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ABSTRACT

Aim: The present work was designed to examine of the potential anti-inflammatory effect of
rosuvastatin (ROSV) and/or Lefleunamide (LFLU) against Complete Freunds Adjuvant (CFA)-
induced arthritis in rats.

Methods: The mRNA level of perxisome proliferator-activated receptor-alpha (PPAR-a) was
determined using Real-time PCR. The levels of NF-[1B, iNOS, IL-6, TNF-a and SOD activity were
measured using ELISA. The swollen paws were measured using caliper. The GSH level was
measured using colorimetric assay. The level of malondialdehyde (MDA) was determined using
thiobarbituric acid reactive substances assay kit.

Results: ROSV induced the expression of PPAR-a that suppresses NF-xB as demonstrated by a
strong reduction in NF-«B level in animals treated with ROSV. Also, ROSV administration reduced
the levels of the inflammatory mediators IL-6 and TNF-a. In addition, iNOS and MDA content as
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well as expression of MMP-9 and MMP-2 induced by CFA is abrogated in animals treated with
ROSV. Also GSH content and SOD activity were highly increased in ROSV-treated animals.
Furthermore, the size of right paw induced by CFA was reduced in ROSV-treated rats. Moreover,
the histopathological alterations induced by CFA were highly improved in animals treated with
ROSV. Similar results were also found in animals treated with LFLU. Importantly, similar effects
were obtained in rats treated with both ROSV and LFLU in half doses.

Conclusion: This study demonstrates that ROSV as well as LFLU has the ability to inhibit
rheumatoid arthritis in experimental model induced by CFA. Importantly, concomitant administration
of ROSV and LFLU in half doses synergize against rheumatoid arthritis.

Keywords: Rosuvastatin; lefleunamide; rheumatoid arthritis; complete freunds adjuvant.

1. INTRODUCTION

Rheumatoid arthritis (RA) is a chronic disease
manifested by joint pain, tenderness and swelling
[1. Many studies reported the role of
autoimmune phenomenon in the development of
RA [2,3]. Activation of B-cells has been shown to
release IgM antibody against 1gG; this molecule
is called rheumatoid factor (RF). The immune
complexes (IgG and IgM) trigger inflammatory
destruction to the synovium and collagen [2,3]. It
has been shown that macrophages activation
releases several cytokines which play an
important role in joint tissues damage [2,3]. The
destruction of the cartilage has been shown to be
due to matrix metalloproteinases (MMPs) activity,
produced by activated macrophages and
fibroblasts in response to inflammatory cytokines
such as interleukin-1 (IL-1) and tumor necrosis
factor-a (TNF-a) [4]. Nuclear Factor Kappa B
(NF-[1B) is highly activated at sites of
inflammation in variety of diseases and can
control the production of proinflammatory
cytokines, MMPs, adhesion molecules, inducible
nitric oxide synthase (iNOS) and
cyclooxygenase-2 (Cox-2) [5]. The peroxisome
proliferator-activated receptors (PPARs) form a
subfamily of the nuclear receptor superfamily.
There are three isoforms: PPAR vy, PPAR «, and
PPAR 6. The PPARs are ligand dependent
transcription factors that control the transcription
of different target genes through the binding to
specific  peroxisome proliferator response
elements (PPRESs) in enhancer sites of regulated
genes. PPARs are expressed in immunological
cell types such as monocyte/macrophages,
lymphocyte, and dendritic cells. The three
isoforms have been shown to inhibit the
production of many inflammatory mediators and
cytokines [6]. PPAR-a agonists have been
shown to modulate inflammation by inhibiting
cytokine (TNF-a, interleukins) production in a
PPAR-o dependent manner [7-10]. Statins have
been shown to induce PPAR-a expression in
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stimulated endothelial cells, macrophages, and
hepatocytes [11]. Several drugs are usually used
to manage RA like analgesics, disease-modifying
anti-rheumatic drugs (DMARDs), non-steroidal
anti-inflammatory drugs (NSAIDs),
corticosteroids and immunosuppressive agents.
Also, TNF-a and IL-1B antagonists have been
used in management of RA patients [12,13].
However, the uses of these agents are usually
associated with several adverse effects.
Recently, researchers are directed towards the
discovery of safe and effective drugs for the long-
term use. Kleemann and his colleagues [14]
reported that, the anti-inflammatory effect of
rosuvastatin (ROSV) is mediated via peroxisome
proliferator-activated receptors (PPARS)
signaling-pathway through suppression of NF-xB
mediated-target gene activation especially TNF-
a, IL-6, adhesion molecules and iNOS.
Furthermore, it has been reported that
combination of atrovastatin with prednisolone
produced a better results than in either remedy
alone against Freunds adjuvant induced-arthritis
in rats [15]. |Interestingly, it has been
demonstrated that inhibitors of HMG-CoA
reductase may protect joints and peri-articular
bones of experimental animals against
experimental arthritis progression [16].
Leflunomide (LFLU) which belongs to DMARD
was licensed for use in rheumatoid arthritis in
1998. It interferes with the production of
inflammatory cytokines by T-cell via inhibition of
NF-«B activity required for inflammatory
cytokines expression [17]. It inhibits also the
production of proinflammatory TNF-a and
interleukin 1B [18]. In addition, LFLU has the
ability to inhibit COX-2 enzyme at the site of
inflammation [19]. Therefore, the present work
was designed to examine first, the potential anti-
inflammatory effect of either ROSV or LFLU
[standard DMARD] against Complete Freunds
Adjuvant (CFA)-induced arthritis in rats. Second
the potential anti-inflammatory effect of both
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ROSV and LFLU when given together in half
doses against CFA-induced arthritis in rats.

