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Metformin inhibits inflammation and bone destruction in collagen-
induced arthritis in rats
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Background: Metformin (MF) is a widely used biguanide oral hypoglycemic agent, which has obvious
anti-inflammatory and immunomodulatory effects. However, the mechanism of MF on rheumatoid
arthritis (RA) remains uncertain. In this study, we investigated the therapeutic effects of MF on collagen-
induced arthritis (CIA).

Methods: CIA was induced in rats by intradermal injection of a mixture of bovine type II collagen and
incomplete Freund’s adjuvant (IFA) on day 0 and day 7 through the base of the tail. Intraperitoneal injection
of MF (100 mg/kg) was given every 3 days, from day 14 for 3 weeks. The effects of MF on arthritis-
induced systemic inflammation and synovitis were studied by pathological analysis of the knee joint and
serological examination of peripheral blood in CIA rats. The bone protection effect of MF was studied by
microscopic computed tomography (micro-CT) and histological analysis of the knee joint. The effects of
MEF on chondrocytes in CIA rats were studied by detecting the relevant pro-apoptotic mediators in the
chondrocytes.

Results: After administration of MF in CIA rats, systemic inflammation and synovitis caused by arthritis
were significantly suppressed. Histomorphometry and micro-CT analysis of the knee joint revealed that MF
can protect bone by inhibiting the changes of trabecular bone in CIA rats. Histological analysis of the knee
joint found that MF can inhibit osteoclast formation and degradation of the cartilage layer matrix. Detection
of the relevant pro-apoptotic mediators in chondrocytes revealed that MF can significantly inhibit the
apoptosis of chondrocytes in CIA rats.

Conclusions: Our study showed that MF can inhibit systemic inflammation and synovitis and plays a role
in bone protection by inhibiting cartilage layer matrix degradation, osteoclast formation, and chondrocyte

apoptosis.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease
that is mainly characterized by progressive arthritis leading
to joint damage and dysfunction. Several studies have
shown that the secretion of proinflammatory cytokines and
bone destruction are closely related to the pathogenesis of
RA (1). A large number of studies have found that
interleukin-1p (IL-1B) and tumor necrosis factor-a
(TNF-a) play important roles in the pathogenesis of RA (2).
Terkeltaub et 4l. found that IL-1p and TNF-o can induce
cartilage destruction and precipitate bone destruction
(3,4). In joints, the balance between bone formation by
osteoblasts and bone resorption by osteoclasts is involved
in maintaining bone homeostasis (5). The inflammatory
microenvironment can activate bone resorption and inhibit
the reparative effect of osteoblasts, leading to bone erosion.
Danks et al. found that IL-1p and TNF-o can alter bone
homeostasis and cause bone destruction (6). Therefore,
proinflammatory cytokines and bone homeostasis contribute
significantly to the progression of RA.

Metformin (MF) is a common oral hypoglycemic agent
mainly used to treat type 2 diabetes. In patients with RA,
glucose metabolism affects disease progression (7); it can
be reasoned that optimizing glucose metabolism may help
to control RA activity. Son ez 4l. found that MF can reduce
the inflammation of arthritis by regulating the T helper 17/
regulatory T cell (Th17/Treg) balance (8). Furthermore,
Chen ez al. found that MF can inhibit the proliferation
of RA fibroblast-like synoviocytes through the insulin-
like growth factor receptor (IGF-IR)/phosphoinositide
3-kinase (PI3K)/protein kinase B (Akt)/mammalian
target of rapamycin (mTOR) pathway (9). Several
studies iz vitro have found that MF can inhibit osteoclast
activation and induce osteoblast differentiation (10-12).
Conversely, MF has also been observed to inhibit osteoblast
differentiation (13). Therefore, the mechanism of MF on
RA requires further investigation.

Collagen-induced arthritis (CIA) is the most widely
used model to simulate the development of RA. In our
study, we investigated the protective effects of MF on
systemic inflammation and joints in CIA rats. Detection
of serum-related inflammatory factors, histological and
immunohistochemical analysis of knee joints, and detection
of the expression of related genes in cartilage were
performed to elucidate whether MF may be a potential
therapeutic agent for RA.
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We present the following article in accordance with the
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-3042).

