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ABSTRACT

Osteoarthritis (OA) is highly prev-
alent chronic disease affecting syno-
vial joints leading to irreversible dam-
age to all joint structures. Statins, in
addition to their cholesterol-lowering
activity, have pleiotropic effects. The
aim of this study is to evaluate and
compare the potential prophylactic
effects of oral, intraarticular atorvas-
tatin or their combination in surgical-
ly induced OA in rats through medial
meniscal tear procedure. Rats were
divided into five groups; control nor-
mal group, control non-treated oste-
oarthritic group, oral atorvastatine
group (10 mg/kg), intraarticular ator-
vastatine group (0.4mg/ /kg) and
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combined oral and intraarticular ator-
vastatine group. The drug given im-
mediately after surgical induction of
OA for six weeks.. All atorvastatin
treated groups showed significant re-
duction in matrix metalloproteinase
13 (MMP 13), interleukin- 1 B (IL- 1
B) and tumor necrosis factor- «
(TNF-0), (MDA)
and significant increase in reduced
glutathione (GSH). Also, there were
significant histological improvement
compared to control osteoarthritic
non-treated group.

malondialdehyde

It can be concluded that atorvas-
tatin has beneficial prophylactic ef-
fect and reduced the development of
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146 POTENTIAL PROPHYLACTIC EFFECT OF ORAL etc...

OA lesions in a rat model of OA
when given early after surgical in-
duction of OA either by oral, IA or
combined routs and may be suggest-
ed as a promising OA disease modi-
fying drugs. It was also found that
combined oral and IA administration
of atorvastatin produced better im-
provement than oral or IA alone, this
may be explained by synergism in
action of atorvastatin when given by
combined oral and IA.

Keywords: atorvastatine, Osteoar-
thritis, MMP13, IL1-f3, MDA

INTRODUCTION
Osteoarthritis (OA) is a chronic,
painful and disabling condition affect-
ing synovial joints characterized by
irreversible damage to all joint struc-
tures; articular

cartilage, synovial

membrane, and subchondral bone
[1-2],

OA is
10-12% of the adult population has
symptomatic OA and

a prevalent disease;
further in-
crease has to be expected due to
the increasing prevalence of obesity
and ascending life expectancy of
population. OA leads to social, psy-
chological and economic burdens in
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patients with substantial financial
consequences [3-4. It has a multifac-
torial etiology, and can be consid-
ered the product of interactions be-
tween systemic and local factors in

the joint [5].

Changes to any of the joint struc-
tures can lead to an alteration in the
delicate balance between the joint
anabolic and catabolic processes,
and consequently lead to perpetuat-
ing damage that may extend to all
joint structures [6]. Local inflammato-
ry processes within the joint accom-
panied with dysregulated cytokine
activities as interleukin- 1 B (IL- 1 B)
and tumor necrosis factor- o (TNF-a.)
shown to contribute to pathological
development of OA [7].

None of the available pharmaco-
logic therapies till this time was prov-
en to prevent or even retard the dis-
ease progression so end-stage in
OA disease may require joint re-
placement [8]. However, advanced
researches and the progress made
in the understanding of the pathoph-
ysiology of OA and the identification
of risk factors have guided the devel-
opment of OA disease modifying
drugs [9l. These drugs target to de-
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lay or even stop progression of joint
tissue damage and consequently de-
crease the need of joint replace-
ment.

3-hydroxy-3-methyl glutaryl coen-
zyme A reductase inhibitors (statins),
in addition to their cholesterol-
lowering activity, have pleiotropic
effects
improvement of endothelial dysfunc-

including antiinflammatory,

tion, antioxidative properties, antipro-
liferative and antithrombotic effects
[10]. Atorvastatin was chosen as it is
relatively lipophilic; which can pas-
sively diffuse through different tis-
sues including synovial membrane of
the joint, has long half-life (20—30 h)
[11] and the safety of high dose ator-
vastatin has been confirmed [12].

Since oral administration of sta-
tins could result in a relatively low
drug bioavailability to the joints, high
statin oral doses are required for
beneficial effects, this may increase
the risk of statin side effect, thus
alternative
of the drug
articular (I1A)) should be developed
to establish the entire therapeutic

potential of statins in clinical setting
[13, 14]

routes of administration

(transdermal, intra-

The purpose of this study was to
evaluate and compare oral and intra-
articular atorvastatin and their combi-
nation in surgically induced OA in
rats.

