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ABSTRACT

Objective: To evaluate the chondroprotective effects of hyaluronic acid in a rat model of osteoarthritis.

Study Design: Laboratory based experimental study.

Place and Duration of Study: Department of Pharmacology, Army Medical College, Rawalpindi, in alliance with National
Institute of health, Islamabad and Department of Pathology, Army Medical College Rawalpindi, from Apr to Jun 2019.
Methodology: Sixteen (16) rats of Sprague Dawley breed were procured in this study. Osteoarthritis was induced in right knee
joint of rats by surgical resection of medial meniscus and anterior cruciate ligament. They were allocated into two (02) groups
with eight (8) rats in both groups. Group-I was control group that was treated with 0.2 ml intra articular saline once weekly
for four weeks. While group-II was treatment group that was intra particularly administered with 0.2ml hyaluronic acid once
weekly for four weeks. One week after the last dosage, gait pattern of the animals was scored. Then animals were sacrificed
and a part of proximal tibia was obtained for histopathologic analysis.

Results: Mean gait score of control group and treatment group was 3.25 + 0.707 and 1.00 + 0.756 respectively with a
statistically significant p-value of <0.001, while mean histopathological Modified Mankin score of control and treatment group
was 11.5 + 1.195 and 5.50 + 1.195 respectively with a significant p-value of <0.001.

Conclusion: Intra articular viscosupplementation of hyaluronic acid in rat model of osteoarthritis resulted in improved gait
pattern and histopathology.
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INTRODUCTION

Osteoarthritis (OA), also termed as osteoarthrosis,
is a degenerative joint disease with inflammatory com-
ponent. It is a heterogeneous disease of the whole joint
with progressive loss of hyaline cartilage, rapid growth
of bone architecture and remodeling of joint structure.
It is characterized by gradual deterioration of articular
cartilage with concomitant structural and functional
changes in the entire joint including capsule, syno-
vium, ligaments, bursas, subchondral bone and periar-
ticular muscles.! Age related degenerative changes are
the main cause of development of OA in old age while
physical or mechanical trauma to joint is main contri-
butor to development of OA in young people.? It is
clear from multiple studies and surveys that OA is the
most common disease of joints as compared to Rheu-
matoid arthritis (RA) and other seronegative forms of
joint diseases.?> OA puts down a huge burden on hea-
Ithcare department and consumes a substantial sum
of healthcare resources. It involves patient’s multiple
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visits to outpatient departments (OPDs), cost of
medicine, hospitalization and sometimes surgical rep-
lacement of the affected joint.# Various drug groups are
used to lessen the severity of symptoms and to delay
the progression of disease. Nonsteroidal anti-inflam-
matory drugs (NSAIDs), corticosteroids and viscosup-
plement substances are widely used drug groups in
the treatment of OA. Hyaluronic acid (HA), a viscosu-
pplement substance, is a major constituent of synovial
fluid which helps to facilitate lubrication and shock
absorption in joints.’ It is one of the many investiga-
tional molecules in the treatment of OA. Viscosupple-
mentation with intra articular (IA) HA has positive
outcome in pain alleviation and joint function impro-
vement in OA.® Experimental and in vitro studies
depicted chondroprotective efficacy of HA along with
its complementary clinical results. Various physiologi-
cal effects apparently lead to the mechanism by which
HA employs its chondroprotective effects. It increases
proteoglycan synthesis, lessens the generation and
action of proinflammatory mediators and matrix meta-
lloproteinases (MMP) and remodels the response of
immune cells. HA has a distinct effect on inflammatory
mediators including cytokines, proteases and prostagl-
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andins. HA also exhibits antioxidant effects in different
systems anticipating protection of articular chondrocy-
tes against the damage influenced by oxygen-derived
free radicals.”

This rationale of this animal study was that as
the HA is an investigational drug; we planned this
project to detect its chondroprotective effects in a rat
model of OA.

METHODOLOGY

This was a laboratory based experimental study
that was carried out in department of Pharmacology
and Therapeutics, Army Medical College, Rawalpindi
in alliance with National Institute of Health (NIH),
Islamabad and Department of Pathology, AMC. Ethics
approval of this study was undertaken from ethical
review committee of “Centre for Research in Experi-
mental and Applied Medicine”, (Referece ltr dated
May 3, 2019). Duration of animal intervention was two
months from April to June 2019. Animals were kept
in animal house of NIH Islamabad during the whole
duration of the study.