Methods
Animals

Male Wistar rats (7-8 weeks old) were provided by the
Laboratory Animal Center of the Ninth People’s Hospital
affiliated to Shanghai Jiao Tong University Hospital. They
were kept in a specialized environment with independent
ventilated cages (IVC) in specific-pathogen-free (SPF)
facilities with pathogen-free conditions. The experimental
protocol was approved by the Ethics Committee of the
Ninth People’s Hospital affiliated to Shanghai Jiao Tong
University School of Medicine {No. HKDL[2017]207}, in
compliance with institutional guidelines for the care and use
of animals.

Drugs and reagents

MF was purchased from Bristol-Myers Squibb (Shanghai,
China). The 2 mg/mL bovine type II collagen (CII) and
incomplete Freund’s adjuvant (IFA) were purchased from
Chondrex (Redmond, WA, USA). The primary antibodies
of matrix metallopeptidase 9 (MMP-9) and a disintegrin
and metalloproteinase with thrombospondin-like motifs
5 (ADAMTS-5) were purchased from Cell Signaling
Technology (CST) (Danvers, MA, USA). Rat enzyme-
linked immunosorbent assay (ELISA) kits (TNF-a and
IL-1B) were purchased from Multi Sciences (Hangzhou,
Zhejiang, China). The TRIzol reagent was purchased from
Ambion (Shanghai, China). The complementary DNA
(cDNA) reverse transcription kit was purchased from
"Takara Bio (Kusatsu, Shiga, Japan).

Experimental protocols

We randomly allocated 36 rats into equal groups of three
groups: a normal group, a CIA group, and CIA treated
with MF group. With the exception of the normal group,
the other two groups of rats were immunized. On day 0,
IFA and CII were emulsified at 1:1 and then injected
intradermally into the base of the rats’ tails. On day 7, the
same emulsion was injected in the same way. Beginning on
the 14" day, MF (100 mg/kg) was injected intraperitoneally
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into CIA rats every 3" day for 3 weeks.

Pharmacodynamic evaluation

After the first immunization, two independent observers
monitored the clinical symptoms of the rats twice a week
and measured the volume of the hind paws. At the same
time, the severity of arthritis on each paw of the rats was
scored from 0 to 4 according to the following system: 0,
normal; 1, mild swelling; 2, moderate swelling at the ankle;
3, obvious swelling, including ankles, feet, and toes; 4,
severe arthritis involving the entire paw.

Determination of TNF-a and IL-1p in peripheral blood

At the end of the experiment, all rats were anesthetized
with an intraperitoneal injection of sodium pentobarbital
(45 mg/kg) and then killed by cervical dislocation. The
upper plasma was obtained after peripheral was blood
taken and centrifuged at 3,500 rpm for 10 min at 4 °C. The
levels of cytokines (IL-1B, TNF-0) in the rat plasma were
measured according to the instructions of the ELISA kit.

Microscopic computed tomography (micro-CT)
examination

The hind limbs of the rats were dissected and fixed in 4%
paraformaldehyde (PFA), and then subjected to micro-
CT analysis using the Inveon Micro positron emission
tomography (PET)/CT system (Siemens Co., Knoxville,
TN, USA). A tomographic scan of the hind limbs was
performed with a custom resolution of 10 pm, a voltage of
70 kV, and a current of 114 mA. We reconstructed and
analyzed the three-dimensional (3D) structure and
morphometry in a double-blind manner. The area between
the proximal tibia and the distal femur was selected for
analysis of the following parameters: trabecular bone
volume fraction (Trab BV/TV), trabecular spacing (Tb.Sp),
trabecular number (Tb.N), and trabecular thickness (Th. Th).

Histopathological analysis of the knee joint

The hind legs were separated and placed in 4% PFA for
24 h, and then decalcified with 0.5 M ethylenediamine
tetraacetic acid (EDTA) and embedded in paraffin. Paraffin
sections with a thickness of 5 ym were prepared, dewaxed
with xylene, gradiently dehydrated with ethanol, and finally
subjected to hematoxylin and eosin (HE), tartrate resistant
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acid phosphatase (TRAP), alcian blue, and toluidine blue
staining. Synovial hyperplasia, inflammatory infiltration,
and neovascularization in the knee joint were analyzed
by HE staining. The number and area of osteoblasts and
osteoclasts in the knee joint were observed by HE and
TRAP staining to evaluate the bone destruction of the joint.
The cartilage degradation in the knee joint was analyzed by
alcian blue and toluidine blue staining.

