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Abstract

Background and purpose: Osteoarthritis (OA) is a chronic and progressive joint disorder characterized by structural damage to

one or more joints. However, drugs that could cure or at least stop the progression of this disease are still given no satisfactory

outcome. The purpose of this work is to study the potential OA disease-modifying effects of atorvastatin in an experimental

model of osteoarthritis and the possible underlining mechanisms if any. Experimental Approach: Seventy-six adult male

Sprague-Dawley rats (250-300gms) were used throughout this study. Forty rats were used to assess the effect of atorvastatin in

surgically induced OA. While 36 rats were used to assess its anti-inflammatory effect in carrageenan-induced paw edema. In the

model of OA; the degree of joint stiffness was assessed by measuring the angle of knee extension besides, the histopathological

changes of the OA knee joints and measurement of serum Interleukin-1beta (IL-1β), Matrix metalloproteinase-13 (MMP13),

and reduced glutathione (GSH) concentration were biochemically assessed. In the carrageenan-induced paw edema, the paw

thickness and pain threshold were assessed in different groups. Key Results: Atorvastatin was found to produce significant

improvement of joint stiffness, the histopathological changes, a significant correction in the increased MMP13 and IL1-β, and

the decreased GTH in OA rats. Also, atorvastatin showed a significant improvement in both paw thickness and pain threshold.

Conclusion and Implications These results present atorvastatin as OA disease-modifying drug worse clinical trials.
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Abstract

Background and purpose : Osteoarthritis (OA) is a chronic and progressive joint disorder characterized by
structural damage to one or more joints. However, drugs that could cure or at least stop the progression
of this disease are still given no satisfactory outcome. The purpose of this work is to study the potential
OA disease-modifying effects of atorvastatin in an experimental model of osteoarthritis and the possible
underlining mechanisms if any. Experimental Approach : Seventy-six adult male Sprague-Dawley rats (250-
300gms) were used throughout this study. Forty rats were used to assess the effect of atorvastatin in
surgically induced OA. While 36 rats were used to assess its anti-inflammatory effect in carrageenan-induced
paw edema. In the model of OA; the degree of joint stiffness was assessed by measuring the angle of knee
extension besides, the histopathological changes of the OA knee joints and measurement of serum Interleukin-
1beta (IL-1β), Matrix metalloproteinase-13 (MMP13), and reduced glutathione (GSH) concentration were
biochemically assessed. In the carrageenan-induced paw edema, the paw thickness and pain threshold were
assessed in different groups.

Key Results: Atorvastatin was found to produce significant improvement of joint stiffness, the histopatho-
logical changes, a significant correction in the increased MMP13 and IL1-β, and the decreased GTH in OA
rats. Also, atorvastatin showed a significant improvement in both paw thickness and pain threshold.

Conclusion and Implications: These results present atorvastatin as OA disease-modifying drug worse clinical
trials.

Keywords: atorvastatin; carrageenan; IL1-β· MMP13; osteoarthritis; paw edema

Introduction

Osteoarthritis is a progressive joint disease affecting all joint structures. It is estimated to be the fourth
leading cause of joint disability worldwide in addition to the high socioeconomic costs in all countries (Johnson
and Hunter, 2014). Most available drug therapy can relieve symptoms of OA successfully but drugs that
could cure or slow down the progress of the disease called disease-modifying osteoarthritic drugs (DMOAD)
still do not produce a satisfactory outcome and considerable conflict and controversy about their effects
and tolerability are present (Rovati et al., 2012). Therefore, the development of a new DMOAD is highly
recommended.
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. Statins, inhibitors of 3-Hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, have been commonly
used in cardiovascular diseases. In addition to the ability of statins to decrease cholesterol synthesis, statins
have beneficial effects in various disease conditions, mediated through its cholesterol independent pleiotropic
effects such as anti-inflammatory, antioxidant properties, and its attenuating tendency to affect a broad
range of MMPs (Ghaisas et al., 2010). These properties make statins a possible candidate to be tried as
DMOAD.

