocytes.
However, in the rats treated with tanshinone IIA, the protein
expression of BMP and TGF-p3 was significantly increased
compared with in the untreated group (Fig. 6).

Discussion

In the development of OA, the apoptosis of chondrocytes
and onset of inflammatory processes are vital. Therefore,
understanding the mechanism of chondrocyte apoptosis and
inflammatory processes, and development of a strategy for their
inhibition, offer potential efficient treatment for OA. The present
study demonstrated the role of tanshinone ITA in the prevention
of OA in the ACLT + MMx rat model. The results revealed that
tanshinone IIA efficiently prevented ACLT + MMx-induced
degradation of articular cartilage through the inhibition of chon-
drocyte apoptosis and secretion of inflammatory cytokines.
The apoptosis of chondrocytes degrades articular cartilage,
which is the primary factor contributing to the development of
the OA. The results obtained in the present study showed that
ACLT + MMx induced the apoptosis of chondrocytes in the
articular cartilage of the rats, compared with that in normal rats.
Treatment of the rats with tanshinone IIA following exposure to
ACLT + MMx significantly inhibited the induced apoptosis of
chondrocytes. Therefore, tanshinone ITA treatment prevented
the damage to the articular cartilage induced by ACLT + MMx



in rats. Another important factor responsible for the integrity of
the cartilage is collagen, and its breakdown has been observed
in patients with OA (25). The commonly distributed collagen in
cartilage is the type II collagen, and its degradation by MMP-13
is prevented by the intervention of TIMP-1 (26-28). Disturbance
of the equilibrium between MMP-13 and TIMPs due to various
factors leads to the development of OA (11). The results of the
present study revealed that ACLT + MMX increased the expres-
sion of MMP-13 in the articular cartilage tissues of the rats.
Treatment of the rats with tanshinone ITA following exposure to
ACLT + MMx inhibited the increased expression of MMP-13,
and maintained the equilibrium between MMP-13 and TIMPs.

Inflammatory cytokines initiate inflammatory reactions,
which indicate the beginning of OA. Previous studies have
reported that the levels of proinflammatory cytokines, including
IL-1B, TNF-a and iNOS, were markedly increased in OA
patients compared with in healthy controls (29). Furthermore,
NO radicals, generated by the activity of iNOS, have been iden-
tified as responsible for the induction of cell apoptosis and the
increased secretion of MMP-13 in tissues (30). The results of the
present study demonstrated that rats of the ACLT + MMx group
exhibited increased serum levels of iNOS, IL-1f3 and TNF-a.
Conversely, the levels of iNOS IL-1p and TNF-a were signifi-
cantly decreased following treatment with tanshinone IIA. The
biosynthesis of collagen in the cartilage matrix is regulated by the
activity of various factors, including TGF-f§ and BMP-2 (31). In
the present study, tanshinone ITA treatment in the ACLT + MMx
rats increased the expression levels of TGF-3 and BMP-2.

In conclusion, the present study demonstrated that tanshi-
none ITA effectively inhibited chondrocyte apoptosis and the
degradation of articular cartilage in the ACLT + MMx rat model
through inhibiting the expression of inflammatory cytokines.
Therefore, tanshinone IIA may be used for the treatment of OA.
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