Immunobistochemistry

The slices were dewaxed in xylene and hydrated with
gradient alcohol. Proteinase K digestion buffer was added
to repair the antigen, and 3% hydrogen peroxide was
added to block endogenous peroxidase. Next, they were
blocked with 5% bovine serum albumin (BSA) and then
incubated overnight with the primary antibodies (MMP-9,
ADAMTS-5) at 4 °C. The slices were then washed of the
primary antibodies and incubated with the secondary
antibody at room temperature for 30 min; Dolichos bifloris
agglutinin (DBA) was then added for color development.
The slides were restained with Mayer’s hematoxylin and
then installed. The expression level of antibodies in articular
cartilage was evaluated by two independent observers.

Real-time polymerase-chain reaction (RT-PCR)

Total RNA was extracted from the rat femoral head using
the TRIzol reagent, and the concentration and purity were
measured. The cDNA reverse transcription kit was used
to reverse-transcribe into cDNA according to standard
procedures. The RT-PCR primers were synthesized by
Shanghai Sangon Biological Engineering Technology &
Services Co., Ltd. The primers were as follows: caspase-3
(Casp3) (F): 5'-GGAGCTTGGAACGCGAAGAA-3'
and (R): 5'-ACACAAGCCCATTTCAGGGT-3";
Bcl-2 associated X protein (Bax) (F):
5'-TTGCTACAGGGTTTCATCCAGG-3" and (R):
5'-CACTCGCTCAGCTTCTTGGT-3"; protein 53 (p53)
(F): 5'-CCCCTGAAGACTGGATAACTGT-3" and (R):
5'-CACTTGGAGGGCTTCCTCTG-3". Gene expression
levels of Casp3, Bax, and p53 were measured via RT-PCR
(ABI 7500, Applied Biosystems Inc., USA), according to the

manufacturer’s protocols.

Statistical analysis

The results are expressed as mean = standard deviation (SD).
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Figure 1 Protective effect of MF on CIA rats. (A) Representative images of paw swelling in the normal, CIA, and MF group on the day after

the end of the administration; (B) the paw swelling and arthritic scores of the mice in the normal, CIA, and MF group. The CIA group showed

significant paw swelling from day 14. After MF treatment, the swelling of the ankle joint was significantly relieved from day 21 onwards.

Arthritic score revealed that the arthritis symptoms of the CIA group began on day 14 and peaked around day 21. After MF treatment,

arthritis symptoms were significantly relieved from day 26. All data are expressed as mean + SD. *, P<0.05, * P<0.01 the CIA group vs. the

normal group; *, P<0.05, **, P<0.01 the MF group vs. the CIA group. ME, metformin; CIA, collagen-induced arthritis; SD, standard deviation.

The statistical significance between various groups was
analyzed using one-way analysis of variance (ANOVA) in
SPSS 22.0 software. Differences between groups of P<0.05
were considered statistically significant.

Results

MF inhibited the progression of arthritis and systemic
inflammation in CIA rats

No rat death was observed during the course of the
experiment. Beginning the 10" day, the paws of the
immunized rats presented as obviously red and swollen
and reached a peak on the 18" day. Beginning the 14" day,
MEF was injected intraperitoneally into the CIA rats every
3 days for 3 weeks. Following treatment with ME arthritis

© Annals of Translational Medicine. All rights reserved.

symptoms were significantly reduced (Figure 1A4). The
CIA group showed significant paw swelling from day 14.
After administration of MF, the ankle joint swelling
was significantly reduced from day 21 (Figure 1B). As
revealed by the arthritic score, the arthritis symptoms
of the CIA group were apparent on the 14™ day and
reached a peak at around day 21. After MF treatment,
arthritic symptoms were significantly relieved from day 26
(Figure 1B). After completion of administration, the
levels of pro-inflammatory cytokines (IL-1p, TNF-a)
in the peripheral plasma were measured by ELISA test.
The levels of IL-1p and TNF-a in the peripheral blood
of the CIA group were significantly increased, but they
were significantly reduced in the MF group (Figure 2A).
Therefore, these results demonstrate that MF has a
significant inhibitory effect on arthritis symptoms and
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Figure 2 Effects of MF on arthritis and systemic inflammation in CIA rats. Representative knee joint sections stained with hematoxylin
and eosin. The black boxes represent areas of magnification in the corresponding figure below. (A) Cytokine levels in rat peripheral plasma.
The levels of proinflammatory cytokines (IL-1B, TNF-a) in peripheral blood in the CIA group were significantly increased, but they were
significantly reduced in the MF group; (B) effect of MF on the synovial membrane of the knee joints of CIA rats. Compared with the
joints of normal rats, CIA rats showed obvious symptoms of RA, such as synovial hyperplasia, inflammatory cell infiltration (black arrow),
and neovascularization (yellow arrow). After MF treatment, synovial hyperplasia, inflammatory infiltration, and neovascularization were
significantly inhibited in CIA rats. Scale bar, 200 pm (upper panel) and 100 pm (lower panel). All data are expressed as mean + SD. *, P<0.01
the CIA group vs. the normal group; *, P<0.05, **, P<0.01 the MF group vs. the CIA group. MF, metformin; CIA, collagen-induced arthritis;
TL-1B, interleukin-1B; TNF-a, tumor necrosis factor-o; RA, rheumatoid arthritis; SD, standard deviation.