The present study aims to investigate the potential OA disease-modifying effect of atorvastatin and compares
its effectiveness a previously used drug, glucosamine in an experimental model of OA and to provide a piece
of direct experimental evidence for its possible underlying mechanism of‘ action by assessing MMP3, IL1-
β, reduced glutathione in addition to the detection of its possible anti-nociceptive and anti-inflammatory
effects.

Materials and Methods

Drugs and chemicals

Atorvastatin (tablets 10mg EIPICO), Glucosamine sulfate (capsules 500mg, EMA pharm), Indomethacin
(capsules 25mg, Aspen pharma), Carrageenan raw material powder, Sigma Aldrich.

Experimental animals

Sixty-two adult male Sprague-Dawley rats (250-300 gm) obtained from Mansoura experimental Research
Center (MERC) and were utilized in this study. They were put in similar optimum housing conditions
with free access to food and water. Animals were kept in cages (4 rats/cage) at a room with a controlled
temperature of 26°C and on a 12-h light-dark cycle. The institutional research board (IRB), Faculty of
Medicine, Mansoura University animal ethics committee has approved all the experimental procedures under
approval no (MS/17.08.76). Two experimental models were conducted: surgical induced OA and carrageenan-
induced paw edema model.

Surgical induction of OA

Thirty-two rats were used. The surgical induction of OA was conducted on 24 rats according to (Janusz et
al., 2002), while the remaining 8 rats served as the SHAM control group.

Experimental designThe rats were divided into 4 groups; the Sham non-OA group received saline; OA
non-treated group received saline. Glucosamine treated OA group: received glucosamine sulfate solution at
a dose of 250 mg /kg/ day (Wen et al., 2010). Atorvastatin treated OA group: given atorvastatin solution
10 mg/kg daily (Pathak et al., 2015a). All drugs are given by oral gavage daily from 1st day of surgery for
six weeks.

Joint stiffness assessment.

After the scarification of the animals, the left knee of the animals was dissected, and the articular cartilage
was left intact. The maximum extension angle of each knee was measured after the dissection with a zero
degree indicates no stiffness increase value of the angle indicates limited joint movement and points to joint
stiffness. The angle measured not the usual angle that is assumed to be, but it’s a complementary angle
(figure 1). After joint dissection, the joint was put on a paper and the maximum angle was measured by
protractor (Rezende et al., 2006).

Histopathological assessment

The preparation of the knee specimen for the histopathological examination was done according to Schmitz
et al. (Schmitz et al., 2010). Sections of five microns of tissue were cut then stained with hematoxylin and
eosin (H&E) for the examination of cartilage and subchondral bone. Semi-quantitative histological lesions
grading was performed following the scoring system of (Khan et al., 2013).

Biochemical assessment

3
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. Blood was withdrawn from the heart of rats and was separated into 2 tubes; a dry tube for collection of
sera to measure MMP13 and IL-1β and heparinized one for collection of erythrocyte lysate to measure GSH.
Measurement of interleukin1- β using rat Interleukin 1β enzyme-linked immunosorbent assay (ELISA) kit
Bioassay technology laboratory, Catalog No E0119Ra. Measurement of matrix metalloproteinase- 13 using
rat MMP- 13 kit (Eiaab science com, Catalog No E0099r, China). Measurement of GSH by colorimetric
method using a Bio-diagnostic kit (Egypt) (Beutler et al., 1963).

Carrageenan induced paw edema

Thirty rats were used for this model. Induction of paw edema was done by sub-plantar injection of car-
rageenan in the right hind limb of the 24 rats while 6 non injected rats serve as control normal. The animals
were pretreated by oral gavage of the drugs, 1h before carrageenan injection. Then, the rats received 0.1
ml of a 1% (w/v) suspension of carrageenan in the sub-plantar surface of the right hind paw (Winter et al.,
1962).

