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Objectives. To compare the effects of intra-articular application of statin and tetracyclines on cartilage and synovial tissue on
experimental osteoarthritis. Methods. Osteoarthritis was created in 30 rabbits of 3 groups. The control group received saline intra-
articularly, statin group, atorvastatin and the tetracycline group, doxycycline once a week for 3 weeks. Chondral and synovial tissues
were evaluated macroscopically and histopathologically. Results. Macroscopic evaluation determined mean values of control group
3.0, statin group 0.56, and tetracycline group 2.5. Histopathological evaluations determined mean values; femoral medial condyle
cartilage tissue, control group, 14.60± 1.00, statin group 2.20± 1.30, tetracycline group 12.7± 5.39: tibia medial plateau, control
group, 14.33±8.68, statin group 2.89±1.96, tetracycline group, 15.90±7.03: synovial tissue, control group 12.22±3.63, statin group
4.33±2.69, tetracycline group 10.70±2.62. Average values of synovial tissue cell layer thickness were control group 14.46±2.35μm,
statin group 10.56 ± 1.01μm, tetracycline group 12.80 ± 0.79μm. All measurements showed statistically significant differences
between statin and control groups (P < 0.05) but not between tetracycline and control groups (P > 0.05). Conclusions. Tetracycline
has little effect due to chemical modification requirement, and the effect is dose dependent. Statins have chondroprotective effects,
so may become a novel therapeutic agent in osteoarthritis management after chemical processing.

1. Introduction

Osteoarthritis (OA) is the most frequently encountered form
of arthritis in which a slow and progressive deterioration
of the cartilage tissue particularly in weight-bearing joints
is seen. This disease is characterised pathologically by the
destruction of the cartilage in the joint, the formation of
new bone around the joint (osteophytes), changes in the sub-
chondral bone, and synovitis and fibrosis in the joint capsule
[1, 2]. Several different factors have been described which
influence the impairment of the homeostasis (anabolic and
catabolic balance) between the cells and the extracellular
matrix in the pathogenesis of OA. [2–4]. Produced from
chondrocytes in the cartilage tissue and synovial cells in the
synovial tissue, the stimulating signal formed on the cata-
bolic effect of cytokines such as tumour necrosis factor alpha
(TNF-α), interleukine-1 (IL-1), interleukine-6 (IL-6), and

nitric oxide (NO) has been shown to activate matrix metal-
loproteinases (MMP) such as collagenase, gelatinase, aggre-
canase, elastase, and fibronectin destructive stromelysin-1
[3–6].

In recent years, with the understanding of OA pathophys-
iology, there has been work on the development of phar-
macological agents to halt the cartilage destruction and slow
its progression. Many studies have shown the anti-inflam-
matory and immunomodulator pleiotropic effects on con-
nective tissue of the antibiotic tetracycline and statins as a
lipid-reducing agent [7–14]. It has been thought that these
agents may have protective effects on cartilage and there are a
limited number of studies specifically on cartilage connective
tissue [10, 15–20].

When the pathophysiology of OA is considered, the
hypothesis was proposed that the pleiotropic effects of statins
and tetracyclines may have an effect on the stimulating
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cytokines which play a role in the development of OA, and
on the release of proteolytic enzymes responsible for degen-
eration. Thinking that these two medications may have chon-
droprotective effects on cartilage as a specific connective tis-
sue, there have recently been several experimental animal
model studies researching the effects of these medications on
early-stage OA [5, 10, 15, 17–20].

This experimental study aimed to research the chon-
droprotective effects of intraarticular administration of statin
and tetracycline on the cartilage and synovial tissue of rabbits
in which early-stage OA had been developed.

2. Materials and Methods

Approval for the study was obtained from Uludag Univer-
sity Medical Faculty Experimental Animal Research Ethics
Committee. Thirty adult white New Zealand rabbits weigh-
ing 2500–4000 gr, obtained from the Experimental Animal
Breeding and Research Centre, were used in the study. The
experimental model of knee OA, was created by cutting the
anterior cruciate ligament (ACL) of the rabbits as described
by Yoshioka et al. [21].

For the administration of the intra-articular injection,
the rabbits were randomly allocated into 3 groups. The con-
trol group received 0.5 mL physiological saline, the statin
group received 0.4 mg/mL/kg of the mixture obtained from
adding 40 mg atorvastatin to 100 mL of physiological saline,
and the tetracycline group received 1 mg/mL/kg of the mix-
ture obtained from adding 100 mg doxycycline to 100 mL of
physiological saline.