MATERIALS AND METHODS
2.1 Drugs
+ Atorvastatin as raw material
(white amorphous powder, soluble in
water) from Egyptian International
Pharmaceutical
(EIPICO)

Industry Company

2.2 Animals

Fifty male Sprague-Dawley rats
weighing 250-300 grams each were
obtained from the medical experi-
mental research center (Mansoura
faculty of medicine). Rats were
divided into five groups (n = 10/
group) and housed under standard
conditions for at least 1 week to
acclimate before starting the ex-
periments. They were put in similar
optimum
free access to food and water. Ani-
mals were kept in cages at a room

housing condition with

with controlled temperature 26 °C
and on a 12-h light—dark cycle. The
local animal ethics committee has
approved in all experimental proce-
dures.

MANSOURA MEDICAL JOURNAL
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2.3 Induction of osteoarthritis

Surgical induction of OA was per-
formed on forty rats (four groups).
Animals were anesthetized by using
mixture of diazepam (5mg/kg) and
ketamin (50mg/kg) intraperitoneal,
anesthesia maintained with
2%isoflurane inhalation.

The right knee of the rats was
shaved, sterilized by bitadine solu-
tion, then the medial collateral liga-
ment was exposed through a medial
midline skin incision, and was tran-
sected and the medial meniscus is
reflected medially toward the femur
and then cut. Skin incisions were
closed with5-0 Vicryl sutures, and
animals were allowed to
from anesthesia [15:16],

recover

2.4  Animal Grouping and Ex-
perimental Design

Group 1: SHAM rats that exposed
to the same surgical procedure but
without cutting the medial medial col-
lateral ligament and the medial me-
niscus unoperated. They recieved
normal saline orally once daily for six
weeks.

The forty rats with surgical induc-
tion of osteoarthritis were divided

Vol. 44, No.1 & 2 Jan. & April, 2015

into four group of 10 rats in each, as
a following:

Group2: non-treated osteoarthritic
rats. They received oral normal sa-
line once daily from the first day of
surgery for six weeks.

Group 3: osteoarthritic rats were
treated with atorvastatin solution
orally at a dose of 10mg /kg/ day and
administrated by a gastric

from 1st day of surgery for six weeks
[17].

gavage

Group 4: osteoarthritic rats were
treated with atorvastatin solution in-
traarticularly at a dose of 0.4mg/ /kg
and injected intraarticularly by insulin
syringe once a week from 1st day of
surgery for six weeks [18]

Group 5: osteoarthritic rats were
treated with combined oral atorvas-
tatin 10mg /kg/ day and intraarticular
atorvastatin  0.4mg/ /kg/ from 1st
day of surgery once a week for six
weeks

At end of study rats were sacri-
ficed using an over-dose of thiopen-
tal sodium (75 mg/kg body weight,
i.p) [19]. Blood was withdrawn from
the heart of rats by 5 ml syringe.
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Blood samples were collected in a
dry test tubes permitted to clump for
30 minutes prior to centrifuge at
4000 revolutions per minute for 15
minute and then serum was separat-
ed and collected in Eppendorf tube
and kept frozen at -20°C till the time
of measurement of MMP13, IL-1p,
TNF-a, MDA. Other amount of blood
(for measurement of GSH)
lected using heparin as an anticoag-
ulant. Then the blood was diluted 4
times by distilled water to lyse the

was col-

erythrocyte and the supernatate was
collected (erythrocyte lysate).

