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Effects of estradiol on reduction of osteoarthritis in rabbits
through effect on matrix metalloproteinase proteins
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Objective(s): Osteoarthritis (OA), as a known degenerative joint disease, is the most common form of
arthritis. In this study, we aimed to elucidate unclear pathogenesis of OA.

Materials and Methods: Rabbit models of OA were established by the transection of the anterior
cruciate ligament. Rabbits were randomly divided into three equal groups: the experimental group (OA
modeling, treated with estradiol), the control group (OA modeling, treated with normal saline) and the
normal group (without OA modeling). The glycosaminoglycan (GAG) and hyaluronan (HA) content of
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Keywords: knee joint were collected and assayed. In addition, gene expression of matrix metalloproteinase
Estradiol (MMP)-1, MMP-13 and tissue inhibitor of metalloproteinase (TIMP)-1 were evaluated by real-time PCR
Matrix metalloproteinase and Wester.n blot analysis. . -

Osteoarthritis Results: Animal models were developed successfully. GAG and HA concentrations were significantly
Proteoglycan increased in the experimental and the normal group compared with the control group (P<0.05 and

P<0.01, respectively). Significant increase of GAG level in 6, 9 and 12 week-samples were found in the
experimental group compared with the control group (P<0.01). The expression level of MMP-1 and
MMP-13 in the experimental group were lower than the control group (P<0.01), but still higher than
those of the normal group (P<0.01). TIMP-1 expression level was found to be higher in the
experimental group than that of the control and normal group (P<0.01).

Conclusion: The results suggested the possible role of estradiol in the pathological process of OA via its
effect on the MMPs. The results also implied the effect of estradiol intervention on OA.
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regulating expression levels of cytokine (5).

Osteoarthritis (0OA) is a painful, chronic, Moreover, it is thought that the cytokine matrix

degenerative joint disease. It is characterized by the
articular cartilage damage, osteophytes on the articular
surface, synovial cell hyperplasia, synovitis and joint
space narrowing (1). Epidemiological studies have
shown that OA usually occurs in postmenopausal
women, and its incidence is closely linked to estrogen
levels (2). Reports revealed that estrogen can delay the
degeneration of articular cartilage and reduce the risk
of osteoarthritis occurrence (3, 4). However, to
understand the efficiency of estrogen intervention, a
more comprehensive understanding of the principles is
necessary.

The definite mechanisms wherein the estradiol
affects OA are not entirely clear. Recent studies
suggest that cytokines are important risk factors for
OA, and estrogen may protect articular cartilage by

metalloproteinase (MMPs) play a significant role in
the pathogenesis of OA by degradation of almost all
extracellular matrix of chondrocytes (6). On the
other hand, the specific inhibitor of MMPs (tissue
inhibitor of metalloproteinases, TIMPs) is endogenic
and widespread low molecular weight protein, which
can specifically inhibit the activity of MMPs (7). The
increased synthesis of MMPs and the decreased
synthesis of TIMPs in OA articular cartilage lead to
the physiological imbalance between synthesis and
degradation of cartilage extracellular matrix (ECM),
which may cause cartilage degeneration (8). It is
shown that in female patients with OA, the high-dose
estrogen inhibits the expression of MMP-1, MMP-13
and TIMP-1 (9). It is also suggested that the balance
between MMPs and TIMPs is particularly weighty.
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However, findings showed that the expression of
MMP-1 can be significantly inhibited by estrogen, but
it had no obvious effect on the level of MMP-3, MMP-
13 and TIMP-1 (10).

Proteoglycan (PG) is an important part of
articular cartilage matrix. Studies of OA pathogenesis
have shown that the degradation of PG and collagen
fibers is the main physiological and pathological
basis of OA occurrence (11, 12). The reduced
synthesis and increased decomposition of articular
cartilage ECM are one of the important causes of OA
cartilage degeneration. Furthermore, PG is an
important component of articular cartilage ECM.
Glycosaminoglycan (GAG) makes up more than 90%
of PG (by weight) (13), and it is the decisive
functional group of PG. The PG monomer non-
covalently linked to hyaluronan, commonly known as
hyaluronic acid (HA) to form an aggregate (14). It is
shown that OA reduces the content of GAG and HA,
which can be significantly alleviated by estrogen
(15). Thereby estrogen can protect OA by inhibiting
the degradation of glycoprotein.