2.1. Surgical Technique. As infection prophylaxis, 50 mg/kg
cefazolin sodium was administered intramuscularly 30 min-
utes prior to the surgical intervention. Anaesthesia was
administered intramuscularly at dosages of 2% xylazine
hydrochloride 8 mg/kg and ketamine hydrochloride 100 mg/
kg. The surgical site of the shaved right back leg of the rab-
bits was cleaned with 10% povidone-iodine solution then
sterile draped. After a longitudinal anterior midline skin
incision, an adequate opening was obtained by medial para-
patellar arthrotomy with the patella dislocated laterally. The
ACL was cut with the knee in full flexion. The anterior draw-
er test confirmed that the ACL had been completely cut.
The joint cavity was washed with saline and the joint cap-
sule sutured with 3/0 absorbable sutures and the skin was
closed with 3/0 nonabsorbable sutures. Postoperative ana-
lgesia was administered as 1-2 mg/kg 100 mL paracetamol in
the drinking water then the rabbits were left active in cages
with standard feed.

While sedated with 30 mg/kg ketamine hydrochloride,
the rabbits were randomly allocated into 3 groups of 10 for
the intraarticular injections. From the first week postopera-
tively, once a week for 3 weeks, the control group received
0.5 mL saline solution, the statin group received 0.4 mg/kg
of 40 mg atorvastatin in 100 mL saline and the tetracycline
group received 1 mg/mL/kg of 100 mg doxycycline in 100 mL
saline. Twelve weeks after the final injection the experimental
animals were sacrificed by decapitation. To develop an
experimental OA model, the knee joints were removed

including the synovial, femoral, and tibial joint surfaces.
The medial compartment of the knee joints (medial femoral
condyle and tibial medial plateau) were evaluated using the
morphological stage system described by Pelletier et al. [22],
to determine the depth of cartilage tissue erosion and degen-
erative changes in respect of the presence of surface and mid
layer erosion, deep layer erosion, and subchondral bone ero-
sion and minimal fibrillation.

2.2. Tissue Preparation. The tissue samples taken from the
experimental animals, after being separated from surround-
ing soft tissue, were kept in 10% formaldehyde solution for
5 days for histopathological examination. Bone tissues were
kept in 10% formic acid solution until decalcification. The
samples were then dehydrated and fixed in paraffin blocks.
After routine monitoring, 5 micron thickness sagittal sec-
tions were stained with haematoxylin-eosin and safranin-O
for histopathological evaluation.

2.3. Histopathological Evaluation. Four layers of cartilage tis-
sue were examined to evaluate histological and histochemical
changes. Using the joint cartilage lesion histological and
histochemical stages system defined by Mankin et al. [23]
and modified by Yoshimi et al. [24], the joint cartilage tissue
was evaluated for cartilage tissue layer histological struc-
ture changes, cellular changes, safranin-O involvement, tide-
mark structure entirety, and pannus formation. The points
obtained were statistically compared between the groups.

In the histological evaluation of synovial tissue changes,
the classification system used was that defined by Yoshimi
et al. [24] formed of two main parts. In this classification sys-
tem, the first part examines cell hypertrophy, hyperplasia,
and inflammatory cell infiltration of the cellular layer cov-
ering the synovia and the second part evaluates granulation
tissue proliferation formed in the subsynovial area, vascu-
larisation, and inflammatory cell infiltration. The points
obtained from both parts were totaled for each of the three
groups and statistically compared. The results of the evalu-
ation of the synovial tissue with the measurements of the
synovial cell layer thickness in microns for the three groups
were statistically compared.

2.4. Statistical Evaluation. The data obtained were recorded
on computer with SPSS for Windows 13.0. The variables
related to macroscopic and microscopic evaluations were
given as mean and standard deviations. The result values
were compared using Mann-Whitney U test. A P value of
<0.05 was accepted as statistically significant.

3. Results

During the study one rabbit in the control group died from
respiratory problems and one in the statin group died from
septic arthritis leaving a total of 28 rabbits for the experi-
ment.

When the lesions formed in the cartilage tissue of
the medial compartment of the knee were macroscopically
evaluated, the degenerative changes of the rabbits in the con-
trol group were determined as 2 (22%) at stage 2, 5 (55%)
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Figure 1: Stage 4 cartilage damage in the macroscopic evaluation in
the control group.

Figure 2: Stage 0 cartilage damage in the macroscopic evaluation of
the statin group.

at stage 3, and 2 (22%) at stage 4. In the statin group, deg-
enerative changes were determined as 5 (55%) at stage 0,
3(33%) at stage 1, and 1 (11%) at stage 2. In the tetracycline
group degenerative changes were determined as 5 (50%) at
stage 2 and 5 (50%) at stage 3. Advanced stage cartilage
damage, deep layer, and subchondral bone erosion were
observed in 7(77%) rabbits in the control group and 5 (50%)
in the tetracycline group and no advanced stage degenerative
changes were determined in the statin group (0%). Statistical
evaluation of these results showed a statistically significant
difference between the control group and the statin group
(P < 0.05) (Figures 1 and 2) and no statistically significant
difference between the control group and the tetracycline
group (P > 0.05).