2. MATERIALS AND METHODS
2.1 Animals

Female Wistar albino rats weighing 150-200 g
were provided from Nile Co., Cairo, Egypt. The
rats were housed in a 12h dark/light cycle animal
facility with controlled humidity and constant
temperature. A standard diet and water were
supplied ad libitum. For adaptation, the rats were
kept for one week under observation before the
experimental study.

2.2 Materials

Complete Freunds Adjuvant (CFA) was
purchased from Sigma-Aldrich Co. (St. Louis,
MO, USA). Rosuvastatin was obtained from
AstraZeneca Pharmaceuticals, Egypt.
Lefleunamide was obtained from Multi Apex
Pharmaceuticals, Egypt. Reduced glutathione
(GSH), superoxide dismutase (SOD), and
thiobarbituric acid reactive substances (TBARS)
assay kits were purchased from Bio-diagnostic
Co. (Giza, Egypt). Tumor necrosis factor-a (TNF-
o) and interleukin-6 (IL-6) ELISA kits were
purchased from Abcam Inc., (Cambridge, MA,
USA). Inducible NO-synthase (iNOS) was
purchased from ElIAab Science Co., Ltd., China.
Nuclear factor kappa-B (NF-xB), matrix-
metalloproteinase-2 (MMP-2) and  matrix-
metalloproteinase-9 (MMP-9) were purchased
from Cloud-Clone Corp., Houston, TX, USA.

2.3 Experimental Design

The rats were randomly divided into five groups,
8 rats in each. The control group (first group) was
given the vehicle (0.5% Sodium carboxymethyl
cellulose). The second group received 0.4ml
CFA (SC) in right hind paw for 12 days divided in
three doses to induce rheumatoid arthritis [20].
After induction of rheumatoid arthritis for 12 days,
the third group were administered ROSV on day
13 in a dose of 10 mg/kg/day [21] for 28 days
after the last injection of CFA. Also, after
induction of rheumatoid arthritis for 12 days, the
fourth group received LFLU on day 13 in a dose
of 10 mg/kg/day [22] for 28 days after the last
injection of CFA. On day 13, after induction of
rheumatoid arthritis for 12 days, the fifth group
was treated with ROSV in a dose of 5 mg/kg/day
[23] plus LFLU in a dose of 5 mg/kg/day [24,25]

for 28 days after the last injection of CFA. At the
end, blood was collected for measurement of IL-
6 and TNF-o levels. Afterwards, animals were
sacrificed by cervical dislocation. Ankle, paw and
knee joints were dissected immediately after
death, washed with ice-cold phosphate buffered
saline (PBS), and kept at -20°C for biochemical
analysis. Paws specimens were kept in 10%
neutral-buffered formal saline for
histopathological analysis.