2.5 Biochemical Assay

1- Determination of serum MMP
13 using rat MMP 13 ELISA Kit
(Eiaab science com, Catalog No
E0099r)

2- Determination of sera inflam-
matory markers:

A. IL-18 concentration using rat
IL-1p ELISA Kit (Boster biological
technology, Catalog No. EK0393)

B. TNF-a concentration using rat
TNF-a ELISA Kit (Rat TNF-o ELISA
Kit, RayBio.USA)

4- Oxidative stress markers:
A. Colorimetric determination of

reduced glutathione (GSH) in fresh
heparinized blood according to Beut-
ler et al. [20] using (Bio-diagnostic
kit. Egypt)

B. Colorimetric determination of
serum lipid peroxide (Malondialde-
hyde) according to Ohkawa et al. [21]
using (Bio-diagnostic kit. Egypt)

2.6 Histopathological Examination

After extraction of the skin, oste-
otomy above and under the knee
joint and fixation of the specimens in
10% buffered formalin 24 h were
done [22]. The specimens then de-
calcified in 10% nitric acid for 5 days.
Paraffin wax tissue blocks were pre-
pared for sectioning by sledge micro-
tome at 4 um thickness. The ob-
tained tissue sections were collected
deparaffinized on glass slides. Histo-
logical
stained by Haematoxyline and Eosin
(H/E), and semi quantitative histolog-
ical lesions grading (0-5) performed
with scoring system in accordance to
Khan et al. [23] as a follow:
0: Normal cartilage: Intact surface

examination of the slides

layer, normal chondrocytes, nor-
mal morphology of cells and con-
tinuous matrix.

1: Rough surface: Irregular superfi-
cial layer (0.25), condensation of

MANSOURA MEDICAL JOURNAL
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superficial layer (0.25), prolifera-
tion of chondrocytes (0.25) and
initiation of cluster formation
(0.25).

2: Surface discontinuity: All above
and discontinuous superficial
layer (1.20), cell death till mid

(1.20),

(1.20), disorientation of chondro-

zone hypercellularity
cyte columns (1.20) and cluster
formation (1.20).

3: Cleft formation:
large patches of cell death (2.25),
sloughing of layers till mid zone
(2.25), mild loss of matrix (2.25)
and hypertrophy (2.25).

4: Erosion:
layers (3.20), maximum loss of
matrix (3.20), clusters of chon-
drocytes (3.20),
(8.20) and multiple patches of cell
death (3.20).

5: Denudation: Denudation of bone

All above and

Sloughing of cellular

hypocellularity

(4.25), maximum loss of cellular
layers and matrix (4.25), micro
fracture (4.25) and initiation of fi-
brosis (4.25).

2.7 Statistical analysis

Data were analyzed using Statisti-
cal package for social science
(SPSS) version 21. In the statistical
comparison between the different

Vol. 44, No.1 & 2 Jan. & April, 2015

groups, the significance of difference
was tested using ANOVA (analysis
of variance): Used to compare be-
tween more than two groups of nu-
merical (parametric) data followed by
post-hoc tukey for multiple compari-
sons. A P value <0.05 was consid-
ered statistically significant in all
analyses.

RESULTS

3.1 Effect of atorvastatin on
MMP-13

Surgical induction of OA in rats
produced highly significant increase
in serum MMP13 in control osteoar-
thritic group (group 2) compared to
control non-arthritic rats (group 1).

Oral, 1A and combined (groups 3,
4, 5 respectively) showed highly sig-
nificant decrease in MMP-13 as com-
pared with control OA group but still
significantly higher than control nor-
mal group except group 5 which re-
ceive combined treatment where
MMP-13 level not significantly differ
from control non-arthritic group.
There was no significant difference
between oral and IA treated groups
while combined group showed signif-
icant decrease in MMP13 compared

with either oral or IA prophylactic
group.
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3.2 Effect of atorvastatin on in-
flammatory markers

Surgical induction of OA in rats
produced significant increase in ser-
um IL-1B, TNF-a in control osteoar-
thritic group as compared with con-
trol non-osteoarthritic rats Oral, IA or
combined (groups 3, 4, 5 respective-
ly) produced highly significant de-
crease in IL-18 and TNF-a compared
with control OA group. Group 5,
which receive combined oral and IA
atorvastatin, IL-1 § and TNF-a levels
not significantly differed from control
non-arthritic group. There was no
significant difference between oral
and IA treated groups while com-
bined group showed significant de-
crease in IL-1p and TNF-a compared
with either oral or IA treated group
alone (Table 2).