According to the modified Mankin classification system
used in the histological and histochemical evaluation of the
cartilage tissue lesions in the medial compartment of the
knee, the results of the examination of cartilage structure,
cellular changes in the tangential, transitional and radial lay-
ers, safranin-O involvement, impairment of the tidemark
structure, and pannus formation were determined as total
points obtained from the evaluation of lesions developed in
the femoral medial condyle, control group mean 14.56 ±
1.00, statin group mean 2.2 ± 1.30, and tetracycline group
mean 12.70 ± 5.39 and total points of the tibia medial
plateau cartilage tissue for the three groups were mean
14.33 ± 8.68, 2.89 ± 1.96, and 15.90 ± 7.03, respectively

Figure 3: Normal joint cartilage histological view (statin group—
stage 0 damage) (HE, ×200).

Figure 4: Cleavage extending to the radial area shown by the white
arrow (control group—stage 4 damage) (HE, ×200).

(Figures 3, 4, 5, 6, 7, 8, and 9). Statistical comparison of the
points obtained for femoral medial condyle and tibia medial
plateau cartilage tissue determined a statistically significant
difference between the control group and the statin group
(P < 0.05) and no difference was observed between the
control group and the tetracycline group (P > 0.05). A com-
parison between the statin group and the tetracycline deter-
mined a statistically significant difference in favour of the sta-
tin group (P < 0.05) (Figures 10 and 11).

The total points obtained from histological evaluation
of synovial tissue changes of cell hypertrophy, hyperplasia
of the cellular layer covering the synovia, inflammatory cell
infiltration and subsynovial area granulation tissue prolifera-
tion, vascularisation, and inflammatory cell infiltration, were
determined as 12.22± 3.63 in the control group, 4.33± 2.69
in the statin group and 10.70± 2.62 in the tetracycline group
(Figures 12 and 13). Statistical comparison of the points
obtained determined a statistically significant difference
between the control group and the statin group (P < 0.05)
and no difference was observed between the control group
and the tetracycline group (P > 0.05). A comparison between
the statin group and the tetracycline determined a statistica-
lly significant difference in favour of the statin group (P <
0.05) (Figure 14).

The synovial cell layer thickness was measured as mean
14.56± 2.35μm in the control group, mean 10.56± 1.01μm
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Figure 5: Total disorganisation of the joint cartilage (control
group—stage 3 damage) (HE, ×200).

Figure 6: Serious cloning of the chondrocytes in the transitional
and radial layers (tetracycline group—3 damage) (HE, ×200).

in the statin group, and mean 12.80 ± 0.79 μm in the tetra-
cycline group.

Statistical comparison of the results determined a statis-
tically significant difference between the control group and
the statin group (P < 0.05) and no difference was observ-
ed between the control group and the tetracycline group
(P > 0.05). A comparison between the statin group and the
tetracycline determined a statistically significant difference in
favour of the statin group (P < 0.05) (Figure 15).

4. Discussion

Several different factors have been identified in the patho-
genesis of OA [3, 25]. The viscoelastic and compressive pro-
perties of cartilage tissue are associated with the ability to
protect the structure of the extra-cellular matrix (ECM).
In normal cartilage tissue the functions of structuring and
destroying the ECM metabolism are a balanced dynamic pro-
cess. In OA, this balance is disrupted weighted towards des-
truction, and the destruction itself is caused by increased syn-
thesis and release of catabolic enzymes. Trauma, mechanical
stress, or inflammation on the cartilage cells and synovial
cells stimulates the expression of cytokines responsible for
catabolic activation such as IL-1, TNF-α, IL-6, and NO, and
the catabolic signal created by these mediators has been
shown to activate the matrix metalloproteinases (MMP), col-
lagenase, gelatinase, aggrecanase, elastase, and fibronectin

Figure 7: Mid level hypocellularity in the chondrocytes of the
transitional and radial layers (tetracycline group—stage 3 damage)
(HE, ×200).

Figure 8: Safranin-O involvement in normal joint cartilage (statin
group—stage 0 damage) (Safranin—O, ×200).

destructive stromelysin-1 which cause cartilage matrix deg-
eneration [3–5]. It has been reported that cartilage degener-
ation developed by MMP results in intra-articular expression
of glycosaminoglycans (GAGs) which then leads to increased
cytokines in the synovial fluid and the resultant inflamma-
tion which develops in the synovial cells causes reactional
synovitis [15, 26, 27].