Experimental design

The control normal group received 0.5ml saline orally before sub-plantar injection of 0.1 ml of saline. Control
carrageenan-treated group rats pretreated with 0.5ml saline by gavage before sub-plantar injection of 0.1
ml of 1% carrageenan dissolved in saline (Winter et al., 1962). Indomethacin-pretreated group received
an indomethacin solution at a dose of 10 mg/kg, served as a standard drug group (Sadeghi et al., 2013).
Glucosamine pretreated group received glucosamine sulfate solution by oral gavage at a dose of 250 mg/kg
(Singh et al., 2007). The atorvastatin-pretreated group received atorvastatin at a dose of 10 mg/kg (Ghaisas
et al., 2010).

Recording of paw thickness:

The paw thickness was recorded from the ventral to the dorsal surfaces using a dial thickness gauge flat
contact point 0-10mm tester leather measuring tool (weldingstop,china) at 1, 2, 3, 4 h, and 24h after
carrageenan injection (Solanki et al., 2015).

Recording of pain threshold:

Carrageenan-induced hyperalgesia was assessed using an analgesimeter (Ugo Basile, Comerio, Italy) which
was composed of a cone-shaped paw-pressor with a rounded tip that was used to apply linear increasing
force to test paw at the metacarpal level of right dorsal surface oh hind paw. The nociceptive threshold was
taken as the point at which the rat vocalized or struggled vigorously, expressed as the force in grams (g).
The nociceptive threshold (g) was recorded at 1, 2, 3, 4 h, and 24h after carrageenan injection (Marius et
al., 2018).

Statistical Analysis

The results were statistically analyzed using the Statistical Package for Social Science (SPSS) program. The
parametric results were expressed as Mean ± SD. One-way analysis of variance (ANOVA) followed by post
hoc Tukey’s multiple comparisons was used for statistical analysis between groups. Kruskal Wallis test was
used for comparison of means of more than two different groups of non-parametric data followed by post-
hoc Dunne’s test, data were presented as median & range (minimum-maximum). For all above mentioned
statistical tests done, the threshold of significance is fixed at 5% level (p-value) or less.

1. Results
2. Model of OA:
3. Assessment of degree of joint stiffness by recording the maximum angle of knee extension

in different groups :

Surgical induction of OA in rats produced a statistically significant increase in the maximum angle of
knee extension compared to the control normal rats. Glucosamine and atorvastatin showed a statistically

4
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. significant correction of the increased maximum angle of knee extension found in the non treated OA group.
Atorvastatin treated OA group is significantly less than the glucosamine treated OA group, (Table 1).

Effect of different drugs on histopathological changes in osteoarthritic rats:

Histopathological examination of the control osteoarthritic rats showed loss of superficial layer, cell death,
hypocellularity, the maximum loss of cellular layers and matrix, erosion and cavitation in the subchondral
bone (figure 2) and showed a significant increase in the histopathological score as compared to control
non-arthritic rats, (Table 1).

The histopathological examination of the glucosamine and atorvastatin treated OA groups showed improve-
ment of osteoarthritic changes as shown in (figure 2), and histological score as compared to the non-treated
OA group, but still significantly higher than the control normal

Εφφεςτς οφ τηε τεστεδ δρυγς ον σερυμ ιντερλευκιν 1-β λεvελ οφ οστεοαρτηριτις ρατς:

Surgical induction of OA in rats produced a significant rise in serum IL1-β compared to the control normal
rats. Glucosamine and atorvastatin treated OA groups showed a statistically significant reduction in the
raised IL1-β noticed in the non-treated OA group( Table1).

Serum matrix metalloproteinase 13 levels in different groups:

Osteoarthritic rats showed a significant increase in serum MMP13 compared to the control non-osteoarthritic
rats. Glucosamine and atorvastatin treated OA groups showed a statistically significant correction of the
increased MMP-13 found in the non-treated OA group. Atorvastatin reduction is significantly less than other
treated groups, (Table1).

