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Comparison of Chondroprotective Efficacy of Hyaluronic Acid and Piroxicam in
Murine Model of Osteoarthritis

Noaman Ishaq,' Maryam Saqib,’ Zari Salahuddin,’ Shahzad Gul,' Nausheen Ata,” Zainab Rahman’

Abstract

Objective: To evaluate and compare the chondroprotective efficacy of hyaluronic acid and piroxicam in
murine model of osteoarthritis.

Method: Study was carried out at Pharmacology Department, Army Medical College (AMC), Rawalpindi.
Duration of this study was from May to July 2019 Osteoarthritis was induced by medial meniscus and anterior
cruciate ligament resection of right knee joints in twenty-four rats. They were divided in three groups. Group
A, B and C were treated with intra articular saline, hyaluronic acid and piroxicam once weekly for four weeks
respectively and then gait pattern was scored. Animals were sacrificed thereafter and samples were collected
for histopathology.

Results: Comparison of gait score of A, B and C groups exhibited a p value of <0.01. while, comparison of
gait of group A and B, group A and C and group B and C depicted p value of <0.001, <0.001and 0.771 respectively.
Likewise, collective histopathological analysis of control, piroxicam and triamcinolone groups showed p value
0f<0.01. While Intergroup histopathological comparison of group A and B, group A and C and group B and C
showed p value 0f<0.001,<0.001 and 0.239 respectively.

Conclusion: Intra articular administration of hyaluronic acid and piroxicam exhibited parallel chondroprotective
efficacy in murine models.
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Introduction

Osteoarthrosis, a less common name of Osteoar-
thritis (OA) is a pandemic chronic joint ailment
with 30 million patients worldwide. It is a complex joint
disease in which old age and female gender are major
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risk factors having strong association with metabolic
syndrome and obesity." Interleukin-1B, tumor necrosis
factor a and interleukin-6 are the molecular markers
that contribute to expansion of bone deformity, joint
space narrowing and development of osteophytes in
OA.* It is one of unfortunate diseases whom complete
cure isunderdevelopment. However different non pharma-
cological (lifestyle and dietary habits modifications),
pharmacological (Viscosupplements substances, Non-
steroidal anti-inflammatory drugs (NSAIDs) and corti-
costeroids) and surgical (osteotomy, arthroscopy, and
joint replacement) techniques are available to manage
this disease.**

Hyaluronic acid (HA), a viscosupplement, a ubiquiti-
nous molecule consisting of long chain of D glucuronic
acid and D acetyl glucosamine is major constituent of
synovial fluid. Endogenous HA through its mechanical
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and viscoelastic properties provide joint lubrication
and allow them to move a wide range of movement.’
HA comes in the list of prevalent investigational sub-
stance in the drug management of OA. Nowadays it is
common practice to use it through Intra articular (IA)
route. Viscosupplementation of diseased joints with HA
produces constructive outcome to relieve pain that ulti-
mately plays role in improvement of joint function.
Numerous researches illustrated chondroprotection
offered by exogenous HA alongside with its positive
clinical results. Several physiological responses of HA
actually lead employs its clinical regenerative effects.
These mechanisms include stimulation of endogenous
proteoglycan and glycosaminoglycan synthesis, anti-
inflammatory effect due to reduce synthesis of mediators
and viscoelasticity maintenance. It also has a distinct
effect on pro-inflammatory markers comprising cyto-
kines, leukotrienes, prostaglandins and proteases. HA
also exhibits antioxidant effects promoting articular
chondrocytes protection against the harm induced by
oxygen-derived free radicals.” Piroxicam (PIRO),
belongs to oxicam group of NSAIDs, is non selective
cyclooxygenase (COX) inhibitor. It is one of the NSAIDs
used frequently in management of OA.’ Repeated oral
administrations have serious adverse profile including
gastroduodenal bleeding and renal disorder.” To avoid
untoward effects of oral route, targeted 1A therapy of
PIRO is common practice when expertise of [A drug
administration are available. PIRO has advantageous
consequences on cartilage destruction through its hind-
rance of prostaglandins E2 (PGE2) synthesis which
eventually results in reduced proteoglycan component
in cartilage."

There is presently no definitive cure for OA. HA, PIRO,
and a variety of other medications are experimental
and are administered to alleviate symptoms and slow
the progression of'illness. The goal of this experiment
is to assess the chondroprotection afforded by HA and
PIRO in an OA murine model and determine the medi-
cine with the best chondroprotective effectiveness.
Results of this animal study can be beneficial clinically
for OA patients as we have more knowledge about effi-
cacy of chondroprotection between these two drugs.