In recent years, it has been shown that statins as lipid-
lowering medication and tetracycline as an antimicrobial
agent may have anti-inflammatory and immunomodulator
pleiotropic effects on various patient groups and more par-
ticularly on different connective tissues [9, 14, 28–30]. Sta-
tins have been reported to block MMP expression from vas-
cular smooth muscles by Luan et al. [7], from carotid plaques
by Molloy et al. [31], and from gastric epithelial cells by
Pillinger et al. [30]. It was determined by Takemoto and Liao
[32] that statins were effective in coronary artery disease by
blocking the expression of NO in vascular endothelial cells
and by suppressing MMP release from macrophages thus
preventing the degeneration of artherosclerotic lesions. In
a study by Henrich et al. [33] endothelial progenitor cells
(EPCs) were isolated from peripheral blood and 5 days of
TNF-α ve 25 μM simvastatin was administered and apoptosis
was determined by TACS-Annexin-V-FITC analysis. It was
concluded that the apoptosis of EPC stimulating cells had
been blocked by simvastatin and TNF-α.
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Figure 9: Serious loss of safranin-O involvement (control group—
stage 4 damage) (Safranin-O, ×200).
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Figure 10: Comparison of mean points obtained from histological
examination of the femoral medial condyle cartilage tissue lesions.
In the statin group, compared to the control group and tetracycline
group, a statistically significant difference was determined (P <
0.05) in normal and mild surface disorganisation of medial com-
partment cartilage tissue, cell structure near to normal in the
cartilage layers, normal safranin-O involvement, intact tidemark
structure, and pannus formation were determined. The difference
between the tetracycline group and the control group was not
statistically significant (P > 0.05). The results are given as mean
and standard deviation.

In studies researching the effects of tetracycline on dif-
ferent connective tissue, intraperitoneal and oral doses vary-
ing between 10 and 100 mg have been reported [11, 12, 34].
Studies by Kucuk et al. [11] creating renal reperfusion in mice
determined that in the group treated with intraperitoneal
10 mg/kg doxycycline the effect of MMP-2, IL-1, IL-6, and
TNF-α was significantly reduced and a significant reduction
in apoptotic cells was also observed. Iovieno et al. [34]
administered 100 mg doxycycline to chronic blepharitis
patients for 4 weeks and reported a significant reduction in
MMP-9 activity. In an experimental study by Huang et al.
[12] where inflammatory colitis was developed in mice, it
was shown that the administration of 30 mg/kg intraperiton-
eal tetracycline blocked iNOS expression in the intestinal
tissues, reduced the formation of proinflammatory cytokines
and blocked MMP-2, 3, 9, and 13 mRNA transcription.

In the light of these studies, it has been thought that
statins and tetracycline may have an effect on connective
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Figure 11: Comparison of mean points obtained from histological
examination of the medial plateau cartilage tissue lesions. In the
statin group, compared to the control group and tetracycline group,
a statictially significant difference was determined (P < 0.05) in
normal and mild surface disorganisation of medial compartment
cartilage tissue, cell structure near to normal in the cartilage
layers, normal safranin-O involvement, intact tidemark structure
and pannus formation were determined. The difference between
the tetracycline group and the control group was not statistically
significant (P > 0.05). The results are given as mean and standard
deviation.

Figure 12: Mid-level hyperplasia and hypertrophy in the cell layer
covering the synovia and serious inflammatory cell infiltration in
the subsynovial area (control group—stage 4 damage) (HE, ×100).

tissue and cartilage tissue in particular and that they may
slow down or prevent the development of OA and there
are a limited number of studies related to this [10, 15–20].
The studies which have been carried out have been directed
towards the role played by cytokines in the pathogenesis of
OA in an in vitro environment and the determination of the
MMPs activated by these cytokines. However most of these
studies did not examine the macromorphological and histo-
morphological changes in cartilage tissue wrought by statins
and tetracyclines. Therefore, in the current study of an exper-
imental rabbit model, where early-stage osteoarthritis was
created by cutting the anterior cruciate ligament, the effects
of intra-articular statins and tetracycline on cartilage tissue
in vivo were examined macroscopically and microscopically.

The important role played by matrix metalloproteinases
in cartilage degeneration has been shown in several studies
[15, 16, 18]. These destructive proteolytic enzymes are pro-
duced as the result of stimulated cytokines activating
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Figure 13: Serious vascularisation in the subsynovial area (control
group—stage 4) (HE, ×100).

M
ea

n
 p

oi
n

ts
 o

f 
sy

n
ov

ia
l t

is
su

e 
ev

al
u

at
io

n

14

12

10

8

6

4

2

0
Control group Statin group Tetracycline

group

Figure 14: Comparison of mean points obtained from the histo-
logical evaluation of synovial tissue. Compared to the control group
and tetracycline group, in the statine group a statistically significant
difference was determined in reduced cell hyperplasia, hypertroph,
and inflammatory cell infiltration, in the cell layer covering the
synovia and proliferation of granulation tissue, vascularisation, and
reduced inflammatory cell infiltration in the subsynovial area (P <
0.05). No difference was determined between the tetracycline group
and the control group (P > 0.05). The results are given as mean
points with standard deviation.

chondrocytes and have been determined to cause the des-
truction of all the components by attacking the cartilage
matrix [16]. Researchers have investigated the role played
in OA mechanism by cytokines such as IL-1, IL-6, and
NO and the effects of the MMPs activated by them on the
molecular level and most studies have been made on a carti-
lage culture [15, 16, 18]. In a study by Simopoulu et al. [18]
of cartilage culture samples obtained from patients with pri-
mary osteoarthritis, reverse transcription polymerase chain
reaction (RT-PCR) and Western blot analysis were used to
evaluate the effects of 2-day administration of 50 μM statin
on the production of inflammatory cytokines and proteolytic
enzymes and it was reported that this agent had reduced the
production of IL-1 and blocked the transcription of MMP-13
mRNA.