Effect of tested drugs on GSH level in osteoarthritic rat groups:

Surgical induction of OA in rats produced a statistically significant decrease in GSH compared to the control
normal rats. Glucosamine and atorvastatin OA treated groups showed a statistically significant correction of
the reduced GSH found in the non-treated OA group. Atorvastatin correction of GSH is significantly higher
than glucosamine treated OA groups, (Table 1).

Assessment of the anti-inflammatory and analgesic effects of tested drugs on an experimental
model of inflammation

Effect on Paw edema

Sub-plantar injection of carrageenan produced a significant increase in paw thickness at 1,2,3,4 and 24 hours
as compared to control normal group (figure 3). Indomethacin, glucosamine, and atorvastatin pretreated
groups showed a statistically significant reduction of increased paw thickness induced by carrageenan starting
from 1sthour then at 2,3,4, and 24 hours compared to the carrageenan treated group (figure 3). Atorvas-
tatin pretreated group showed a statistically more significant reduction of the increased paw thickness than
glucosamine pretreated groups. However, the reduction of the increased paw thickness in glucosamine or
atorvastatin pretreated group significantly less than that produced by indomethacin, (figure 3).

Effect on nociceptive threshold

Sub-plantar injection of carrageenan in rats produced a statistically significant decrease in the nociceptive
threshold at 1, 2, 3, 4, and 24 hours as compared to the control normal group. Indomethacin, glucosamine,
or atorvastatin pretreated groups showed a statistically significant improvement in the reduced nocicep-
tive threshold.The improvement found in the indomethacin pretreated group is significantly more than the
other tested drugs Atorvastatin pretreated group showed a more significant improvement of the decreased
nociceptive threshold than glucosamine treated groups at all-time intervals, (figure 4)

Discussion

Effect of atorvastatin or glucosamine sulfate on osteoarthritic rats :

5
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. The histopathological examination of non-treated OA rats showed several osteoarthritic changes that are
following Bagi et al., 2015; Marino-Martinez et al., 2019. Surgically-induced models of OA largely mimic
the human OA histopathologically (Kuyinu et al., 2016).

Glucosamine treated group showed improvement of histopathological changes that occurred in the non-
treated OA group in agreement with Wen et al., 2010 and Waly et al., 2017. Atorvastatin treated group
showed a significant improvement of the histopathological score with an improved microscopic picture of
the examined knee joint specimens to be almost near normal. These results are in agreement with Pathak,
Lingaraju, et al., 2015 and Gaballah et al., 2015.

A significant increase in the maximum angle of knee extension in the osteoarthritic group, as a sign of joint
stiffness, is in agreement with previous studies (Choi et al., 2015; Phan et al., 2015). The joint stiffness
that occurs in OA mainly results from a chronic inflammatory process that progresses and leads to fibrosis
and then dysfunction of the joint (Kim et al., 2012). Glucosamine and atorvastatin treated groups showed
significant correction of the joint stiffness found in the non-treated osteoarthritic group. This improvement
of the joint stiffness is assumed to be due to their anti-inflammatory effect that reducing the joint fibrosis.

In the present study, surgical induction of OA was associated with a significant increase in IL-1 β in agree-
ment with previous studies by (Wei et al., 2018; Castrogiovanni et al., 2019). IL-1β alters the homeostatic
balance of chondrocytes as it suppresses anabolic activity, and it decreases the expression of type II collagen
and aggrecan and it inhibits glucuronosyltransferase which plays an important role in glycosaminoglycan
biosynthesis. Also, it stimulates articular cartilage breakdown by increasing the expression of MMPs, chon-
drocyte apoptosis, and increasing the production of inflammatory mediators and reactive oxygen species
(ROS)(Kapoor et al., 2011; Mobasheri and Batt, 2016).