Inclusion Criteria: Adult rats of Sprague Dawley
breed, age 8-10 weeks and weight about 300-400 gram
were selected.

Exclusion Criteria: Apparently sick animals were
excluded.

Preliminary sixteen (16) adult rats were selected.
Animals were retained in metal cage; temperature was
kept 25 + 5°C with 40 £ 5% humidity and 12 hours day
/night cycle. Free excess to clean drinking water and
standard rodent diet adlibitum was ensured during the
complete tenure of the study. OA was induced in right
knee joint of all rats through surgery. Initially they
were anesthetized with intraperitoneal injection of
5% Xylazine and 1% Ketamine.® After that, skin of the
joint was shaved and disinfected with pyodine. It was
followed by a para patellar incision on the medial side
of the joint. Skin of the joint was retracted for complete
exposure of the joint. Anterior cruciate ligament and
medial meniscus were identified and transected. Skin
of the joint was closed with surgical stapler after the
completion of the procedure. Then animals were allo-
wed to move freely in the cage for two weeks there-
after.? They were assigned in two (2) groups, control
group and treatment group, with eight (8) rats in each
group thereafter. Intra articular (IA) drugs were admi-
nistered in the right knee joint of the rats two weeks
after the surgery. Rats of control group were injected
with 0.2 ml of Normal saline once weekly for 4 weeks.

While 0.2ml HA was administered in right knee joint
of treatment group once weekly for four weeks. We
waited for one week after the last dosage before
scrutinizing the parameters. Gait pattern was analyzed
according to an established scale of gait score.l0 After
gait scoring, animals were sacrificed by inhaled
chloroform in a desiccator.!® Part of proximal tibia was
cut by 55" angled bone cutter thereafter. Slides of
proximal tissue of tibia were prepared with Eosin and
Hematoxylin stains. These slides were scored using
Modified Mankin Slide score.’?

Data was analyzed using Statistical package for
the social sciences (SPSS) version 25. Gait score and
Modified Mankin score both parameters of this study
were quantitative and thus compared through student
t-test. The differences between two observations were
considered statistically significant if the p-value was
equal or less than 0.05 (p<0.05).

RESULTS

After one week of last dosage, hind paws of rats
were stained with dense black ink and they were temp-
ted by food to walk full length of A2 (42x60 cm) size
paper. Gait pattern of the rats was noticed with naked
eye and footprint made by the right drug treated leg
was compared with the left non-treated one to analyze
weight bearing throughout the movement on the
paper. Gait score of three, four and one rats of control
group was 04, 03 and 01 respectively while gait pattern
of two rats of treatment group scored 0, four rats
scored 04 and two rats scored 02. Figure-1 showed gait
pattern of a rat of control group with 04 score while
Figure-2 exhibited gait pattern of a rat of treatment
group with 01 score.
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Figure-1: Gait pattern of a rat of control group.

Slides of knee joint of the rats were observed and
analyzed under X100 and X400 lens. Histopathological
changes of OA were scored according to Modified
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Mankin scoring system. Score of slides of control
group was ranging from 10-13. Figure-3 depicted histo-
pathological changes of a rat of this group with 13
score. Six out of eight slides showed marked while rest
of two showed mild irregularity in perichondrium.
One slide had marked, six had moderate and one had
mild fibrosis of perichondrium. Six slides had mode-
rate to marked while two slides had mild to moderate
irregularity of cellular organization. All slides of this
group showed moderate to marked increase in cellu-
larity of chondrocytes. Five and three slides showed
moderate and mild increase in chondrocyte clusters
respectively. 10-20% chondrocyte necrosis was the fea-
ture of five slides while three slides exhibited 20-80%
chondrocyte necrosis. Meanwhile all slides exhibited
fibrinoid degeneration. Mean score of this group was
11.50 +£1.19.

Figure-3: Photomicrograph of proximal tibia of a rat of
Control group.

Slides of treatment group scored minimum
ranging from 04-07. Mild to moderate irregularity of
perichondrium was the feature of all the eight slides.
Half of the slides showed no while half showed mild
fibrosis of perichondrium. One slide had moderate to
marked whereas seven slides had mild to moderate
irregularity of perichondrium. Two slides had no
while remaining five slides showed mild increase in

cellularity of chondrocytes. Seven had mild while one
had moderate increase in chondrocyte clusters. 10-20%
chondrocyte necrosis was the feature of all the slides.
None of the slide in this group exhibited fibrinoid deg-
eneration. Figure-4 was a photomicrograph of a slide
of a rat of HA group with 05 score. It showed mild fib-
rosis of perichondrium with little increase in cellularity
and 10-20% necrosis of chondrocytes.
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treatment group.