In a study by Lazzerini et al. [16] where IL-1 and statin
were added to osteoarthritic hip cartilage tissue samples in a
culture, incubated for 48 hours, and examined by the ELISA
technique, the production of MMP-3 in the chondrocytes
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Figure 15: Comparison of the thickness of the cell layer covering
the synovia. A statistically significant reduction was determined in
the statin group, compared to the control group and the tetracycline
group (P < 0.05). No significant difference was determined between
the tetracycline group and the control group (P > 0.05). The results
are given as mean points with standard deviation.

was observed to have been inhibited. Leung et al. [35] admi-
nistered bovine type II collagen intradermally on days 0 and
21 to mice to create arthritis, then from the 21st day, 14 days
of intraperitoneal 40 mg/kg simvastatin was given and this
agent was seen to have suppressed the collagen-specific Th-1
humoral and cellular immune response, reduced anti-CD3
and anti-CD28 proliferation and inhibited IFN-γ expres-
sion from mononuclear cells. To show that these effects deter-
mined at the molecular level inhibited cartilage tissue degen-
eration, it was determined in the examinations of cartilage
tissue that simvastatin had significantly reduced cartilage
surface erosion and GAG loss.

In a study by Akasaki et al. [15] osteoarthritis of the knee
was created by cutting the anterior cruciate ligament in a
rabbit model and 0.01 mg/mL, 0.1 mg/mL, and 0.5 mg/mL
doses of mevastatin were administered intra-articularly as
0.2 mL/kg. Macroscopic and histological examinations of the
cartilage tissue layers showed a reduction in full-thickness
erosion and subchondral bone erosion and total disorgani-
sation of the cartilage tissue structure and hypocellularity in
the layers had been inhibited. Moreover, the results of ELISA
and RT-PCR examinations of the synovial tissue showed that
by inhibiting monocyte chemotactic protein-1 (MCP-1), IL-
1, MMP-3, and MMP-13 gene expression, production had
decreased.

Shlopov et al. [17] incubated cartilage tissue samples
obtained from total knee replacement patients in a free cul-
ture medium for 24 hours, stimulated with TNF-α, and
0.1 μg/mL, 10 μg/mL, and 50 μg/mL doxycycline. The results
of evaluation by Northern blot and Western blot analyses
determined a decrease of 84% on MMP-13 from the 50 μg/
mL dose, 72% from 10 μg/mL dose, and only 40% from 0.1
10 μg/mL dose and decreases of 88%, 72%, and 58%, respec-
tively, on MMP-13, thus the conclusion was reached that the
effects of doxycycline are dose dependent.

Bowyer et al. [20] evaluated cartilage tissue from guinea
pigs by fluoroquinolone assay after 66 days of subcutaneous
tetracycline injections and determined 100% decreased activ-
ity of MMP-13 and 8, 65% decreased activity of MMP-9,
and 24% decreased activity of MMP-1. It was concluded
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that tetracycline had selective effects on matrix metallopro-
teinases. As there are no examples of intra-articular admin-
istered tetracycline and no studies using the dosage defined
in our study, we used a statin dosage similar to that of
tetracycline which has been shown to be effective. In the
current study, in a developed experimental OA model, using
intra-articular administration of statin and tetracycline, the
efficacy of which on the production of cytokines and pro-
teolytic enzymes which play a role in the pathogenesis of
OA, has been shown in several studies, protective effects were
evaluated at a macroscopic and histological level in cartilage
and synovial tissue in comparison with a control group.

In the macroscopic evaluation of the efficacy of statin
and tetracycline applied intra-articularly, while advanced-
stage osteoarthritic changes with subchondral bone and deep
layer cartilage tissue erosion were determined in 77% of
the control group rabbits, no advanced-stage osteoarthritic
changes were determined in the statin group rabbits. In this
group only a minimal level of fibrillation was determined in
the cartilage tissue lesions. In the tetracycline group, cartilage
tissue and subchondral bone erosion (advanced stage) was
observed in 50% of the rabbits. In conclusion, statins were
determined to have significantly inhibited deep layer erosion
and subchondral bone erosion in the macroscopic cartilage
tissue structure (P < 0.05). However, tetracycline was not
seen to have any significant effect on advanced-stage osteo-
arthritic changes (P > 0.05).