3.3 Effect of atorvastatin on oxi-
dative stress markers

Surgical induction of OA pro-
duced a significant decrease in GSH
and increase in MDA as compared to
normal group. Oral, IA, combined
(groups 3, 4, 5 respectively) pro-
duced significant increase in GSH
level and decrease in MDA com-
pared with control OA group, Also,
there was no significant difference

between oral and |IA groups while
combined group showed significant
increase in GSH and significant de-
crease in MDA compared with either
oral or |IA prophylactic group alone.
Combined oral and IA atorvastatin
treated group in both markers not
significantly differ from control non-
arthritic group (Table 3).

3.4 Effect of atorvastatin on histo-
pathological score

As compared to histopathological
examination of the normal non ar-
thritic rats (figure 1) which showed
intact histological picture; intact sur-
face layer, normal chondrocytes or-
ientation, morphology of cells and
continuous matrix (Grade 0), the his-
topathological examination of the os-
(figure 2A, 2B)
showed loss of superficial layer, cleft
formation, cell death, hypocellularity,
maximum loss of cellular layers and
matrix, erosion and matrix loss and
initiation of fibrosis (Grade 5)

teoarthritic rats

The histopathological examina-
tion of the treated groups showed at-
tenuation in the degree and severity
of pathological changes compared to
osteoarthritic non-treated group (fig-

ures 3, 4, 5 respectively).

MANSOURA MEDICAL JOURNAL
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Surgical induction of OA in rats
produced highly significant increase
in histopathological score in control
osteoarthritic group (12.76+1.35)
(Table 4) as compared with that of
control non-osteoarthritic rats (group
1) (0+0). Oral, IA and combined
groups showed highly significant im-
provement in histological scores
(3.28+0.51, 2.95+0.44, 0.835+0.98)
compared with OA group but still sig-

nificantly higher than control normal
group except group 5, which receive
combined treatment, which show
non-significant difference from con-
trol non-arthritic group. Combined
group showed significant improve-
ment compared with either oral
group alone or |IA group alone while
there was no significant between

oral and IA groups

Table 1: effect of atorvastatin on MMP 13 level

Animal groups (n=10)

Group 1: control non osteoarthritic group

MMP13 (pg/ml)
Mean + SD

6.15 £2.58

Group 2: control osteoarthritic group

20.77+3.30
P1*

Group 3: Oral treated group

13.25+1.90
P1*
p2 *

Group 4: IA treated group

12.8842.64
P1*
P2*
P3NS

Group 5: combined oral and TA group

8.05+0.54
P1 NS
P2*
P3 *
P4 *

SD: standard deviation
*: significant (p < 0.05)
NS: non-significant (p > 0.05)

P1: significance with control non-osteoarthritic group
P2: significance with control osteoarthritic group

P3: significance with oral treated group

P4: significance with combined oral and IA group

Vol. 44, No.1 & 2 Jan. & April, 2015
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Table 2: effect of atorvastatin on inflammatory markers

Animal groups (n=10) I1L1- (pg/ml) TNF- (pg/ml)
Mean + SD Mean+ SD
Group 1: control non-osteoarthritic group 39.45+5.56 10.51+1.51
Group 2: control osteoarthritic group 92.27+12.25 22.61+£3.32
P1* P1*
Group 3: oral treated group 53.34+5.67 15.10+0.55
P1* P1*
P2 * P2 *
Group 4: IA treated group 50.824+2.98 15.04+1.66
P1* P1*
P2* P2*
P3 NS P3 NS
Group S: Combind oral and IA treated gro 39.74+6.03 11.68+1.33
P1 NS P1 NS
P2* P2*
P3 * P3 *
P4 * P4 *

SD: standard deviation

*: significant (p < 0.05)

NS: non-significant (p > 0.05)

P1I: significance with control non-osteoarthritic group
P2: significance with control osteoarthritic group

P3: significance with oral treated group

P4: significance with combined oral and IA group

Table 3: effect of atorvastatin on oxidative stress markers

GSH
(mg/dl) (@mmol
Mean+ SD Mean+ SD

Animal gr

Group 1: control non-osteoarthritic group 15.47+1.57 8.25+0.91
Group 2: control osteoarthritic group 7.01+1.15 15.30+1.77
Pl sk
Pl sk
Group 3: oral treated group 11.87+1.32 11.47%1.46
P1* P1*
P2 3k P2 koK
12.14+0.86 11.20+£2.51
Group 4: IA treated group P1* P1*
P2 3 3k P2 3k
P 3 NS P 3 NS
Group 5: Combined oral and IA treated 14.32+0.68 8.48+0.85
group P1 NS P1 NS
P2 ok P2 3k
P3 * P3 **
P4 * P4 *

