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ABSTRACT

Articular cartilage lacks the ability to repair itself because it is devoid of blood vessels, nerves, and
lymph, and there is no effective treatment that contributes to the cartilage repair process.
Osteoarthritis (OA) represents a difficult challenge and an increasing health care burden
worldwide. Nowadays, the generation of scaffolds has received great and increasing attention in
order to preserve the biophysical environment and bioactive factors. In addition, improved
decellularization technology has contributed to providing new promising solutions in the treatment
of OA.

**Post Graduate Student;
# Assistant Professor;
*Corresponding author: Email: ali.w@uokerbala.edu.ig;

Cite as: Sadeq, Ali Wasfi, and Bassim K. Khashjoori. 2024. “Clinical Evaluation of Use Decellularized Cartilage As a Bio
Scaffold for the Repair of Articular Cartilage in Dogs With Osteoarthritis” UTTAR PRADESH JOURNAL OF ZOOLOGY 45
(15):9-17. https://doi.org/10.56557/upjoz/2024/v45i154216.


https://doi.org/10.56557/upjoz/2024/v45i154216
https://prh.mbimph.com/review-history/3749

Sadeq and Khashjoori; Uttar Pradesh J. Zool., vol. 45, no. 15, pp. 9-17, 2024, Article no.UPJOZ.3749

Osteoarthritis (OA): Osteoarthritis (OA)is a common and debilitating joint disease that effects of
dogs worldwide. Treating cartilage abnormalities is challenging due to the restricted regenerative
capacity of cartilage and the constraints of existing therapies. Therefore, there is a need for novel
and innovative therapies that can target the underlying causes of osteoarthritis and promote
cartilage regeneration. This study was conducted to evaluate the efficacy of decellularized cartilage
for treating full-thickness defects of articular cartilage in dogs.

Methodology: Methodology ten dogs, healthy adult cross-breed, they were divided
into two equal groups, Group | (the control group) was left without treatment. While group Il (the DC
group) was treated by the application of decellularized -cartilage, in this research, we
investigated the utilization of decellularized xenograft articular cartilage is treatment can, the dogs
were euthanized on day 56 after surgery. Clinical, macroscopic evaluations were
performed.

Results: Results statically analysis of pain, lameness at walking and trot showed effectively reduce
pain and improve functionality in severe stifle osteoarthritis. Macroscopically, the fibrous tissue
appeared to fill the gap with the complete absence of the bone marrow of the decellularized
cartilage group compare with control group.

Conclusion: Conclusion decellularized cartilage used as a treatment can effectively reduce pain,

enhance movement and accelerate cartilage regeneration.

Keywords: Articular cartilage; osteoarthritis; decellularized cartilage; bio-scaffold dogs.

1. INTRODUCTION

The articular cartilage is connective tissue that
loses blood arteries, veins, and lymphatic tissue.
It is very specialised to adapt to harsh
biomechanical environments [1]. The hyaline
articular cartilage tissues are extensively
hydrated and cover the contact surfaces of joint,
which form parts of synovial articulation. It
functions to carry and absorb the load, so as to
facilitate efficient frictionless operation of other
elements in the skeleton The limited natural
healing ability of cartilage leading to osteoarthritis
[2]. Osteoarthritis is a common disease that
damages all joint structures and frequently
affects the stifle joint. Cartilage has reduced
healing capabilities due to its intrinsic low
vascularity, which leads to a diminished
replicative capability of chondrocytes. Dogs will
often have problems with their complex synovial
stifle joint. When the cruciate ligament ruptures
and the patella dislocates, osteoarthritis of the
stifle joint principally results. Osteoarthritis is
progressive, causing severe pain and
significantly reducing your dog's quality of life [3].
Cartilage tissue regeneration is becoming a
hopeful approach for repairing damaged
cartilage. Scaffolds for repairing cartilage have
been extensively studied for a long time as an
essential part of tissue engineering [4]. The
scaffolds consist of many components such as
collagen, gelatin, chitosan, fibrin, hyaluronan,
chondroitin sulphate, porous ceramic, bio glass,
and others [5]. There is still debate on which
scaffold is the most effective one when it comes
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to cartilage repair. Despite having potential off-
target effects from cell-based therapies,
decellularization technology offers a method to
eliminate specific cells from tissues while
maintaining ECM. This process gives rise to
scaffolds with low immunogenicity and highly
desirable biological and biomechanical properties
[6]. Generally, cartilage tissue is first treated
mechanically, which involves tissue smashing
and submitting the tissue to freezing and thawing
procedures more than once. This is then followed
by additional processing through other means
like chemically that actually helps to get rid of
cellular tissues. Decellularized scaffolds are
implanted to knee joint cartilage injuries to
support for the repair of the cartilage and
enhance integration of the surrounding tissues
through the infiltration of cells and deposition of
ECM [7-9]. During the procedure of cartilage
regeneration  with  decellularized cartilage
scaffolds, three key steps are included: growing
new cells and implanting them in the tissue;
replacement of the damaged cartilage; and filling
the hole left by the tissue [10]. For instance,
articular cartilage has comparatively poor
intrinsic healing capabilities and as such, minor
damages and abrasions to the chondral or
osteochondral tissues may result to severe
degenerative (OA) depending on the kind and
maghnitude of the injury caused to the cartilage. In