Since numerous factors are involved in OA4, it is
helpful to perform the multiple-factor conjoint
analysis. Previously, the effect of estrogen and
progestin had been investigated on the expression of
MMPs (16), but the study were only limited to
evaluation of mRNA level and no other factors.
Therefore, this study presents understanding that
the combined action of MMPs and PG is limited. In
the current study, the anterior cruciate ligament
transaction (ACLT)-based animal model of OA was
established and then, the effects of estradiol were
analyzed by the changes of PG, MMP1, MMP13 and
TIMP-1. The latter three were detected by real-time
PCR and Western blot analysis. The focus of this
study was to further explore the pathogenesis of OA.

Ethic

This research project has been approved by
General Hospital of Jinan Military Command, Jinan,
China Ethics Committee and was performed in
accordance with the ethical standards.

Animal models and treatments

Thirty six adults New Zealand white female
rabbits weighing 2 to 3 kg (conventional animals),
were provided by the Experimental Animal Center of
the Shandong University of Traditional Chinese
Medicine. After anesthesia with ketamine (0.1 mg kg
1) intraperitoneally, one knee joint of each rabbit
was randomly selected. Based on medial
patellar incision, the anterior cruciate ligament was
transected under direct vision. The anterior drawer
test was performed to confirm the ligament rupture
completely. No. 1 silk sutured the joint cavity to
establish the OA model (7).
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All rabbits were housed individually in each cage
with size of 60 cm x 60 cm x 40 cm. Rabbits were
randomly divided into three groups: (1) the normal
group (n=12) without OA modeling process were
feed normally; (2) the experimental group (n=12)
were treated with 0. 025 mg mL! 17-estradiol
(0. 02 mg kg, 0.9% normal saline as diluents)
(Sigma Chemical Co., St Louis, MO, USA)
intramuscularly once a day; (3) the control group
was administered by intramuscular injection with
normal saline once a day (0.8 ml kg1).

Content determination of glycosaminoglycan and
hyaluronan

Four rabbits were anesthetized and euthanized in
6 weeks, 9 weeks and 12 weeks in each group,
respectively. Then the contents of GAG and HA in
cartilage were identified. Approximately 10 mg of
degenerated articular cartilage of medial femoral
condyle were taken. GAG was qualitatively
determined by Alcian blue staining according to
manufacturer’s instruction of rabbit GAG ELISA kit
(Shanghai Bioleaf Biotech Co., Ltd., Shanghai, China,
M1402-2). Briefly, GAG and Alcian blue can quickly
generate soluble GAG-Alcian blue compound. Since
light absorption between GAG-Alcian blue compound
and Alcian blue is different, the content of GAG could
be detected through the measurement of GAG-Alcian
blue compound content at 260 nm by colorimetric
method. The measurement of HA content was
proceeded with specification of the rabbit HA ELISA
Kit (Shang hai jiang lai Bio-Technology Co., Ltd.,
Shanghai, China).

RNA extraction and cDNA obtained

Two samples (degenerated articular cartilage of
medial femoral condyle and medial synovial
membrane of articular cavity) of each animal group
obtained above were homogenized in 1 ml Trizol,
and then total RNA was extracted by the RNA
extraction kit (Shanghai Sangon Biotech Co., Ltd,
Shanghai, China). The integrity of extracted RNA was
evaluated by agarose gel electrophoresis. The purity
and concentration of total RNA were detected
by measurement of the absorbance at 260 nm/280
nm with the use of UV spectrophotometer. Then the
RNA was set to the same concentration with 0.1%
diethyl  pryrocarbonate  (DEPC)-treated  and
autoclaved distilled water.