SD: standard deviation
*: significant (p <0.05) **: Highly significant (p < 0.001)
NS': non-significant (p >0.05)

P1: significance with Group 1
P2: significance with Group 2
P3: significance with Group 3
P4: significance with Group 4

MANSOURA MEDICAL JOURNAL
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Table 4: effect of atorvastatin on histological score

Animal groups (n=10) histopathological score

Mecan

0+0
Group 2: control osteoarthritic group 12.76+1.35

Group 1: control non-osteoarthritic

P1*
Group 3: Oral treated group 3.28+0.51
P1*
P2 *
Group 4: TA trcated group 2.95+0.44
P1*
P2*
P 3 NS
Group 5: combined oral and IA group 0.835+0.98
P1 NS
P2 *
P3 *
P4 *

SD: standard deviation
*: significant (p <0.05)
NS': non-significant (p >0.05)

PI: significance with Group 1
P2: significance with Group 2
P3: significance with Group 3
P4: significance with Group 4

Figure (1): Histopathological findings of hematoxylin and eosin-stained
normal articular cartilage section of proximal tibia: The ar-
ticular cartilage shows (AC) smooth surface (arrow). The
chondrocytes appear normal in the matrix (arrow heads).
Normal bone marrow (BM) are seen.

Vol. 44, No. 1 &2 Jan. & April, 2015
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Figure (2 A): Histopathological findings of hematoxylin and eosin-stained oste-
oarthritic articular cartilage section: The cartilage from OA group
shows erosion in surface of the articular cartilage (arrow) with the
presence of underlying fibrous tissue (asterisk). Abnormal cavities
are seen in matrix (arrow heads) .

Figure (2 B): Histopathological findings of hematoxylin and eosin-stained oste-
oarthritic articular cartilage section: The cartilage from OA group
shows disrupted articular cartilage surface (arrow), area of ulcera-
tion (arrow head) and decrease number of chondrocytes (diamond)
and some cell death. There are subchondral bone cavities (aste-
risk).

MANSOURA MEDICAL JOURNAL
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Figure (8): Histopathological findings of hematoxylin and eosin-stained oral
atorvastatin treated group: The cartilage from oral group shows
less disrupted surface of articular cartilage, apperantly increase ar-
ticular cartilage thickness with increased number of chondrocytes
(arrow head). Small cysts seen in subchondral bone (asterisk)

Figure (4): Histopathological findings of hematoxylin and eosin-stained IA
treated group: The cartilage from IA group shows smooth surface of
articular cartilage (arrow), slight increase in articular cartilage
thickness with nearly normal number of chondrocytes .

Vol. 44, No. 1 &2 Jan. & April, 2015



Ali Mohamed Ali Gaballah et al .... 157

Figure (5): Histopathological findings of hematoxylin and eosin-stained of com-
bined oral and IA group: The cartilage from combined group show-
ing smooth surface of articular cartilage (arrow), nearly normal ar-

ticular cartilage

DISCUSSION

According to American College
of Rheumatology, the pharmacologic
recommendations
agement of OA primarily aims to
alleviate symptoms, reduce pain and
control inflammation with paraceta-
mol, NSAIDs, opioid analgesic or
intraarticular
tions [24].

for initial man-

corticosteroid injec-

Current drug development focus-
es on a new strategy in treatment of
OA to modify the progression of joint
structural changes and causes either
slowing the rate of disease progres-
sion, a complete stop of disease pro-

thickness with nearly normal
chondrocytes (arrow head).

number of

gression or even reverse the disease
(25],

Surgically induced OA models
may be more clinically relevant than
chemically induced models because
the histopathological and biochemi-
cal changes that occur following sur-
gical induction of OA are more simi-
lar to those seen in human OA [15],

In the present study, we evaluat-
ed the possible effect of statin in an
experimental model of osteoarthritis
as a potential OA disease modifying
drug. Atorvastatin was given as oral
(10mg/kg/day), 1A (0.4mg/ /kg/week)
or by both oral and IA starting from

MANSOURA MEDICAL JOURNAL
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first day of surgical induction of OA
for successive 6 weeks.