In the histological and histochemical evaluation of the
cartilage tissue in this study, when the structural changes of
the femoral medial condyle cartilage layer were examined,
cleavage to the transitional layer was determined in 33% and
full disorganisation in 33% of the control group, while nor-
mal cartilage structure was observed in 44% and mild surface
disorganisation was observed in 56% of the statin group. In
the tetracycline group, cleavage was determined in the tran-
sitional, radial, and calcified layer in 60% of the rabbits. In
the cellular examination of the cartilage tissue of the control
group, 44% cell loss was determined in the tangential layer
and 33% cell loss in the transitional and radial layer. In the
statin group, the tangential layer was determined as normal
in all subjects and only mild hypercellularity was observed in
the transitional and radial layers. In the tetracycline group,
60% cell loss was determined in the tangential layer. When
tidemark structure and pannus formation were examined,
in the statin group pannus had not developed in any of the
rabbits and intact tidemark was observed, in the tetracycline
group 40% multi level tidemark, and in the control group,
33% indefinite tidemark was determined.

The results of the histological examination of the carti-
lage tissue in this study determined that statin significantly
protected the normal cartilage structure and entirety com-
pared to the control group and there was a significant
decrease in cartilage cell loss (P < 0.05). No difference was
observed between the tetracycline and the control group (P >
0.05). In a study by Akasaki et al. [15], statin was admin-
istered at 0.2 mL/kg of the highest dose of 0.5 mg/mL and
a comparison of this group’s findings compared with the
control group showed inhibition at rates of 33% in macro-
scopic degenerative changes, 37% in histological changes,

and 34% in synovial tissue changes. In our study, statin was
administered at a dose of 0.4 mg/mL/kg and when the results
of the statin group were compared with the control group,
macroscopic lesions were determined to have been inhibited
at a rate of 80%, cartilage tissue histological changes at a rate
of 85%, and synovial tissue inflammation at a rate of 65%.
The reason for the high rates obtained in this study is thought
to be related to the statin dosage.

As has been shown in several previous studies, the macro-
scopic, histological, and histochemical evaluation of cartilage
tissue in our study showed that statins are effective in
inhibiting the development of osteoarthritic changes, which
is thought to be related to the suprression of the release of
these stimulating cytokines (IL-1, IL-6, and TNF-α) which
play a role in the pathophysiology of osteoarthritis and which
activate matrix metalloproteinases (MMP) and at the same
time reduce the rate of cell death (apoptosis). Although
several studies have shown the protective effects on the
development of cartilage tissue lesions, no difference was
determined in our study between the tetracycline group and
the control group. The reason for the ineffectiveness of this
agent may be that the intra-articular application may not be
suitable. Also, as has been shown in several previous studies,
with the use of different doses of tetracycline in our study, it
may be that the effect is dose dependent and the doxycycline
used not being a chemically modified agent could have led to
these results.

One of the important molecules providing resistance to
compressive loads in the cartilage tissue is glycosaminoglycan
[36–38]. Osteoarthritis which develops in the joints is the
destruction of aggrecanase with proteoglycan in the carti-
lage tissue, and an increase in GAG expression has been
reported to have been observed. In our study proteoglycan
destruction and expression was evaluated with indirect bile-
0 involvement. According to this, a mid-severe level of pro-
teoglycan loss of 55% was observed in the control group,
while in the statin group the proteoglycan content of the
cartilage tissue was determined to have been protected at a
rate of 85%. In the tetracycline group a serious level of GAG
loss of 40% was determined.

While De Bri and Lei [37] reported from an experimental
animal model study that the use of doxycycline was not effec-
tive as there was no difference in the GAG content of cartilage
tissue between the control group and the subjects that had
been treated with doxycycline, Blumberg et al. [36] admin-
istered doxycycline for 2 weeks to cartilage tissue obtain-
ed from high- and low-energy traumas in a culture medium
in an in vitro study and reported from the results that
doxycycline was effective in protecting the GAG content of
cartilage tissue in the low trauma group but was not effective
in the high-energy trauma group.

In our study when the cartilage tissue of the control
group and the tetracycline group was compared in respect of
GAG content loss, no statistically significant difference was
observed (P > 0.05). In the statin group, protection of the
proteoglycan content of the cartilage tissue was determined
as statistically significant compared to the control group and
the tetracycline group (P < 0.05). It is thought that by inhi-
biting the production and expression of catabolic matrix
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metalloproteinases in a certain way, GAG destruction is
reduced and thus statins provide protection of cartilage pro-
teoglycan content.

While Akasi et al. [15] showed that statins had not inhi-
bited the production and expression of IL-1, MMP-3, and
MMP-13 in cartilage tissue, it was reported that expres-
sion of stimulating cytokines and catabolic matrix metallo-
proteinases (MMP) in synovial tissue had decreased. Bor-
derie et al. [39] applied tetracycline to synovial tissue sampl-
es taken from patients undergoing joint surgery and stim-
ulated with IL-1 ve TNF-α in a culture environment. The
synovial tissues were then examined by fluorometric and
immunoblot analysis and the results of the study reported
that tetracycline reduced iNOS synthesis and that this effect
was dose dependent.