the course of time, such techniques as
autologous chondrocyte, transplantation,
arthroplasty, subchondral drilling, and micro-

fractures and total knee arthroplasty become the
main of surgical intervention, though possessing
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a number of drawbacks [11]. Advancements in
current treatments, this is still prove to be a real
challenging activity in fix of articular cartilage
deficits. Therefore, there is a need for novel and
innovative therapies that can target the
underlying causes of osteoarthritis and promote
cartilage regeneration, decellularized cartilage
from animal donors with different species have
several advantages: A xeno-grafts do not regress
and they maintain their volume as a result of
non-resorbable behaviour. Thus, many of the
orthopaedic surgeries from today using these
materials with low rates of replacement [12]. B.
Related donor tissue is easily accessible and we
have more tissue availability and are less costly
as compared to allogeneic transplants. The price

of commercially available xenografts is
approximately one-tenth that of allografts. In
addition, complex sterilisation  processes

generally result in longer shelf lives [13]. A major
advantage is that the expanded cartilage can be
retained for several years after surgical
implantation. Unlike allografts, which tend to
resorb over time. Many studies have shown that
natural antibodies that react with a-1,3-Gal
epitopes are involved in the induction of
hyperacute rejection. The primary cause of this
rejection is the activation of the classical
complement pathway within the host, Inactivating
the GGTAL gene can greatly reduce this initial
rejection step that shown in xenograft by
decellularize process [14]. Aime of study, based
on this knowledge, we examined the
effectiveness of decellularized cartilage in the
repair of articular cartilage defects of dog's stifle
joint. The success of this study may have
significant clinical implication for patients in
future.

2. METHODOLOGY
2.1 Experimental Animals Design

ten healthy cross-breed dogs aged 1-2 years and
weighing average 20 kg were used. The animals
were housed in individual enclosures and
administered with 0.2 mg/kg of Ivermectin [15].
The animals were divided into two equal group.
Both groups making full thickness articular
cartilage defect, diameter was 8 mm and depth
of 4 mm in medial femoral condyle. Group |
(control group) was left without treatment. In
group Il (DC group) was treated by filled the
defect site by decellularization cartilage.
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2.2 Chondral Tissue Harvest

Fresh whole femoral condyles of calves were
collected from a slaughterhouse immediately
after slaughter and then transported on ice to
laboratory facilities. Tissues and muscles on the
harvested joint were stripped. Condyles were
lavage with sterile 0.9% normal saline to remove
debris and blood and then placed in 250 mL
biopsy cup. Then cutting medial and lateral
femoral condyle and condyle fossa using
surgical blade into flakes by a surgical blade
[16].