The disease was evaluated by
histopathology and by chemical
markers that affect the pathogene-
ses of the joint structural changes
e.g pro-inflammatory cytokines (IL-
1B and TNFa), proteolytic enzymes
(MMP-13) and oxidative stress mark-
ers (MDA and GSH).

After induction of OA in rat, it was
found that there was significant in-
crease of MMP-13 in osteoarthritic
group compared to normal non-
arthritic group. The increase in level
of MMP-13 came in agreement with
other previous studies as Akasaki et
al, 2009 [26]. MMPs are the proteo-
lytic enzymes increased in OA and
play a central role in the degradation
of articular cartilage. MMP-13 is the
key of these enzymes as it is the
most proficient at hydrolyzing bonds
in type Il collagen, the most abun-
dant type of collagen in articular car-
tilage [27, 28], Atorvastatin treatment
in this study produced significant re-
duction of MMP-13in all atorvastatin
treated groups compared to non-
treated arthritic group.

It was found also that there is sig-

Vol. 44, No.1 & 2 Jan. & April, 2015

nificant increase of IL-1  and TNF «
in osteoarthritic group as compared
to normal non-arthritic group. The
progression of cartilage degradation
is mediated largely by pro-
inflammatory cytokines mostly IL-1
and TNFa. These cytokines contrib-
ute to tissue destruction by disrupt-
ing the balance of the catabolic and
anabolic activities of chondrocytes.
Much of the activities of these proin-
flammatory cytokines are mediated
by the activation of transcription fac-
tor NF?B. As a result, OA chondroc-
ytes reduce expression of extracellu-
lar matrix components as type Il
collagen and aggrecan as well as in-
creased production of proteolytic en-
zymes as MMPs [29] Atorvastatin
produced significant reduction of IL-1
f and TNFa in all treated compared
to OA group

These anti-inflammatory effects of
statins appeared to be independent
of the cholesterol lowering activity.
Statin inhibit mevalonate synthesis
leading to a reduction in the synthe-
sis of important intermediates, such
as the isoprenoids geranylgeranyl-
pyrophosphate (GGPP) and farne-
syl-pyrophosphate (FPP), These in-
termediates are involved in the post-
translational prenylation of several
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proteins (e.g., Ras, Rho, Rac) that
modify a variety of cellular processes
including cellular signaling, differenti-
ation, proliferationcoagulation, oxida-
tion, inflammatory and immunologic
responses [30]. Statins through its in-
hibition of these intermediate have
important pleiotropic effects; im-
provement of endothelial dysfunc-
tion, antioxidative properties, antiin-
flammatory, antiproliferative  and
antithrombotic effects and neoangio-
genesis so statins may be of poten-
tial therapeutic use in a variety of
non-vascular diseases, including au-
toimmune diseases, multiple sclero-
sis, arthritis, dementia and some
types of cancer [10]

Statins likely inhibit the expres-
sion of multiple inflammatory cyto-
kines through its ability to inhibit nu-
clear factor kappa B (NF-xB)
activation that is transcriptional regu-
lator of more than 40 inflammatory
genes. NF-kB is known to be activat-
ed via Rho GTPases and statin in-
hibit NF-xB through down-regulation
of Rho-related protein activation.
Statins also activate antiinflammato-
ry transcription factors known as per-
oxisome proliferator—activated recep-
tors, intracellular ligand-activated
transcription factors that interfere

with  NF-xB transcriptional
[31],

activity

The induction of OA was asso-
ciated with increase in MDA, NO and
decrease in reduced glutathione as
compared to non-arthritic control
group in the current study.