2.4 Assessment of NF-xB Level

The NF-[1B level in joint tissue was assessed by
enzyme-linked immunosorbent assay (ELISA) as
previously described [26].

2.5 Assessment of iINOS Level

The iINOS level in joint tissue was detected by
enzyme-linked immunosorbent assay (ELISA)
according to the manufacturers instructions
(ElAab Science Co., Ltd., China).

2.6 Determination of Serum IL-6 Level

The serum level of IL-6 in was measured by
enzyme-linked immunosorbent assay (ELISA)
according to the manufacturers instructions
(Abcam Inc., Cambridge, MA, USA).

2.7 Determination of Serum TNF-a Level

The serum level of TNF-a was detected by
enzyme-linked immunosorbent assay (ELISA)
according to the manufacturers instructions
(Abcam Inc., Cambridge, MA, USA).

2.9 Measurement of Lipid Peroxides

The level of malondialdehyde (MDA) content in
joint tissue was assessed according to the
manufacturers instructions (Bio-diagnostic Co.,
Giza, Egypt) as previously described [26]. Briefly,
the determination of TBARS calculated as MDA
is based on the reaction of MDA with TBARS.
The absorbance of the resultant pink color was
determined at 534 nm spectrophotometrically.
The MDA content in joint tissue samples was
determined by comparison with the
predetermined MDA standard curve.

2.10 Measurement of SOD Activity

The SOD activity in joint tissue was determined
as previously described [27].
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2.11 Assessment of GSH Content

The GSH content in joint tissues was assessed
as previously described [26]. Briefly, GSH
determination depends on the reduction of
Ellmans reagent by the SH group in GSH to
produce yellow product which can be measured
spectrophotometrically at 405 nm.

2.12 Real-time PCR

The level of PPAR-a mRNA in joint tissue was
detected using Real-time PCR system as
previously described [28]. Briefly, total RNA was
extracted from joint tissue according to the
manufacturers instructions of the total RNA
extraction kit and the RNA was subjected to
reverse transcription. The following primers were
used:

PPAR-a: 5-ACGATGCTGTCCTCCTTGATG-

3' (forward),
5'- GCGTCTGACTCGGTCTTCTTG-

3' (reverse)
GAPDH: 5-CCATTCTTCCACCTTTGATGCT-

3' (forward),
5-TGTTGCTGTAGCCATATTCATTGT-

3' (reverse)

Real time PCR was done as follows: one initial
step at 95°C for 10 min followed by 45 cycles at
95°C for 10 seconds, 55°C for 1 min and 72°C
extension step for 5 seconds. The mRNA level
was determined as fold change from the GAPDH
level.

2.13 Measurement of Paw Size
The swollen paws were periodically examined
(up to 28 days) in each paw from the ankle using
caliper as previously described [29].

2.14 Histopathological Investigation

Histopathological examination was done as
previously described [27].

2.15 Statistical Analysis

Results are expressed as means + SD. One way
ANOVA followed by Tukey-Kramer as a post-hoc
test was used to analyze statistical significance
among groups. P-values below 0.05 were

considered as indication for statistically
significant differences between groups
compared.

3. RESULTS

3.1 ROSV and/or LFLU Upregulate PPAR-
o mMRNA Transcription in Joint Tissue
of Arthritic Animals

As demonstrated in Fig. 1, induction of
rheumatoid arthritis  with CFA  significantly
reduced PPAR-[] expression on mRNA level as
compared to control. However, treatment of rats
with either ROSV or LFLU (standard DMARD)
significantly induced PPAR-a expression in joint
tissue of arthritic animals. Concomitant
administration of ROSV and LFLU in half doses
significantly induced PPAR-a expression.

3.2ROSV and/or LFLU Attenuate NFxB
and iNOS Expression in Experimental
Model of RA Induced by CFA

Treatment of rats with either ROSV or LFLU
significantly —attenuated NF-[1B expression
induced by CFA in arthritic group (Fig. 2A). In
addition, treatment of animals with ROSV in
combination with LFLU in half doses significantly
reduced NF-kxB expression in arthritic animals
(Fig. 2A). In addition, INOS expression was
highly reduced in arthritic animals treated with
either ROSV or LFLU (Fig. 2B). Also,
concomitant use of ROSV and LFLU in half
doses significantly inhibited iINOS expression in
joint tissue of arthritic rats (Fig. 2B).