Reverse transcription-PCR was performed using
the provided reagents in Kit (Invitrogen, Carlsbad,
CA, USA). The total reaction volume was 20 pl,
including 4 pl total RNA, 1ul random oligonucleotide
primers (50 pg/ml) and 7.5 pl double distilled water.
The mixture was placed on ice for 5 min after
denaturation, and the reaction continued by adding
RNAs 0.5 pl, 10 mmol ANTP 2 pl, 5x buffer 4 ul, and
RTase 1 pl. Then the reaction was achieved at 37 °C
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Table 1. Primers of the matrix metalloproteinase (MMP-1), MMP-3, tissue inhibitor of metalloproteinase (TIMP)-1 and B-actin

Sense strand

Anti-sense strand

MMP-1 5'-GGTATGATGAATATAAACG-3' 5'-CTGCAGTTGAACCAGCT-3'
MMP-13 5'-GGCCATCTCTTCCTTCAG-3' 5'-GTCACTTTCTTTGCATTTGG-3'
TIMP-1 5'-TACACCCCCGCCATGG-3' 5'-GTCCACAAGCAATGAGTG-3'
B-actin 5'-ATGTTTGTGATGGGCGTGAA-3' 5'-CGAAGTGGTCGTGGATGA-3'

for 60 min and inactivated at 70 °C for 15 min. The
cDNA was frozen persevered at -20 °C.

Real-time PCR detection

cDNA of 12 weeks euthanized rabbits with
normal, control and experimental groups were used.
MMP-1, MMP-13, TIMP-1 and B-actin primers were
designed. Primer sequences are shown in Table 1,
wherein the obtained MMP-1 fragment was 205 bp,
MMP-3 fragment was 400 bp, TIMP-1 fragment was
260 bp, and (-actin fragment was 118 bp.

Total 25 pl reaction system including 100 ng
cDNA, Real-time Sybr Green PCR regent (Invitrogen,
Carlsbad, CA, USA), 5 ul 5x real-time PCR buffer, 0.5
ul MgC1,, 0.75 pl ANTP, 0.4 pl up stream primer, 0.4
ul down stream primer, 0.25 pl Tagpolymerase, 2pl
template, and water made up to 25 pl. The
cycling conditions were as follows: denaturation at
94 °C for 30 sec, annealing (MMP-1 at 60 °C; MMP- 2
at 58 °C, TIMP-1 at 61 °C) 30sec, and extension at
72 °C for 30 sec. Cycles were as follows: MMP-1, 50
cycles; MMP-2, 46 cycles; TIMP-1, 45 cycles.
Amplification reaction was conducted in the ABI
Prism 7900HT real-time thermal cycler (Applied
Biosystems, Carlsbad, CA, USA). The (-actin was used
as internal control for the separate groups mRNA
expression.

Western blot analysis

Approximately, 10 mg degenerated articular
cartilage of medial femoral condyle of the articular
cavity was taken from 12 weeks euthanized rabbits
in normal, control and experimental groups.
After washing twice with phosphate-buffered saline
(PBS), samples were grinded and lysed in radio
immunoprecipitation assay buffer and collected by
centrifugation (14,000 rpm for 20 min, 4 °C). Protein
concentrations of the samples were determined, and

Figure 1. Osteoarthritis model of rabbits

the desired volume of each sample for equal protein
was calculated. About 50 pg protein of each sample
was separated by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to nitrocellulose (NC). The NC membrane
was initially blocked with 5% skim milk (TBS-T) and
shaken at room temperature for 1 to 2 hr. Then the
blocking solution diluted primary antibody (MMP-1,
MMP-13, TIMP-1, 1:1000, Santa Cruz Biotechnology
Inc,, Santa Cruz, California, USA) was added to NC
membrane and incubated at 4 °C overnight.
Subsequently, the NC membrane was washed with
TBS-T for three times (each time for 15 min). In the
dark, the enhanced chemiluminescence (ECL)
reagent (Millipore Co., Billerica, MA, USA) was used
to expose the membrane to film.