Material and Method

Laboratory based experimental study was the study
design of'this project. Center of the study was Pharma-
cology Department, Army Medical College (AMC),

Rawalpindi. We got alliance from National Institute
of Health (NIH), Islamabad for animal keeping. Ethical
review committee “CREAM”, AMC reviewed this
project before releasing approval. Period of rat’s inter-
vention was two months from May to July 2019. Through
non probability convenient sampling Twenty-four (24)
adult Sprague Dawley rats, approximately of about
+500 grams were selected. Animals were separated in
03 groups with 08 in each one. Control group, HA group
and PIRO group were the respective label of Group A,
B and C. Standard laboratory conditions with optimum
room temperature and 24 hours day/night cycle was
maintained. Clean tap water for drinking and rodent
chow ad libitum was provided to rats during the complete
tenure of study. Right knee joint of all rats was selected
for OA induction through surgical trauma. Mixture of
5% xylazine and 1% ketamine was intraperitoneally
administered to anesthetize rats for surgery." Joint skin
was shaved and disinfected stalked by medial para
patellar incision for full joint exposure. Dissections of
cruciate ligament and menisci of medial side were per-
formed following the standard protocol. Aseptic wound
closure was done after the completion of procedure.
Rats were conceded to move freely in their cages fora
period of two weeks thereafter. Later on drugs through
IA route were injected within OA induced knees of the
rats. The rat model of control, HA and PIRO groups
were administered with 100 microliter of 0.9% saline,
100 microliter of HA and 70 microliter PIRO once
weekly for 04 weeks.'™" Gait score was analyzed one
week after the drug administration." After gait pattern
scoring, rats were sacrificed by putting them in a desi-
ccator full up of chloroform. Samples of distal femur
were collected by availing angled bone cutter."* Histo-
logical slides was prepared by using standard technique
and scored according to Modified Mankin score of histo-
pathology. By utilizing IBM SPSS version 23, statistical
analysis of the results was carried out. Analysis of
variance (ANOVA) and Post hoc tukey tests were used
to compare the Gait score with the Modified Mankin
score. Probability (p) value of <0.05 was the cut off
value to determine the significance of results.

Results

One week post last dose; gait patterns of the rats were
gauged by gross observations. A full length A2 (42x60cm)
size blank white paper was placed on a smooth flat sur-
face for each individual and the hind paws of each rat
was heavily tainted with ink. To ensure their complete
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walk progression from one border of the paper to another,
a food treat was placed at the destination to allure them.
This practice was aimed to compare the drug treated
right leg and untreated control i.e. left leg. Amongst
the eight rats of untreated control group, three rats scored
04, other four scored 03 and the last one scored 01.
Their mean sums up to 3.25+0.707. On the contrary,
amongst the eight rats of Hyaluronic acid (HA) group
four rats notched 04, two rats scored 02, and two rats
scored Zero. Their mean value came out to be 1.00+
0.756. In the interim the gait patterns of PIRO adminis-
trated group of one failed to notch up any score with a
zero, four rats scored 01 and last three rats scored 02.
Mean score of this group was 1.25+0.707. For evidential
provision a detailed statistical scrutiny was done via
ANOVA to carry out comparisons between the gait
score of normal versus the drug treated groups. The p
value between control and drug administered groups
held a significant value as it turned out be <0.01, these
results authenticates the chondroprotective efficacy
of HA and PIRO. Further elaboration of inter drug group
comparisons via Post Hoc Tuckey test was applied as
detailed in Table 02.

X300 microscope lens were used to histopathological
scoring of slides Modified Mankins scoring system
was applied headed for the histopathological variations
under both development and treatment of OA.

Under the aforementioned conditions, the control group's
histology slide scores ranged from 10 to 13. Six of the
eight slides had substantial irregularities in the peri-
chondrium, whereas the other two had moderate irregu-
larities. Similarly, six slides showed substantial cellular
organisation irregularity, while two slides showed minor
irregularity. On the other hand, perichondrium fibrosis
was seen in one of the control slides, moderate in six,
and mild in one. All slides in this group showed a signi-
ficant rise in chondrocyte cellularity index, with five
films showing a considerable increase in chondrocyte
clusters with 10-20% chondrocyte necrosis, and the other
three slides showing a modest increase in chondrocyte
clusters. All slides include fibrous degeneration as a
characteristic. The control group's mean score was
11.50+1.195.

In comparison to the other groups, the HA's score
ranged between 04-07, the lowest possible. All slides
showed modest to moderate perichondrium irregularity
in comparison to the control group. Four slides showed
perichondrium fibrosis, whereas the other half did
not. All except one slide in the study exhibited mild to

moderate perichondrium irregularity, while the other
slides had moderate to noticeable irregularity. The
cellularity of chondrocytes was somewhat increased
on five slides, but not on the other nine. One picture
indicated a significant increase in chondrocyte clusters
in seven of the images. The chondrocyte necrosis on
all of the slides was between 10 and 20 percent. All of
the slides showed no signs of fibrinoid degeneration.
The HA group had a mean score of 5.5041.195.