3.3 ROSV and/or LFLU Downregulate the
Expression of MMP-9 and MMP-2 in
Joint Tissue of Arthritic Animals

As demonstrated in Fig. 3, the expression of
MMP-9 and MMP-2 were highly induced in joint
tissue of arthritic animals (Fig. 3A, 3B). On the
other hand, treatment of arthritic rats with either
ROSV or LFLU significantly inhibited the
expression of MMP-9 and MMP-2 in joint tissue
of arthritic animals (Fig. 3A, 3B). Concomitant
use of ROSV and LFLU in half doses significantly
reduced the expression of MMP-9 and MMP-2 in
arthritic animals (Fig. 3A, 3B).

3.4 ROSV and/or LFLU Attenuate TNF-a
and IL-6 Expression in Joint Tissue of
Arthritic Animals

The level of TNF-aand IL-6 were highly
increased in serum of arthritic animals (Fig. 4A,
4B). On the other hand, treatment of arthritic rats
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Fig. 1. Effect of ROSV and/or LFLU on PPAR-a expression in experimental model of RA
induced by CFA
Total RNA was isolated from joint tissues of animals treated with either vehicle (-) or CFA (0.4ml Complete
Fruends Adjuvant S.C in right hind paw) or CFA+ROSV (10 mg/kg/day) or CFA+LFLU (10 mg/kg/day) or
CFA+(ROSVand LFLU in half doses) and mRNA expression of PPAR-« was assessed by Real-time PCR
analysis. PPAR-a mRNA was normalized to that of GAPDH and is shown as mean fold-induction. Data represent
means = S.D. (n=8), *** p < 0.001 versus control, ### p < 0.001, versus CFA alone-treated animals
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Fig. 2. Effect of ROSV and/or LFLU on NF-kB and iNOS expression in experimental model of
RA induced by CFA
NF-xB (A) and iNOS (B) expression in joint tissue from rats treated with with either vehicle (-) or CFA (0.4ml
Complete Fruends Adjuvant S.C in right hind paw) or CFA+ROSYV (10 mg/kg/day) or CFA+LFLU (10 mg/kg/day)
or CFA+(ROSVand LFLU in half doses) were measured by ELISA. Data represent means + S.D. (n=8), ***p <
0.001 versus control, ### p < 0.001, versus CFA alone-treated animals
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Fig. 3. Effect of ROSV and/or LFLU on MMP-9 and MMP-2 expression in experimental model of
RA induced by CFA
MMP-9 (A) and MMP-2 (B) expression in joint tissue from rats treated with with either vehicle (-) or CFA (0.4ml
Complete Fruends Adjuvant S.C in right hind paw) or CFA+ROSYV (10 mg/kg/day) or CFA+LFLU (10 mg/kg/day)
or CFA+(ROSVand LFLU in half doses) were measured by ELISA. Data represent means + S.D. (n=8), *** p <
0.001 versus control, ### p < 0.001 versus CFA alone-treated animals
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Fig. 4. Effect of ROSV and/or LFLU on TNF-a and IL-6 expression in experimental model of RA
induced by CFA
Serum levels of TNF-« (A) and IL-6 (B) from rats treated with with either vehicle (-) or CFA (0.4ml Complete
Fruends Adjuvant S.C in right hind paw) or CFA+ROSV (10 mg/kg/day) or CFA+LFLU (10 mg/kg/day) or
CFA+(ROSVand LFLU in half doses) were measured by ELISA. Data represent means + S.D. (n=8), ***p <
0.001 versus control, ### p < 0.001 versus CFA alone-treated animals

with either ROSV or LFLU significantly reduced
the level of TNF-a and IL-6 (Fig. 4A, 4B).
Concomitant use of ROSV and LFLU in half
doses significantly reduced the level of TNF-
o and IL-6 (Fig 4A, 4B).

3.5R0OSV and/or LFLU
Peroxidation in Joint
Arthritic Animals

Inhibit Lipid
Tissue of

The by-product of lipid peroxidation MDA was
highly increased in joint tissue of arthritic animals
(Fig. 5A). On the other hand, administration of

either ROSV or LFLU significantly reduced MDA
in joint tissue of arthritic animals (Fig. 5A).
Concomitant use of ROSV and LFLU in half
doses significantly reduced the MDA level in joint
tissue of arthritic rats (Fig. 5A).