Statistical analysis

Statistical analysis was performed and comparisons
among the groups were computed on SPSS 17.0. Data
were analyzed by ANOVA analysis and pair wise
comparison of samples means were examined by least
significant difference (LSD) with (x + s). P-values less
than 0.05 was considered statistically significant.

Construction of osteoarthritis animal model

The articular cartilage surface of the normal rabbits
was smooth, with normal color, no cartilage surface
cracks and dents, and no osteophyte formation (Figure
1 A). In the OA model rabbits, the joints were swollen
and deformed, the cartilage color was gray, erosion
was found on the rough surface, surface fissures and
fibrosis were mainly found in the tackle and the femoral
condyle of cartilage, defects were found on the double-
femoral condyles and surface cartilage of tibial articular
condyle, subchondral bone was exposed, and
osteophytosis was obvious (Figure 1B).

A. The articular cartilage surface of the normal rabbits. B. The articular cartilage surface of the OA model rabbits.
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Table 2. Glycosaminoglycan (GAG) and hyaluronan (HA) in cartilage of normal, control and experimental groups at different sampling

times (mg-g1)

6 weeks

9 weeks 12 weeks

Groups GAG HA

HA HA

44+1
33+2
411"

1.05+0.03
0.77+0.01"
1.09+0.03

Normal
Control
Experimental

1.36+0.03"
0.55+0.01"
1.35+0.02°

1.65+0.02"
0.43+0.02"#
1.66+0.02"

" P<0.01, #: P< 0.05.

Content of glycosaminoglycan and hyaluronan

In 6, 9 and 12 week-samples, GAG level of the
experimental group were all similar with the normal
group, but significantly higher than those in the control
group (P<0.01). There was a negative correlation
between sampling time and GAG content
in the control group (P<0.05), while, no significant
changes were found in the control and the
experimental group. HA contents of the control group
were significantly lower than those in the experimental
and the normal group (P<0.01). With the extension of
sampling time, HA content was significantly reduced
(P<0.05 vs. P<0.01) in the control group, while it was
considerably increased in the control and the
experimental group (P<0.01) (Table 2).

Real-time PCR analysis of MMP-1, MMP-13 and
TIMP-1

Relative expression levels of MMP-1, MMP-13,
TIMP-1 and B-actin were shown in Table 3. The
expression levels of MMP-1 and MMP-13 in the control
group were significantly higher than that in the normal
group (P<0.01). The expression level of TIMP-1 was
also decreased compared with the other two groups
(P<0.01). Also, the expression level of MMP-1 and
MMP-13 in the experimental group were lower than
that in the control group (P<0.01), but still higher than
that of the normal group (P<0.01), while the TIMP-1
expression level of the experimental group was higher
than that in the control and the normal group (P<0.01).

Western blot analysis of MMP-1, MMP-13 and TIMP-1
The results (Figure 2) showed that the protein
expression of MMP-1 and MMP-13 of the control
group in articular cartilage of rabbit 's knee joint
were higher than that of the normal group (P<0.01),
whereas the expression of TIMP-1 was lower than
that of the normal group (P<0.01). The protein
expression levels of MMP-1 and MMP-13 in
experimental groups were lower than the control
group (P<0.01), while the expression of TIMP-1 was
higher than that of the control group (P <0.01).

OA is the most common form of arthritis, which
affects more than 20 million people in the United
States, and the number of newly diagnosed cases is
increased with years (17). The exact pathogenesis
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Figure 2. Western blot results of matrix metalloproteinase (MMP-
1), MMP-13 and tissue inhibitor of metalloproteinase (TIMP)-1

(at 12 weeks)