systemic inflammation in CIA rats.
MF inhibited synovial hyperplasia, inflammmatory

infiltration, and neovascularization in CIA rats

Compared with the joints of the normal rats, CIA rats

© Annals of Translational Medicine. All rights reserved.

showed obvious symptoms of RA, such as synovial
hyperplasia, inflammatory cell infiltration, and
neovascularization. Histological analysis found that MF
improved arthritis symptoms in CIA rats. The histological
score of the synovium showed that MF significantly
inhibited synovial hyperplasia, inflammatory infiltration,
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Figure 3 Effects of MF on joint bone erosion in CIA rats. Reconstructed 3D micro-CT images of knee joints of the normal, CIA, and MF
group rats to show joint bone erosion. The values of BV/TV, Tb.N, and Tb.Th of the CIA group were downregulated, and the values of
Tb.Sp were upregulated. After 3 weeks of MF treatment, the values of BV/TV, Tb.N, and Tb.Th were significantly upregulated, and the
values of Tb.Sp were significantly reduced. All data are expressed as mean = SD. *, P<0.05, ™, P<0.01 the CIA group vs. the normal group;
*, P<0.05, **, P<0.01 the MF group vs. the CIA group. MF, metformin; CIA, collagen-induced arthritis; 3D, three-dimensional; micro-
CT, microscopic computed tomography; BV/TV, bone volume fraction; Tb.N, trabecular number; Tb. Th, trabecular thickness; Tb.Sp,

trabecular spacing; SD, standard deviation.

and neovascularization in CIA rats (Figure 2B).

MF improved the joint bone destruction in CLA rats

Compared with the joints of normal rats, there was
significant bone destruction in the knee joints of CIA rats.
After treatment with ME, the bone destruction phenomenon
was significantly improved. From the parameter analysis
of rat knee micro-CT, it could be seen that the values
of BV/TV, Tb.N and Tb.Th of the CIA group were
downregulated, and the values of Tb.Sp were upregulated.
After 3 weeks of MF treatment, the values of BV/TV, Tb.N,

© Annals of Translational Medicine. All rights reserved.

and Tb.Th were significantly upregulated, and the values
of Tb.Sp were significantly reduced (Figure 3). Osteoblasts
play a very important role in regulating bone metabolism.
Compared to normal rats, there was a significant decline in
osteoblasts in the region of knee joint in CIA rats. There
was no significant improvement observed in osteoblast
loss in the regions of subchondral bone and trabecular
bone after the administration of MF (Figure 4). Osteoclast
formation is a major problem in RA. Compared to normal
rats, there was a significant increase in osteoclasts in the
knee joint region of CIA rats. After treatment with ME,
the proliferation of osteoclasts in cartilage and trabecular

Ann Transl Med 2020;8(23):1565 | http://dx.doi.org/10.21037/atm-20-3042



Annals of Translational Medicine, Vol 8, No 23 December 2020

A

€
< 301 £80
R 20 @ 40-
B Q
Q ## Q
© 104 Z 201
0- 0-

Nor CIA MF

Page 7 of 12

CIA MF

Figure 4 Effect of MF on osteoblasts in joints of CIA rats. Representative knee joint sections stained with hematoxylin and eosin. Compared

to normal rats, there was a significant loss of osteoblasts (yellow arrow) in the region of the knee joint in CIA rats. There was no significant

improvement in osteoblast loss in the regions of subchondral bone (A) and trabecular bone (B) after administration of MF. Scale bar,

50 pm (upper panel) and 100 pm (lower panel). All data are expressed as mean = SD. *, P<0.01 the CIA group vs. the normal group. MF,

metformin; CIA, collagen-induced arthritis; SD, standard deviation.

bone was significantly alleviated (Figure 5). Therefore, MF
can play a bone protective role by inhibiting osteoclast
formation.