3.6 ROSV and/or LFLU Increase GSH
Content and SOD Activity in Joint
Tissue of Arthritic Animals

As shown in Fig. 5B, SOD activity in arthritic
animals was significantly reduced. However,
administration of either ROSV or LFLU
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significantly increased SOD activity in arthritic
rats. Concomitant use of ROSV and LFLU in half
doses significantly increased SOD activity in
arthritic animals. Also, GSH content in joint tissue
of arthritic animals was highly reduced (Fig. 5C).
On the other hand, treatment of arthritic rats with
either ROSV or LFLU significantly increased the
GSH content in joint tissue of arthritic animals
(Fig. 5C). Concomitant use of ROSV and LFLU
in half doses significantly increased GSH content
in arthritic animals (Fig. 5C).

3.7R0OSV and/or LFLU Decrease Paw
Size in Arthritic Animals

Administration of CFA significantly induced paw
in joint tissue as compared to control (Fig. 6).
However, paw size was highly reduced in arthritic
animals treated with either ROSV or LFLU (Fig.
6). Concomitant use of ROSV and LFLU in half
doses significantly reduced paw size in arthritic
animals (Fig. 6).
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3.8 ROSV and/or LFLU Improved the
Histopathological Alterations Induced
by CFA in Joint Tissue

In contrast to control (Fig. 7A, 7B), treatment of
rats with CFA significantly induced acanthosis in
the epidermal layer associated with massive
infiltration of inflammatory cells and aggregation
in the subcutaneous tissue as well as the
musculature (Fig. 7C and 7D). Interestingly, no
histopathological alteration in the skin layers,
subcutaneous tissue and musculature (Fig. 7E)
was detected in arthritic rats treated with ROSV.
Only mild degeneration was detected in the
articular cartilaginous surface (Fig. 7F). Also, no
histopathological alteration was detected in the
skin layers, subcutaneous tissue, musculature
(Fig. 7G), articular cartilaginous surface and
synovial membrane (Fig. 7H) in arthritic animals
treated with LFLU. Most importantly, only little
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Fig. 5. Effect of ROSV and/or LFLU on MDA and GSH content as well as SOD activity in
experimental model of RA induced by CFA
MDA (A) and SOD activity (B) as well as GSH content (C) in joint tissue of animals treated with with either vehicle
(-) or CFA (0.4ml Complete Fruends Adjuvant S.C in right hind paw) or CFA+ROSV (10 mg/kg/day) or
CFA+LFLU (10 mg/kg/day) or CFA+(ROSVand LFLU in half doses) were determined. Data represent means +

S.D. (n=8),

***p < 0.001 versus control, ### p < 0.001, versus CFA alone-treated animals
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Fig. 6. Effect of ROSV and/or LFLU on the size of right paw in experimental model of RA
induced by CFA
Size of paw from animals treated with with either vehicle (-) or CFA (0.4ml Complete Fruends Adjuvant S.C in
right hind paw) or CFA+ROSV (10 mg/kg/day) or CFA+LFLU (10 mg/kg/day) or CFA+(ROSVand LFLU in half
doses) was measured. Data represent means + S.D. (n=8), *** p < 0.001 versus control, ### p < 0.001 versus
CFA alone-treated animals.