The increase in IL-1β in OA rats was associated with a significant increase in serum level of MMP-13 following
Ali et al., 2017; Castrogiovanni et al., 2019. Under normal conditions, there is a dynamic equilibrium between
the synthesis and the degradation of the extracellular matrix component in osteoarthritic states, a disruption
of matrix equilibrium leads to apoptosis of chondrocytes and cartilage degradation (Maldonado and Nam,
2013). MMPs are the most important proteinases responsible for extracellular matrix degradation. MMPs
are activated by abnormal environmental insults, including high-magnitude mechanical stress, inflammatory
mediators (Shiomi et al., 2010).

The increase of IL-1β following the induction of OA was significantly reduced by glucosamine. This finding
was in line with Shahine & Elhadidi, 2014. Glucosamine is assumed to decrease the serum level of IL-1β as
it decreases interleukin 1-induced gene expression (Rovati et al., 2012). Glucosamine also limited the rise of
MMP-13 produced by the induction of OA. This effect is in agreement with studies of (Rovati et al., 2012;
Gibson et al., 2014).

Atorvastatin treated group in this study showed a significant reduction in the rise of IL-1 β in agreement
with Barsante et al., 2005; Simopoulou et al., 2010. This decrease in IL-1 β level with atorvastatin is
due to inhibition of production of isoprenoid derivatives that results in inhibition of NF-κB that regulates
transcription of many inflammatory mediators including the IL-1 β and mutagenic signaling pathway (Baker
et al., 2011).

Administration of atorvastatin to OA rats showed a significant reduction in the rise of MMP-13. Simopoulou
et al., 2010 suggested that atorvastatin may have possible chondroprotective effects, mainly by decreasing
cartilage degradation protein MMP13. Pathak et al., 2015b noticed that atorvastatin significantly inhibited
the IL-1β-induced increased production of MMP-13 in an in-vitro OA model.

The effect of statins on MMPs may be due to inhibition of mevalonate synthesis which in turn plays an
essential role in the regulation of several cellular mechanisms, including cytoskeletal dynamics and endo-
cytic/exocytic transport. They are involved in MMP secretion, as well as transcription and synthesis of
inflammatory cytokines and reactive oxygen species (Kavalipati et al., 2015).

Levels of reduced GSH in the erythrocyte lysate of osteoarthritic rats were reduced suggesting increased

6
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. oxidative stress following Cifuentes et al., 2010; Regan et al., 2008. Increased ROS in OA is mainly associated
with the reduction of the cartilage mass due to both inhibiting synthesis of cartilage matrix and inducing
cartilage matrix breakdown (Henrotin et al., 2005). The glucosamine treated group in this study showed a
significant elevation of the reduced GSH. Glucosamine was shown to possess antioxidant capacity (Katoh et
al., 2017; Dai et al., 2018).

Atorvastatin treated group in this study showed a significant elevation of the decreased GSH. A similar
antioxidant effect of atorvastatin has been reported by Pathak, Balaganur, et al., 2015 and Gaballah et al.,
2015, who noticed that the GSH levels were restored to the normal by atorvastatin in an experimental model
of osteoarthritis. The antioxidant effect of atorvastatin could be due to either increased biosynthesis of GSH
or reduced oxidative stress. A recent study by (Hosseinzadeh et al., 2019) declared that atorvastatin enhanced
the mRNA expression of antioxidant enzymes including glutathione peroxidase in cultured chondrocytes.
Atorvastatin mitigated the production of ROS by endothelial cells by inhibiting NADPH oxidase activity
via Rho-dependent mechanisms. Moreover, atorvastatin binds to erythrocyte membrane phospholipids or to
lipoprotein fractions to prevent the diffusion of free radicals generated under oxidative stress (Bellosta et al.,
2000).

Direct assessment of the anti-inflammatory and analgesic effects: It was found that sub-plantar
injection of carrageenan produced a significant increase in paw thickness measured after 1, 2, 3, 4, 24h. These
results came in agreement with Sadeghi et al., 2014 and Antonisamy et al., 2017. The carrageenan-treated
group also showed a significant decrease in the nociceptive threshold that was parallel with Kuedo et al.,
2016; Marius et al., 2018. The indomethacin treated group showed a significant reduction of the increased
paw thickness produced by carrageenan in agreement with Uzkeser et al., 2012 and Okhuarobo and Ozolua,
2017. It also showed a significant analgesic effect in agreement with Kuedo et al., 2016; Uzkeser et al., 2012.
Indomethacin was used in the present study as a well-known analgesic anti-inflammatory standard drug to
which the tested drugs are compared.