By conducting procedure in similar manner the slides
of group PIRO group scored an estimated range of 5-8.
Slight perichondrial irregularity was homologous cha-
racteristic in all slides. Whereas, regarding perichondrial
fibrosis in the eight slides one was devoid of any relevant
findings, six had slight, whereas one had modest fibrosis
of perichondrium. In addition mild and moderate to
marked irregularity in cellular organization was the
feature of one and seven slides respectively. Particularly
regarding chondrocytes one slide exhibits none, four
slides exhibit slight and three slides exhibit modest to
mark increased in chondrocytes cellularity regardless
of that all slide showed the feature of 10-20% chondro-
cyte necrosis. None of the slides exhibited fibrinoid
degeneration. Summing up the findings the PIRO group
displayed wide array of features like, modest unevenness
in organization, hypercellularity and minor cellular
necrosis. PIRO group’s mean score was calculated to
be 6.50+1.195.

Hence, a noticeable decrease of the variables including
means of gait and Modified Mankins scores were seen
in drug treated groups in competition to the disease

Table 1: Mean+ SD of Gait score and Modified Mankin
scoring system

Mean = SD of Mean + SD of P

Groups histopathology histopathology value
Group A 3.25+0.707 11.50+1.195
(control group)
Group B 1.00+ 0.756 5.50+1.195
(HA group) <0.001*
Group C 1.25+ 0.707 6.50+1.195

(piroxicam group)

P value was < 0.01 when ANOVA was applied
Table 2: Tuckey test is applied when the results are significant

Groups Gait analysis score  Histopathology score
A and B <0.001 <0.001
Aand C <0.001 <0.001
B and C 0.771 0.239
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group with an all-rounder significant p value of <0.01,
validating the regenerative properties of HA and PIRO.
Amongst inter drug group comparison both drugs
depicted their chondroprotective effects on parallel
level.
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Fig 1: Bar Chart of Mean Gait and mean Histo-
pathology score

Discussion

Osteoarthritis (OA) is the most communal type of arth-
ritis in the world, characterised by persistent joint pain
and dysfunction. Increased average life expectancy and
the obesity epidemic explain the majority of the global
rise in OA. OA has significant macroeconomic conse-
quences in addition to its personal costs; as a result,
OA will be a growing public health challenge in the
future decades."” The definitive therapy for OA has yet
to be established. Many medication categories are still
under study and are availed to treat traits and lessens
the course of illness These are viscosupplement com-
pounds, nonsteroidal anti-inflammatory drugs (NSAIDs),
and glucocorticoids.” Many investigations on the chon-
droprotective effectiveness of different viscosupplement
substances, NSAIDs, and glucocorticoids have been
conducted all over the globe. In a murine model of OA,
the goal of this project was to relate the chondroprotec-
tive effects of hyaluronic acid (HA), a viscosupplement
material, and piroxicam (PIRO), an NSAID. When the
scores of gait and histology of the control and HA groups
were evaluated after the interventional procedure was
completed, we identified significant changes that con-
firm the chondroprotective benefits of HA. Our results
matched those of Zhenqing's study from 2018. He com-
pared rabbit HA-interrupted OA models to a disease group
and concluded with a substantial p value of 0.05."” Yunus
Emre used a 27 mm drill bit to cause chondrocyte abnor-
malities in rats' knees. In contrast to control group mouse

mice, he discovered that HA had regenerating effects
on cartilage (p-value 0.001). 20 Similarly, our findings
are corroborated by a 2020 study by Li Jung Kang and
colleagues, who developed a surgically induced OA
mouse model and discovered that HA had chondropro-
tective effects (p value 0.01) when compared to a vehicle-
treated group.” When the Gait and histology scores of
the PIRO and control groups were matched, we disco-
vered statistically considerable results which proved
PIRO's chondroprotective effectiveness. Similarly, Park
and his colleagues found the same outcomes in their
investigation. In comparison to saline-treated rats, their
research found statistically significant changes (p value
0.05) in joint swelling ratings in A PIRO intervention
rats.” Meanwhile, Ijaz ul Haq and colleagues observed
aregenerative effect of PIRO (p value 0.05) in rodent OA
models, which supports our findings.” Similarly, Aziza's
study has revealed that PIRO intramuscular treatment
lowers articular swelling and arthritis score statistically
substantially (p 0.05) in vehicle-induced arthritis in
mice.” Her results corroborated previous research on
PIRO's chondroprotective properties. After comparing
the chondroprotective efficacy of the HA and PIRO
groups, we discovered that both drugs have equal chon-
droprotective efficacy. Our work is unusual in that both
medicines are routinely recommended by doctors for
the treatment of OA, and no in vitro, animal, or human
investigation has examined the chondroprotective
effectiveness of these two treatments to our knowledge.

Conclusion

In rat models, intra-articular injection of hyaluronic
acid and piroxicam decreased the severity of OA, as
shown by better mean gait and histopathological scores.
Both medications have identical chondroprotective
effectiveness, according to the comparison.
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