MF inbhibited cartilage destruction in CIA rats

Damage of the articular cartilage is another important
factor that contributes to bone destruction. Compared
to normal rats, there was significant degradation of the
cartilage layer of the knee joint in CIA rats. After treatment
with ME, the cartilage damage was significantly alleviated
(Figure 6). The roles of enzymes MMP-9 and ADAMTS-5

are very important in the degradation of articular cartilage.

© Annals of Translational Medicine. All rights reserved.

Compared with the normal group, the expression of MMP-9
and ADAMTS-S in cartilage of CIA rats was significantly
increased, but was decreased following treatment with
MF (Figure 7A4,B). Casp3, Bax and p53, are important
in regulating apoptosis of chondrocytes. Accordingly,
we analyzed their expression in chondrocytes by RT-
PCR. Compared to normal rats, the mRNA expression
of Casp3, Bax, and p53 in the chondrocytes of CIA rats
was significantly higher (Figure 7C). Nevertheless, the
mRNA expression of Casp3, Bax, and p53 was significantly
decreased after MF treatment. Therefore, MF was seen to
have a protective effect against apoptosis of chondrocytes in

CIA rats.
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Figure 5 Effect of MF on osteoclasts in joints of CIA rats. Representative knee joint sections stained with TRAP. Compared to normal rats,
there was a significant increase in osteoclasts in the region of knee joint in CIA rats. After treatment with MF, the proliferation of osteoclasts
in the regions of cartilage (A) and trabecular bone (B) was significantly alleviated. Scale bar, 100 pm (upper panel) and 50 pm (lower panel).
All data are expressed as mean = SD. " P<0.01 the CIA group vs. the normal group; *, P<0.05 the MF group vs. the CIA group. MF,
metformin; CIA, collagen-induced arthritis; TRAP, tartrateresistant acid phosphatase; SD, standard deviation.

Discussion

In the current study, we used the established CIA model
to study the effects of MF on inflammation and bone
destruction in arthritis. Inflammation and joint destruction
caused by synovitis are the main features of RA (14).
The synovial tissue of RA joints showed significant
synovial hyperplasia, inflammatory infiltration, and
neovascularization (15). In addition, the breakdown of
the synovial membrane can lead to cartilage destruction
and bone erosion (16). Multiple studies have found that
MF can reduce arthritis inflammation by regulating the
Th17/Treg balance (8). However, studies on the protective

© Annals of Translational Medicine. All rights reserved.

effects of MF on bone and cartilage conferred by RA
are still relatively few. In our collaborative research with
Li et al., we found that MF can significantly limit the
development and progress of osteoarthritis to aid in bone
protection (17). Therefore, it is interesting to study the
role of MF in protecting bone in RA. In our study, we
found that MF-treated CIA rats had significantly reduced
paw volume and arthritis scores. In previous studies, we
found a significant increase in inflammatory cytokines
in the peripheral blood of CIA rats (18). In this study,
systemic inflammation mediated by cytokines (including
IL-1B and TNF-0) in the peripheral blood of CIA rats
after MF treatment was controlled. Histological analysis
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Figure 6 Effect of MF on cartilage in joints of CIA rats. Representative knee joint sections stained with Alcian blue (upper panel) and

Toluidine blue (lower panel). Compared to normal rats, the cartilage layer of the knee joint in CIA rats was significantly degraded. After

treatment with MF, the cartilage damage was significantly alleviated. Scale bar, 50 pum. All data are expressed as mean = SD. *, P<0.01 the

CIA group vs. the normal group; **, P<0.01 the MF group vs. the CIA group. MF, metformin; CIA, collagen-induced arthritis; SD, standard

deviation.

of the knee joint revealed that synovial hyperplasia was
suppressed, inflammatory infiltration was reduced, and
neovascularization was controlled after MF treatment. In
summary, our results indicated that MF can significantly
inhibit systemic inflammation and synovitis in CIA rats.