L
ROSV + LFLU

Fig. 7. A. A section of the Paw of rat (control) showing normal histological feature of the skin
(with epidermis and dermis) as well as the underlying subcutaneous tissue and musculature
(H&E 16). B. A section of the Paw of rat (control) showing magnification of (A) to identify
epidermis and dermis with subcutaneous tissue (H&E 40). C. A section of the Paw of arthritic
rat showing epidermal acanthosis with massive infiltration of inflammatory cells in the dermis
and underlying subcutaneous tissue (H&E 16). D. A section of the paw of arthritic rat showing
inflammatory cells aggregation in subcutaneous tissue and extended to the muscular layer
(H&E 16). E. A section of the paw of rat received ROSV showing normal histological structure
of the skin layers, subcutaneous tissue and musculature (H&E 16). F. A section of the paw of
rat received ROSV showing mild degeneration and mild atrophy in the articular cartilaginous
surface (H&E 16). G. A section of the paw of rat received LFLU showing normal histological
structure of the skin layers, subcutaneous tissue and musculature (H&E 16). H. A section of
the paw of rat received LFLU showing normal histological feature of articular cartilaginous
surface and synovial membrane (H&E 16). I. A section of the paw of rat received ROSV+ LFLU
in half doses showing little hyperkeratosis and mild acanthosis in the epidermis with few
infiltration of inflammatory cells in the deep dermis, subcutaneous tissue and musculature
(H&E 16). J. A section of the paw of rat received ROSV+ LFLU in half doses showing little
degeneration in the articular cartilaginous surface (H&E 16)
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hperkeratosis and mild acanthosis in the
epidermis associated with few inflammatory cells
infiltration in the deep dermis, subcutaneous
tissue and musculature (Fig. 71) as well as few
degeneration in the cartilaginous articular surface
(Fig. 7J) were detected in arthritic animals
treated with both ROSV and LFLU in half doses.

4. DISCUSSION

Management of RA is a major health problem {ill
now. The use of classical drugs in treatment of
RA is limited due to their low safety. Therefore, it
was interesting to find a new drug with high
ability against inflammation and more safe. In the
present study, CFA-induced rheumatoid arthritis
model was used as it shares the human disease
in various signs and symptoms [30]. In this study,
induction of rheumatoid arthritis with CFA was
found to be associated with a clear reduction in
PPAR-a expression. Interestingly, treatment of
rats with either ROSV or LFLU (standard
DMARD) significantly induced PPAR-a
expression in joint tissue of arthritic animals.
Most importantly, concomitant administration of
ROSV and LFLU in half doses significantly
induced PPAR-[| expression. This agree with
previous study reported that ROSV has anti-
inflammatory activity in PPARs-dependent
manner [14]. Also, it has been shown that ROSV
upregulates the expression of PPAR-a in vitro
[31]. Interestingly, this increase in PPAR-[]
expression was associated with a significant
reduction in NF-kB expression in arthritic animals
treated with either ROSV or LFLU. These data
are in line with previous study demonstrated that
the antiinflammatory characters of ROSV may be
attributed to its ability to inhibit NF-xB activity [4].
Most importantly, concomitant use of ROSV and
LFLU in half doses significantly reduced NF-1B
expression which plays an important role in the
transcription of proinflammatory cytokines,
MMPs, and iNOS [5]. Previously, it has been
reported that the anti-inflammatory activity of
statin may be attributed to its ability to inhibit
iINOS expression [32,33]. In line with this study,
iINOS expression was significantly reduced in
arthritic animals treated with either ROSV or
LFLU. Interestingly, concomitant use of ROSV
and LFLU in half doses significantly inhibited
iINOS expression in joint tissue of arthritic
animals indicating that ROSV as well as LFLU
has the ability to exert cells protection against
CFA-induced nitrosative stress via inhibition of
iINOS expression and subsequent reduction in
NO level. Furthermore, the expression of MMP-9
and MMP-2 were highly induced in joint tissue of