In our study when the synovial tissue histopathological
changes and synovial tissue thickness were evaluated, the
results determined in the control group moderate-to-severe
cell hyperplasia of 77%, moderate-to-severe cell hypertrophy
of 77%, and moderate-to-severe level inflammatory cell
infiltration of 66%, while in the statin group normal cell
structure was determined in 33%, mild hyperplasia in 44%,
and inflammatory cell infiltration at a mild level in 33% and
at a severe level in 11%.

Evaluation of the tetracycline group determined mod-
erate to severe level cell hyperplasia in 40%, moderate-to-
severe level cell hypertrophy in 40% and moderate level
of inflammatory cell infiltration in 80%. When subsynovial
tissue was evaluated in respect of granulation tissue prolif-
eration, vascularisation, and inflammatory cell infiltration,
changes in the statin group were observed to be low com-
pared to the control and tetracycline groups and the changes
were determined to be statistically significant and besides
the effectiveness of statins on cartilage tissue, the synovial
inflammation was observed to have decreased by a significant
level (P < 0.05). In our study, the inhibition of synovial
inflammation by statins, which has been shown in several
studies, is thought to have been effective by decreasing the
production of catabolic enzymes and MCP-1.

It can be concluded that there is an evident chondropro-
tective effect of statin. It is thought that the therapeutic effect
of this can be increased with some chemical modification for
intra-articular application and thus may be a new approach
in OA treatment. These effects will be able to be confirmed
by in vivo studies together with research at a clinical, macro-
morphological, histopathological, histomorphometric, and
molecular level.

Conflict of Interests

It must be stated that the authors do not have any conflicts of
interest in this study.

References

[1] J. P. Pelletier, J. Martel-Pelletier, and J. P. Raynauld, “Most
recent developments in strategies to reduce the progression
of structural changes in osteoarthritis: today and tomorrow,”
Arthritis Research and Therapy, vol. 8, p. 206, 2006.

[2] M. Hashimoto, T. Nakasa, T. Hikata, and H. Asahara, “Molec-
ular network of cartilage homeostasis and osteoarthritis,”
Medicinal Research Reviews, vol. 28, no. 3, pp. 464–481, 2008.

[3] F. Guilak, B. Fermor, F. J. Keefe et al., “The role of biomechan-
ics and inflammation in cartilage injury and repair,” Clinical
Orthopaedics and Related Research, no. 423, pp. 17–26, 2004.

[4] D. J. Buttle, H. Bramwell, and A. P. Hollander, “Proteolytic
mechanisms of cartilage breakdown: a target for arthritis ther-
apy?” Journal of Clinical Pathology, vol. 48, no. 4, pp. M167–
M177, 1995.

[5] M. B. Goldring, “Osteoarthritis and cartilage: the role of cyto-
kines,” Current Rheumatology Reports, vol. 2, no. 6, pp. 459–
465, 2000.

[6] S. R. Goldring and M. B. Goldring, “The role of cytokines
in cartilage matrix degeneration in osteoarthritis,” Clinical
Orthopaedics and Related Research, vol. 427, pp. S27–S36,
2004.

[7] Z. Luan, A. J. Chase, and A. C. Newby, “Statins inhibit sec-
retion of metalloproteinases-1, -2, -3, and -9 from vascular
smooth muscle cells and macrophages,” Arteriosclerosis, Thro-
mbosis, and Vascular Biology, vol. 23, no. 5, pp. 769–775, 2003.

[8] L. M. Golub, N. Ramamurthy, and T. F. McNamara, “Tetra-
cyclines inhibit tissue collagenase activity. A new mechanism
in the treatment of periodontal disease,” Journal of Periodontal
Research, vol. 19, no. 6, pp. 651–655, 1984.

[9] M. Takemoto and J. K. Liao, “Pleiotropic effects of 3-
hydroxy-3-methylglutaryl coenzyme A reductase inhibitors,”
Arteriosclerosis, Thrombosis, and Vascular Biology, vol. 21, no.
11, pp. 1712–1719, 2001.

[10] E. de Bri, W. Lei, O. Svensson, M. Chowdhury, S. A. Moak,
and R. A. Greenwald, “Effect of an inhibitor of matrix metal-
loproteinases on spontaneous osteoarthritis in guinea pigs,”
Advances in Dental Research, vol. 12, no. 2, pp. 82–85, 1998.

[11] A. Kucuk, S. Kabadere, M. Tosun et al., “Protective effects of
doxycycline in ischemia/reperfusion injury on kidney,” Journal
of Physiology and Biochemistry, vol. 65, no. 2, pp. 183–191,
2009.