#: compared with normal group, P < 0.01. *: compared with control
group, P<0.01

of OA is unclear and needs to be elucidated. In this
study, the impact of estradiol on the changes of PG in
the OA model of rabbits (established by ACLT) was
discussed. In the control group, GAG and HA were
considerably lower with the extension of sampling
time in comparison with that in the experimental and
control group. The followed real-time PCR and
Western blot analysis were used to study MMP1,
MMP13 and TIMP-1 expression in the model. In the
control group, the mRNA and protein level of MMP-1
and MMP-13 was improved compared to that in the
normal group, whereas the level of TIMP-1 was
decreased.
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Besides, in the experimental group, the mRNA and
protein level of MMP-1 and MMP-13 was lower and the
TIMP-1 was higher than that of the control group.
However, the expression levels of both MMP-1 and
MMP-13 were higher than that in the normal group.
These results implied the effect of estradiol on PG and
MMPs/ TIMPs in OA model of rabbits.

The degradation of PG and collagen fibers is the
main physiological and pathological basis of the
occurrence of OA (18, 19). MMPs are thought to be
involved in the process of the ECM degradation of
articular cartilage (20). It is now widely acknowledged
that, OA is caused by the significant imbalance of
synthesis and degradation of cartilaginous ECM (21). In
addition, PG is made by a core protein, wherein the GAG
side chains are covalently bound to this protein and its
monomers can further link to the HA non-covalently to
form larger aggregates (22). GAG is the decisive
functional group and the main part of PG (90% by
weight).

Studies suggest that GAG and HA can be referenced
for the conversion of PG, since that cartilage GAG
content may indirectly reflect the levels of PG (23).
MMPs or TIMPs act directly or indirectly on synovial
joints and a variety of components of adjacent cells and
then result in an abnormal increase of PG metabolism,
more decomposition than synthesis of PG, the
considerable loss of PG and the destruction of cartilage
and subchondral bone (24). Early studies have shown
that the action of MMPs was the strongest in the initial
stage of cartilage degeneration, which gradually
weaken in the middle and late stage. The reason that
MMPs expression does not enhance with the increased
cartilage degeneration is unclear, which may be related
to the distinct regulatory pathways. MMPs and TIMPs
can be clustered by the binding of a 1:1 ratio to block
the degradation of the former, which is the most
important regulation of the local activities of MMPs in
tissues (25). Epidemiological studies show that
estrogen can slow down the degeneration of articular
cartilage (26) and decrease the risk of OA (27). It is
reported that MMPs mRNA expression and cytokines
mentioned above are significantly inhibited by
estrogen. Thereby, PG degradation is indirectly
restrained (28). Therefore, estradiol may abnormally
increase PG metabolism with the more decomposition
than synthesis by increasing or reducing the expression
of TIMPs or MMPs, which eventually results in the
considerable loss of PG and the cartilage destruction.
The experimental results showed that GAG content in
different periods of the control group was significantly
decreased compared with that in the normal and the
experimental group, while the GAG content in other
two groups were close to each other. With the progress
of OA, the GAG content of the control group was
gradually decreased; meanwhile, there were no
significant changes in the experimental and the control
group. These results were in accordance with other

reported results (9, 10, 29). Though the reason that
why the level of TIMP-1 in experimental group was
much higher than the normal group was not clear, and
all these still indicated that exogenous estrogen may
have a protective effect by inhibiting the degradation of
GAG, delaying the process of OA, and reducing the
pathological damage of OA to protect the cartilage and
bone.

Since it is difficult to obtain primary degeneration
specimens of human cartilage, animal models were
established to study the pathological process of
cartilage degeneration. In our study, the MMP-1 and
MMP-13 expression of OA rabbit models was reduced
by estradiol to a certain extent. It implied the effect of
intervention on the occurrence of OA. Additionally,
exogenesis estradiol may also suppress the occurrence
of OA through inhibiting the decomposition of PG.
These results implied the probable role of estradiol in
the pathological process of OA, which led to a more
clear understanding of OA and may help to identify the
direction of OA treatment. However, some limitations
including the lack of ovariectomized rabbit model of
0A, comparison with the OA extent, and the only one
dose of estrogen were existed. Therefore, additional
studies and clinical researches are needed to clarify
these results.
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