Osteoarthritis is characterized by
increased markers of oxidative
stress; human articular chondrocyte
can actively produce reactive oxygen
species (ROS). ROS with oxidative
activity play an important role in the
chondrocyte catabolic program being
the mediators and effecters of cartil-
age damage [32] This negative ef-
fects through damage of
branes, modification of proteins and
DNA which disturb cartilage anabo-
lism and promote catabolism and in-
duce cell death [33].

mem-

Atorvastatin treatment produced
marked improvement of oxidative
stress markers, it decreases MDA
while GSH was increased in all treat-
ed groups

Statins reduce the production of
ROS by inhibiting the assembly and
activation of the nicotinamide ade-
nine dinucleotide phosphate

MANSOURA MEDICAL JOURNAL
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(NADPH) complex. In addition, they
reduce oxidative stress by controlling
nitric oxide production and possibly
through their anti-inflammatory ef-
fects [34]. These effects of statin re-
sult from inhibition of mevalonate
pathway which results in a reduction
in the synthesis of important interme-
diates including isoprenoids [35].

Histological studies are more pre-
cise to detect the accurate severity
of OA. A simple and reproducible
histopathological score of experi-
mentally induced OA in animals pro-
vide the necessary information about
structural changes in joints and their
degree of severity [23]. In the present
study, histopathological examination
and histological scoring were done
according to Khan et al, 2013 [23].
Development of OA in control arthrit-
ic rats was evident in histopathologi-
cal examination as there were loss
of superficial layer, cleft formation,
cell death, hypocellularity, maximum
loss of cells and matrix, erosion and
matrix loss and fibrosis recording
score of 12.8 as compared the nor-
mal control saline treated non arthrit-
ic rats where histological picture is
completely normal; intact surface
layer, normal chondrocytes orienta-
tion, morphology of cells and contin-

Vol. 44, No.1 & 2 Jan. & April, 2015

uous matrix and allocated as zero
score. Groups treated with atorvasta-
tin showed significant histological im-
provement than non- treated arthritic

group.

The combined oral and IA group
showed significant improvement than
either oral or IA alone. This can be
explained by synergistic effect of
combined oral and IA. The oral ad-
ministration of statins result in a rela-
tively low drug bioavailability to the
joints, and to reach with sufficient
amount high statin doses are re-
quired which increase the risk of sta-
tin-associated side effects [14]. Oral
administration of statin in usual dose
improve OA mainly through its sys-
temic effect. It has been proposed
that the progression of OA to ad-
vanced states is driven by atheroma-
tous vascular disease leading to sub-
chondral bone ischaemia and
contributes to joint cartilage degener-
ation as a result of disturbance of its
nutritional supply [36]

Statins prevent atherosclerosis by
their lipid-lowering properties and an-
tioxidant effects as they reduce sus-
ceptibility of LDL to oxidation and re-
duce the amount of oxidized Low-
density lipoprotein (LDL) in plasma
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and within the atherosclerotic lesions
[37]. statins also modulate coagula-
tion and exert antithrombotic effects
via a number of mechanisms includ-
ing inhibition tissue factor synthesis
and increasing thrombomodulin for-
mation via inhibition of geranylgeran-
ylation of the Rho/Rho kinase path-
way and, in turn nuclear factor-?7B
activity, increasing endothelial nitric
oxide synthase activity, enhance fib-
rinolysis by its effect of protein C and

inhibit factor V and XlIl activation
[38].

On the other hand, IA atorvastatin
improve OA mainly through its local
effect on the cartilage and subchon-
dral bone more than in oral rout. Sta-
tin has direct anabolic effects on car-
tilage as it enhances aggrecan and
type Il collagen gene expression and
proteoglycan synthesis. Such an ef-
fect appeared to be mediated by the
concomitant up-regulation of bone
morphogeneic potein-2, a key factor
in promoting chondrocyte differentia-

tion and cartilage biosynthesis [39,
14]

Statins also interfere with osteo-
clast function with suppression of
bone resorption and have been
shown to promote osteoblast activity

through increased production of
bone morphogeneic protein-2, Such
effects should beneficially modify the
subchondral OA bone, already rec-
ognized as a potential target for
structure modification [40]

CONCLUSION

It can be concluded that Atorvas-
tatin has beneficial effects and re-
duced the development of OA le-
sions in a rat model of OA when
given from the first day of surgical in-
duction of OA either by oral, IA or
combined routs. Also, it was found
that combined oral and IA adminis-
tration of atorvastatin produced bet-
ter improvement than oral or IA
alone that may be explained by syn-
ergism in action of atorvastatin when
given by combined oral and IA.
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