In addition to inflammation, CIA rats also exhibit
severe bone erosion. In order to determine whether MF
can protect bones against the erosion caused by arthritis,
we analyzed the knee joint microstructure by micro-CT
and histomorphometry. Studies have reported that the
number, volume, and thickness of trabeculae of CIA rats are
significantly reduced, and the distance between trabeculae is
increased. In our study, after MF treatment was applied, the
CIA-related bone destruction was significantly suppressed.
The severity of bone destruction is closely related to the
balance between osteoblasts and osteoclasts (19). Staining
of the knee joint with HE revealed that severe osteoblast
loss had occurred in the subchondral bone and trabecular
bone area of CIA rats, and it was not significantly improved
after MF treatment. Staining of the knee joint with TRAP
revealed that osteoclasts in the subchondral bone and

© Annals of Translational Medicine. All rights reserved.

trabecular bone region of CIA rats were significantly
increased, and were significantly inhibited after MF
treatment. Therefore, our results indicated that MF can
exert bone protection by inhibiting osteoclast formation.
Damage to the articular cartilage is also an important
cause of bone destruction (20,21). Cartilage is mainly
composed of chondrocytes and extracellular matrix
(ECM). The composition of ECM is mainly interstitial
fluid, collagen, and proteoglycans. Under physiological
conditions, the balance of chondrocytes and ECM maintains
the homeostasis of cartilage (22). However, in the case of
RA, this steady state is interrupted. Alcian blue and toluidine
blue staining of the knee joints revealed that the cartilage
layer of CIA rats had become significantly degraded, and
was improved after treatment with MF. In cartilage damage,
ADAMTS and matrix metalloproteinases (MMPs) all play
important roles in the degradation of ECM (23). The
most important enzyme in MMPs is MMP-9; it is highly
expressed in arthritis, can specifically degrade collagen, and
its reduction can ameliorate the progress of arthritis (24,25).
ADAMTS-5 is considered the most important enzyme

Ann Transl Med 2020;8(23):1565 | http://dx.doi.org/10.21037/atm-20-3042
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Figure 7 Effects of MF on ADAMTS-5 (A), MMP-9 (B) in cartilage of the knee joints in CIA rats. Representative knee joint sections were
processed by immunohistochemistry. The black boxes represent areas of magnification in the corresponding figure below. Compared with
the normal group, the expression of MMP-9 and ADAMTS-5 in cartilage of CIA rats was significantly increased, but decreased after MF
treatment; (C) effects of MF on the expression of Casp3, Bax and p53 in chondrocytes in CIA rats. The mRINA expression of Casp3, Bax
and p53 in chondrocytes in CIA rats was significantly higher than that in normal rats. Nevertheless, the mRINA expression of Casp3, Bax
and p53 was significantly decreased after MF treatment. Scale bar, 200 pm (upper panel) and 50 pm (lower panel). All data are expressed as
mean = SD. ¥, P<0.05,*, P<0.01 the CIA group vs. the normal group; *, P<0.05, **, P<0.01 the MF group vs. the CIA group. MF, metformin;
ADAMTS-5, a disintegrin and metalloproteinase with thrombospondin-like motifs 5; MMP-9, matrix metallopeptidase 9; CIA, collagen-

induced arthritis; Casp3, caspase-3; Bax, Bcl-2 associated X protein; p53, protein 53; SD, standard deviation.

for degrading proteoglycans in ADAMTS (26). Chen
et al. found that ADAMTS-5 inhibitors can significantly
inhibit cartilage degeneration in arthritis (27). In our
study, the expression of MMP-9 and ADAMTS-5 in the
cartilage layer of CIA rats was increased, and was then
significantly inhibited after MF treatment. In addition to
the degradation of ECM, chondrocyte apoptosis causes
cartilage degeneration (28). Bax is a well-known pro-
apoptotic protein of the B-cell lymphoma-2 (Bcl-2) family,
and is thought to play an important role in chondrocyte
apoptosis (28). Belonging to the cysteine protease family,
Casp3 is considered to be an important mediator of nitric
oxide (NO)-induced chondrocyte apoptosis (29). The tumor
suppressor gene p53 plays a vital role in regulating bone
and chondrocyte apoptosis (30). In our study, the expression
of related pro-apoptotic genes (Bax, Casp3, and p53) in
chondrocytes in CIA rats was significantly increased, and

© Annals of Translational Medicine. All rights reserved.

the viability of chondrocytes was significantly increased after
MEF treatment. In summary, our results indicate that MF can
significantly inhibit cartilage degeneration induced by CIA.

Conclusions

Overall, this study clearly showed that MF can inhibit
systemic inflammation and synovitis, and protect bone by
inhibiting ECM degradation, osteoclast formation, and
chondrocyte apoptosis. Our results suggest that MF may be
a potential drug for the treatment of RA.
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