[12] T. Y. Huang, H. C. Chu, Y. L. Lin et al., “Minocycline atten-
uates experimental colitis in mice by blocking expression of
inducible nitric oxide synthase and matrix metalloproteinas-
es,” Toxicology and Applied Pharmacology, vol. 237, no. 1, pp.
69–82, 2009.

[13] S. E. Kim, T. T. T. Thuy, J. H. Lee et al., “Simvastatin inhi-
bits induction of matrix metalloproteinase-9 in rat alveolar
macrophages exposed to cigarette smoke extract,” Experimen-
tal and Molecular Medicine, vol. 41, no. 4, pp. 277–287, 2009.

[14] K. Pahan, F. G. Sheikh, M. S. Namboodiri, and I. Singh, “Lov-
astatin and phenylacetate inhibit the induction of nitric oxide
synthase and cytokines in rat primary astrocytes, microglia,
and macrophages,” Journal of Clinical Investigation, vol. 100,
no. 11, pp. 2671–2679, 1997.

[15] Y. Akasaki, S. Matsuda, K. Nakayama, S. Fukagawa, H. Miura,
and Y. Iwamoto, “Mevastatin reduces cartilage degradation
in rabbit experimental osteoarthritis through inhibition of
synovial inflammation,” Osteoarthritis and Cartilage, vol. 17,
no. 2, pp. 235–243, 2009.

[16] P. E. Lazzerini, P. L. Capecchi, F. Nerucci et al., “Simvastatin
reduces MMP-3 level in interleukin 1β stimulated human
chondrocyte culture,” Annals of the Rheumatic Diseases, vol.
63, no. 7, pp. 867–869, 2004.

[17] B. V. Shlopov, G. N. Smith Jr., A. A. Cole, and K. A. Hasty,
“Differential patterns of response to doxycycline and trans-
forming growth factor beta1 in the down-regulation of col-
lagenases in osteoarthritic and normal human chondrocytes,”
Arthritis & Rheumatism, vol. 42, no. 4, pp. 719–727, 1999.



ISRN Orthopedics 9

[18] T. Simopoulou, K. N. Malizos, L. Poultsides, and A. Tsezou,
“Protective effect of atorvastatin in cultured osteoarthritic
chondrocytes,” Journal of Orthopaedic Research, vol. 28, no. 1,
pp. 110–115, 2010.

[19] A. Vidal, M. Sabatini, G. Rolland-Valognes, P. Renard, J. C.
Madelmont, and E. Mounetou, “Synthesis and in vitro evalua-
tion of targeted tetracycline derivatives: effects on inhibition of
matrix metalloproteinases,” Bioorganic and Medicinal Chem-
istry, vol. 15, no. 6, pp. 2368–2374, 2007.

[20] J. Bowyer, C. G. Heapy, J. K. Flannelly, J. C. Waterton, and R.
A. MacIewicz, “Evaluation of a magnetic resonance biomarker
of osteoarthritis disease progression: doxycycline slows tibial
cartilage loss in the Dunkin Hartley guinea pig,” International
Journal of Experimental Pathology, vol. 85, pp. 85–96, 2004.

[21] M. Yoshioka, R. D. Coutts, D. Amiel, and S. A. Hacker, “Cha-
racterization of a model of osteoarthritis in the rabbit knee,”
Osteoarthritis and Cartilage, vol. 4, no. 2, pp. 87–98, 1996.

[22] J. P. Pelletier, J. C. Fernandes, J. Brunet et al., “In vivo selec-
tive inhibition of mitogen-activated protein kinase kinase
1/2 in rabbit experimental osteoarthritis is associated with a
reduction in the development of structural changes,” Arthritis
& Rheumatism, vol. 48, no. 6, pp. 1582–1593, 2003.

[23] H. J. Mankin, H. Dorfman, L. Lippiello, and A. Zarins, “Bio-
chemical and metabolic abnormalities in articular cartilage
from osteo-arthritic human hips. II. Correlation of morphol-
ogy with biochemical and metabolic data,” Journal of Bone and
Joint Surgery A, vol. 53, no. 3, pp. 523–537, 1971.

[24] T. Yoshimi, T. Kikuchi, T. Obara et al., “Effects of high-mole-
cular-weight sodium hyaluronate on experimental osteoar-
throsis induced by the resection of rabbit anterior cruciate
ligament,” Clinical Orthopaedics and Related Research, no. 298,
pp. 296–304, 1994.

[25] K. Kuroki, J. L. Cook, J. M. Kreeger, and J. L. Tomlinson, “The
effects of TIMP-1 and -2 on canine chondrocytes cultured in
three-dimensional agarose culture system,” Osteoarthritis and
Cartilage, vol. 11, no. 9, pp. 625–635, 2003.

[26] M. Lotz, S. Hashimoto, and K. Kühn, “Mechanisms of
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