2.3 Decellularization Cartilage

The modified procedures were used to
decellularize the bovine chondral graft flakes. In
summary, the samples were washed three times
in a PBS solution with 200 U/mL penicillin. After
that, the samples were placed in PBS and frozen
in liquid nitrogen at -196 °C. In the end, the
samples were quickly thawed at 37 °C. The
freezing and thawing process was repeated three
times. The frozen-thawed graft pieces were
soaked in a solution that included 0.02%
Tris’lEDTA and a protease inhibitor. then, the
sample incubated at 4 C° for 48 hrs.
Subsequently, the tissues were transferred to a
mixture of distilled water with 0.1% Triton X-100
or 2% SDS and stirred for 1 hrs in ice. After PBS
wash, the tissues rinsing a DNAse/RNAse PBS
solution for 24hrs. Subsequently, the tissue
samples were treated with a 0 C°. Samples were
washed for thirty minutes in distilled water,
followed by a staining with 02% Tris/fEDTA
solution for the next forty-eight hours. Then the
tissues were washed in PBS and the second
PBS washing was followed by its incubation in
physiological saline at 4 Celsius till used. The
cartilage flakes were then debrided by using
sterile scissors in such a manner that all the
specimens were chipped into small particles
measuring 1-2 mm?3 in size. Subsequently, the
collected samples were rinsed with physiological
saline solution and assessed for gross
morphologic features under haematoxylin and
eosin staining protocol [H & E] and surface
electrical microscopy [17].

2.4 Surgical Procedure

The surgical procedure was conducted in a
completely sterile environment. Prior to the
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Table 1. The criteria for evaluating clinical signs and activity in osteoarthritis dog [18]

Lameness at walk

Mild lameness with partial weight-bearing

WN -

No lameness; regular weight-bearing on all strides observed

Obvious lameness with partial weight-bearing Marked lameness with no weight-bearing

Lameness at trot

No lameness
Mild lameness
lameness with partial weight-bearing

AIWDN P

Marked lameness with no weight-bearing

Pain at palpation/mobilisation

abhwNPE

No pain was elicited on palpation/mobilisation of the affected joint.

Mild pain elicited, e.qg., turns the head in recognition.

Moderate pain elicited, e.g., pulling the limb away.

Severe pain elicited, e.g., vocalises or becomes aggressive

Severe pain elicited, e.g., not allowing the examiner to palpate/mobilise the joint.

procedure, all animals underwent a 12-hour
period of food deprivation and were allowed
unrestricted access to water for a maximum of 5
hours. Prior to the surgical treatment, all dogs
received a prophylactic antibiotic (penicillin-
streptomycin) at a dosage of 8 mg/kg
intramuscularly. then, the dogs  were
administered a sedative consisting of a mixture
of xylazine-hydrochloride 2% at a dose of 5
mg/kg body weight intramuscularly (I/M) and
ketamine-hydrochloride 10% at a dosage of 10
mg/kg body weight I/M. The dogs were placed in
a sideways lying posture on the surgical table,
and the hair on the left hind leg was removed
and cleansed to prepare for a sterile procedure.
Subsequently, a traditional lateral approach was
executed by creating an incision through the
skin, subcutaneous tissue, lateral fascia, and
joint capsule using a #11 scalpel blade,
Metzenbaum scissors, and a combination of
careful and accurate cutting. The trochlear
groove was uncovered, and the location of the
defect was chosen at the midpoint of the
trochlear groove. A full-thickness chondral defect
(cylindrical defect) (8mm diameter by ~ 4mm
deep) was induced by using a manual drill. The
surgical site was then flushed with standard
saline solution (0.9% NacCl) to remove debris.
Dogs were randomly divided into two equal
groups, The first group left without treatment,
The second group was treated with DC only. [18].
After 56 days had passed from the initial surgery,
dogs were euthanised, and joints were harvested
for clinical and macroscopic evaluation.

2.5 Clinical Evaluation

All  surgeries were completed, and no
intraoperative and postoperative complications
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were experienced. After surgery, dogs were
observed and monitored for lameness and pain
assessment. Their movements were observed
and documented in the open field, as they moved
and ran freely, in order to evaluate their gait.
Simultaneously, the dogs' discomfort was
assessed using palpation, which included
observing the following behaviours: fast and
shallow breathing, frequent changes between
standing and laying down, quick movements of
the affected limb, and attempts to bark and
attack. The grades used to assess both
evaluations were developed by Catarino et
al.[19]. In this scenario, clinical parameters were
evaluated: the grade of lameness at walking,
lameness at trot, pain on days 14, 28, 42, and
56. Table 1 [20].