arthritic animals. In harmony with previous
findings [34,35], treatment of arthritic rats with
ROSV significantly reduced the expression of
MMP-9 and MMP-2 in joint tissue. Also, LFLU
administration significantly  reduced the
expression of MMP-9 and MMP-2 in arthritic
animals. Importantly, administration of ROSV in
combination with LFLU in half doses significantly
reduced the expression of MMP-9 and MMP-2 in
arthritic rats. Previously, it has been shown that
TNF-o plays an important role in rheumatoid
synovitis [36]. In the present findings, the serum
level of TNF-a was highly increased in arthritic
animals. Interestingly, TNF-o. level was highly
decreased in arthritic animals treated with either
ROSYV or LFLU. Similar findings were obtained in
other studies [37,38]. Most importantly,
concomitant use of ROSV and LFLU in half
doses significantly decreased the TNF-a level.
Also, IL-6 has been shown to display pro-
inflammatory characters that are thought to be
involved in the pathogenesis of RA [39]. The
present work demonstrates that IL-6 level in
serum of arthritic animals was highly increased.
In agreement with other findings [35,40,41],
administration of ROSV significantly decreased
the serum IL-6 level in arthritic animals. The
serum level of IL-6 was also decreased in
arthritic rats treated with LFLU. Interestingly,
concomitant use of ROSV and LFLU in half
doses significantly decreased the serum IL-6
level in arthritic animals. The connection between
oxidative stress and chronic inflammation is well
known [42]. Oxidative stress is a condition in
which the level of reactive oxygen species (ROS)
increases overtime either by an increase in their
production, decrease in the endogenous
antioxidants and/or the combination of both [43].
Lipid peroxidation usually affects cell integrity
[44]. The increase in the by-product of lipid
peroxidation MDA in joint tissue of arthritic rats
may reflect the oxidative stress. The present
work shows that the by-product of lipid
peroxidation MDA was highly increased in joint
tissue of arthritic animals. Interestingly,
administration of either ROSV or LFLU
significantly reduced lipid peroxidation in joint
tissue of arthritic animals. Most importantly,
concomitant use of ROSV and LFLU in half
doses significantly reduced lipid peroxidation in
joint tissue of arthritic animals. These data are in
line with previous finding demonstrated that
ROSV has the ability to inhibit lipid peroxidation
induced by piroxicam in gastric, liver, and kidney
tissues [45]. Furthermore, SOD activity in arthritic
animals was significantly reduced. In line with
previous findings [46,47], administration of either
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ROSV or LFLU significantly increased SOD
activity in arthritic group. Most interestingly,
concomitant use of ROSV and LFLU in half
doses significantly increased SOD activity in
arthritic rats. Also, GSH content in joint tissue of
arthritic  animals  was  highly  reduced.
Interestingly, treatment of arthritic rats with either
ROSV or LFLU significantly increased the GSH
content in joint tissue of arthritic rats. These data
are in agreement with previous findings [35,48].
Most importantly, concomitant use of ROSV and
LFLU in half doses significantly increased GSH
content in arthritic rats indicating that ROSV as
well as LFLU has the ability to restore the
antioxidant capacity in joint tissue of arthritic
animals via enhancement of GSH content and
SOD activity resulting in a great protection
against oxidative stress induced by CFA.
Furthermore, the present study shows that
treatment of animals with CFA significantly
induced paw in joint tissue compared with
control. Importantly, paw size was significantly
reduced in arthritic animals treated with either
ROSV or LFLU. Most interestingly, concomitant
use of ROSV and LFLU in half doses significantly
reduced paw size in arthritic rats. Moreover,
administration of either ROSV or LFLU as well as
concomitant use of ROSV and LFLU in half
doses significantly improved histopathological
alteration in joint tissue of arthritic animals.

5. CONCLUSION

Our findings demonstrate that administration of
either ROSV or LFLU or ROSV+LFLU (in half
doses) inhibits RA in experimental model
induced by CFA via induction of PPAR-a and
subsequent inhibition of NF-kB resulting in a
clear reduction in the inflammatory mediators (IL-
6, TNF-a) and the matrix metalloproteinases
(MMP-9, MMP-2) as well as iINOS expression
(Fig. 8). Furthermore, oxidative stress was highly
reduced in arthritic animals treated with either
ROSV or LFLU or ROSV+LFLU (in half doses)
as indicated by an increase in the endogenous
antioxidants (SOD, GSH) and a clear reduction in
the byproduct of lipid peroxidation MDA (Fig. 8).
Taken together, this reduction in the
inflammatory mediators and the balance between
ROS production and the endogenous antioxidant
defense system that was restored in joint tissues
by either ROSV or LFLU or ROSV+LFLU (in half
doses) are translated into a clear reduction in the
size of right paw and improvement in the
histopathological changes in arthritic animals.
Finally, these data may support the concept of
using the PPAR-a agonist ROSV as a valuable
adjuvant in RA therapy. Furthermore, the use of
both drugs (ROSV+LFLU) in half doses
to manage RA may give similar effects that are
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Fig. 8. Schematic summary demonstrating the modulatory effect of either ROSV and/or LFLU
on CFA-induced RA in experimental model
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usually obtained with the full doses and reduces
the side effects that are usually caused by the full
doses of these drugs. Further clinical studies are
warranted to examine such an effect in human
subjects.
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