Glucosamine pretreated group showed a significant reduction in the increased paw edema. Setnikar et al.,
1991 showed that glucosamine protected against the edema provoked by carrageenan, In contrast, Singh
et al., 2007 noticed that glucosamine caused a non-significant decrease of paw edema after carrageenan
injection. Glucosamine produced a significant correction of carrageenan-induced hyper nociceptive response
in parallel to Wen et al., 2010. Antinociceptive effect of glucosamine may be due to its anti-inflammatory
effect; suppressing the raised IL-1, ROS, and neutrophil functions.

Atorvastatin pretreated group produced a significant reduction of carrageenan-induced paw edema following
Jaiswal and Sontakke, 2012. atorvastatin treated group showed significant inhibition of the hyper nociceptive
response following Santodomingo-Garzon et al., 2006 and Kamel et al., 2016

Atorvastatin inhibition of carrageenan-induced rat paw edema may be due to inhibition of prostaglandins
and other inflammatory mediators such as IFN- γ, TNF-α, IL-1, and IL-6. Atorvastatin inhibits leukocyte-
endothelial adhesion, reduces the levels of inducible nitric oxide synthase and inhibits the production of
monocyte chemotactic protein-1. These anti-inflammatory effects are due to the inhibition of NF-kB that
regulates the transcription of many inflammatory mediators and mutagenic signaling pathways (Baker et
al., 2011). Statins also activate anti-inflammatory transcription factors known as peroxisome proliferator-
activated receptors (PPARs) that interfere with NF-kB transcriptional activity (Cernuda-Morollón et al.,
2002). Moreover, atorvastatin pretreatment showed correction of carrageenan-induced hyper nociception
by inhibiting the production of proinflammatory mediators and deceased PGE2 sensitization action on
nociceptors (Santodomingo-Garzon et al., 2006).

The pleiotropic effects of atorvastatin; including anti-inflammatory, analgesic, anti-catabolic, and antioxidant
effects are assumed to have a beneficial role in the improvement of OA. The measurement of IL-1b and
mmp-13 were performed to assess the anti-inflammatory and anticatabolic effects of atorvastatin. Besides,
GSH assessment is used to detect the antioxidant effect of atorvastatin. Inflammation, oxidative stress are
claimed to have a role in the catabolic state that occurs in OA. These pleiotropic effects are assumed to
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. have a beneficial role in the improvement of OA. Also, it is reported that the expression of genes regulating
cholesterol efflux is impaired in human OA chondrocytes, resulting in a toxic accumulation of lipid droplets
in the chondrocyte that has a critical role in the development of OA (Tsezou et al., 2010). Atorvastatin has
an anti-atheromatous effect that reduces structural deterioration of OA joints by improving the blood flow as
the reduced blood flow in the small vessels in the subchondral bone may deteriorate the cartilage homeostasis
and cause OA changes (Hoeven et al., 2013). Besides, atorvastatin is assumed to have an anabolic effect that
is protective against cartilage damage (Karasawa, 2010). Atorvastatin may also inhibit osteoclasts activation
by preventing mevalonate production, which leads to the loss of prenylation of small Ras and Rho GTPases
and, consequently, disruption of downstream intracellular signaling pathways in osteoclasts (Hughes et al.,
2007).

Conclusion :

The present study could present atorvastatin as a new useful potential DMOAD worse clinical trial for the
treatment of OA. Accordingly, atorvastatin may be a promising DMOAD for treatment of OA especially in
elderly patients suffering from hyperlipidemia, atherosclerosis.