2.6 Macroscopic Evaluation

After euthanasia on day 56, high-resolution
digital photographs of the articular surface of the
femoral condyle were taken. Macroscopic
examination of cartilage repair has been depicted
Methodically

3. RESULTS AND DISCUSSION

3.1 Clinical Evaluation: Lameness
Analysis Results

3.1.1 Pain analysis results

Pain analysis results showed

effectively reduced pain and improve

functionality in severe stifle osteoarthritis of the
decellularized cartilage group compare with
control group.
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3.2 Macroscopic Evaluation

After euthanasia on day 56, Digital high-
resolution photographs of the femoral condyle
articular surface were taken. Macroscopic
examination of the repair of the cartilage has
been carried out based on gross morphology,
which showed a variation in the depth of the
hole at the graft site; this was treatment-

dependent, and accordingly, the control group
shows the minimum healing process where the
defect cavity still apparent in the site of operation
indicating no or minimum healing (Fig. 1, A). The
DC group showed more advanced healing in
which the fibrous tissue appeared to fill the gap
with the complete absence of the bone marrow
(Fig. 1, B).

Lameness at walk assessment scores for Control, decellularization
cartilage

3.5

2.5

15 A

lameness scores 1-3

0.5

14 day 28days

42 day s

1 Control group
mDC

56 day s

Chart 1. lameness at walk

Lameness at trot assessment scores for Control, decellularization cartilage

4.5 4

3.5

lameness scores 1-4

14 day 28days

3
2.5
7
15 -
14
0.5 -
0

42 day s

1 Control group
mDC

56 day s

Chart 2. lameness at trot
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In this direction, this study was undertaken to
investigate firstly the novel treatment of
osteoarthritis which experimentally induced in
dogs. The development of osteoarthritis was
apparent in terms of the highest significant [p <
0.05] lameness score in untreated dogs during
the whole experimental duration. The lameness
scores were demonstrated in control group;
hence, the animals could not raise their legs and
move a few steps. The treated group that
received decellularized cartilage had significantly
the lowest lameness and pain scores during the

experimental duration. Another significant clinical
sign of osteoarthritis was pain during palpation.
Similarly, the recorded results revealed that the
positive control group with no treatment had
significantly [p < 0.05] the highest score for pain
on palpation during the whole experimental
duration. However, groups that received
treatment decellularization cartilage had lower
scores. Reducing pain and improving limb
function at days 28, 42, and 56 in dogs of the
group treated with decellularized cartilage, The
aforesaid changes were overwhelmed in group

Pain at palpation/mobilisation scores for Control, decellularization cartilage

scores 1-5

1 Control group
mDC

Fig. 1. Shown [A] control group, [B] Decellularize cartilage group

14
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treated by acellular cartilage, respectively, these
two groups showed marked cartilage
development which appear to be more fixed in
the grafting site, surrounded by area of intensive
collage deposition, the amount of the newly
generated cartilage was more in the second
group than in the first one. In this study, cellular
residues were removed through an optimized
decellularization step, thus eliminating the
possibility of immune rejection. The morphology
and structure of the tissue were preserved and
the structure of the osteochondral unit was
maintained. These results are identical to what
mentioned by Cheng et al., [21].

Macroscopic, The control group was showed
the minimum healing process where the defect
cavity still apparent in the site of operation
indicating no or minimum healing due to cartilage
has reduced healing capabilities, its intrinsic low
vascularity, which leads to a diminished
replicative capability of chondrocytes, compare
with other group that observed by Bunzendahl et
al. [3]. The Decellularization cartilage group
showed more advanced healing in which the
fibrous tissue appeared to fill the gap with the
complete absence of the bone marrow, The [DC]
are an excellent choice for creating a tissue-
engineered cartilage scaffold for cartilage
regeneration because they maintain the original
structure and ECM components of cartilage
tissue. This finding is consistent with Liu et al.
[22].

4. CONCLUSION

The current study revealed that decellularized
cartilage exerted anti-osteoarthritis effectiveness
by preventing the articular cartilage degradation
in dogs with osteoarthritis. because
decellularized cartilage has less ethical and
safety constraints, it may be rapidly implemented
in clinics as an effective and practical treatment
for osteoarthritis. All things considered, this work
offers new insight into the anti-articular
cartilage degrading effectiveness of
decellularized cartilage and points to it being a
viable and effective scaffled therapy option for
the treatment of osteoarthritis.
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