The mean Gait score of control group and treat-
ment group were 3.25 = 0.70 and 2.25 £ 0.75 respecti-
vely with a significant p-value of <0.001 and Mean
score of this group was 5.50 + 1.19. When the histo-
logical score of both groups were compared, we found
a highly significant p-value of <0.001, both time that
confirmed the chondroprotective effects of HA in a rat
model of OA as shown in the Table.

Table: Comparison of gait score and modified mankin score
of histopathology.

DT Control Group | Treatment p-
(n=08) Group (n=08)| value
Mean of Gait 395 4 0.70 1002070 | <0001
score
Mean of Modified | 11 50,119 | 5504119 | <0.001
Mankin Score
DISCUSSION

Osteoarthritis (OA) is the most common manifes-
tation of arthritis which becomes more severe as the
people age. It is characterized by degeneration of carti-
lage, underlying bone and joint margin.’® It commonly
involves the joints of knee, hip and hand. The univer-
sal burden of this ailment categorizes knee and hip OA
as one of the common chronic disease. As life expec-
tancy and ratio of aged population increases, preva-
lence of OA is also being increased. This disease has a
higher incidence in old females as compared to males.
Risk factors of OA are still evolving with some comm-
on factors include age, gender, weight, increased bio-
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mechanical loading of joints and genetics.’* Definite
cure of OA is not available. Non-pharmacological
interventions i.e. assistive devices (foot wear and knee
braces), encouraging individuals to adapt healthy life
style, dietary habits to control body weight and to
commence moderate intensity exercises are the first
preferences to manage a patient of OA. Pharmacologi-
cal interventions are recommended when non-phar-
macological interventions become ineffective. Different
drug groups are used to alleviate the severity of symp-
toms and to delay the progression of disease. Nonste-
roidal anti-inflammatory drugs (NSAIDs), corticoste-
roids and viscosupplements are widely used drug
groups in the treatment of OA. Surgical interventions
include arthroscopy, osteotomy and joint replacement
can be an option for some individuals after the failure
of pharmacological treatment.’> Animal models of
chronic disease i.e. OA are created to find the efficacy
of novel drugs!® HA a novel drug, is a
viscosupplement substance that is a natural comp-
onent of synovial joint fluid. Chondroprotective effects
of this drug are not yet established. This animal study
was planned to find the chondroprotective effects of
intra articular (IA) HA in a rat model of OA. Dosage of
HA was selected from some recent research projects.
After the completion of intervention protocol, parame-
ters of both groups were analyzed and compared.
There were statistically significant differences between
gait score and modified mankin score of treatment
group and control group that confirmed the chondro-
protective effects of HA. Our results were in accor-
dance to 2018 research of Zhenqing et al. They Com-
pared HA treated rabbit model of OA with disease
control group and found a significant p-value of
<0.05.7 Similarly, in 2017 Akman et al created chon-
drocyte defect in knees of rats by 27mm drill bit. They
also concluded that HA exhibits chondroprotective
efficacy when compared with the rats of control group
(p-value<0.001).18 In 2016 Tamura et al created antigen
treated arthritis model of rats. They found a p-value
of <0.01 when HA treated group was compared with
vehicle treated group.!® Their findings also favor our
results. Meanwhile research work of Ozkan et al in
2015 also declared the chondroprotective effects of HA
as compared to saline treated group in rat model of
OA with a p-value of 0.004, results that are similar to
our study.

ACKNOWLEDGEMENT

Authors are thankful to Dr. Hussain Ali, Head of
research animal Facility, National Institute of Health (NIH),
Islamabad for his supervision regarding induction of oste-

oarthritis and intra articular drug administration in rats.
We also owe special thanks to Army Medical College,
Rawalpindi, for providing us opportunity to carry out this
research work.

LIMITATION OF STUDY

There were some limitations in our research project, as
we did not assess local as well as systemic adverse effects of
IA administration of HA. Similarly, there was a gap of 02
weeks between surgical induction of OA and first dosage
administration. Delay of four to eight weeks may lead to
induction of severe form of OA.

CONCLUSION

As compared to saline treated group, intra articular HA
exhibits chondroprotective effects in a rat model of OA. It is
suggested that further in vitro, animal and human studies
should be carried out to strengthen our results.
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