Limitation of the studyOther markers which are assumed to be involved in the pathogenesis of OA have to
be assessed. An assessment of other statins as a drug group has similar effects on OA like atorvastatin or not.
Investigate the significance of atorvastatin cholesterol-lowering and anti-atheromatous action in correction
subchondral bone ischemia. Also, an electron microscope examination of the affected joints may be of value
to get a more precise evaluation.
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. Table (1): maximum angle of extension, histopathological score, and biochemical changes in
different OA groups.

Animal groups Maximum angle of knee extension (degree) Histopathological score Σερυμ ΙΛ1-β (νγ/μλ) Serum MMP13 (pg/ml) GSH(mg/dl)

Control non-osteoarthritic group 22(20-25) 0 ± 0 0.26±0.02 6.3 ± 0.50 14.86 ± 0.58
Non-treated OA group 55(50-60) # 10.97 ± 1.13# 0.77 ± 0.08# 20.39 ±0.86# 6.86 ± 0.37 #

Glucosamine treated OA group 31(26-34) #*$ 3.9 ± 0.52#* 0.30 ± 0.03#*$ 9.27 ± 0.84#$* 11.30 ± 0.32#*

Atorvastatin treated OA group 29(26-32) #*$ 1.66 ± 0.57#*$ 0.46± 0.09#*$ 7.3±0.50#$* 11.98 ± 0.37#*$

Data are presented as means ± SD, n=8 rats in all except the maximum angle of knee extension presented
as median (range).

Significant at (p< 0.05).

# Significance versus control normal group.

* Significance versus osteoarthritic group.

$ Significance versus glucosamine treated group.

Figure legends

Figure (1) Maximum angle of knee extension with zero degree represent as the maximum possible
extension (Rezende et al., 2006)

Figure (2) : The histopathological findings of different groups. I : Non-osteoarthritic group showing
articular cartilage (AC) with its smooth surface (arrow). The chondrocytes appear in the matrix (curved
arrow). Subchondral bone (B) and bone marrow (BM) are seen, allocated Grade-0. IIa : OA group showing
marked erosion of articular cartilage surface with marked matrix loss (arrow), decreased number and size
of chondrocytes with some cell death (curved arrow) and some cavities in the subchondral bone (asterisk),
allocated Grade-4. IIb : OA group showing irregular surface (arrow), disorientation of chondrocytes with
some cell death (arrowhead) and presence of multiple cavities (asterisk), allocated grade 3.III : Glucosamine
treated OA group: Showing discontinuous superficial layer of articular cartilage (arrow), increase in the
number of chondrocytes, with cluster formation (arrowhead), some cell death (asterisk), matrix loss (tailed
arrow) and increase in cartilage thickness, allocated Grade-2 (Group 3, H & E X 400). IV : diacerein
treated OA group showing an irregular surface of articular cartilage (arrow), increase in the number of
chondrocytes, disturbed morphology with cluster formation (arrowhead), some cell death (asterisk) and
increase the cartilage thickness, allocated Grade-2.V : atorvastatin treated OA group showing a nearly
smooth surface of articular cartilage (arrow), a slight increase in the number of chondrocytes with the
initiation of cluster formation, condensation of cells in the superficial layer (arrowhead) and increase the
cartilage thickness, allocated Grade-1. (H&E, X400).

Figure (3): Effect of different drugs on paw thickness using carrageenan induced paw edema
test.

Data are presented as means ± SD.

Significant at (p< 0.05).

# Significance versus control normal group.

* Significance versus Carrageenan treated group.

Significance versus indomethacin +

pretreated group.
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. $ Significance versus glucosamine pretreated group.

Figure 4: Effect of atorvastatin, diacerein or glucosamine sulfate on nociceptive threshold
using carrageenan induced hyperalgesia test.

Data are presented as means ± SD.

Significant (p< 0.05).

# Significance versus control normal group.

* Significance versus Carrageenan treated group.

Significance versus indomethacin treated group.

$ Significance versus glucosamine treated group.
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