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ABSTRACT

PURPOSE: To compare two different experimental models of osteoarthritis in rabbits: intra-articular collagenase injection and anterior
cruciate ligament transection.

METHODS: Ten adult rabbits were randomly divided in two groups: COLL (collagenase group) and ACLT (anterior cruciate
ligament transection). The COLL group was treated with 0.5 ml collagenase solution (2mg collagenase/0.5 ml sterile PBS), and the
ACTL group was subjected to anterior cruciate ligament. After six and twelve weeks, respectively, the animals in the COLL and ACTL
groups were euthanized. The gross appearance and histological examinations conducted in the cartilage articular surface was blindly
scored according to the criteria developed by Yoshimi et al. (1994) and Mankin et al. (1971), respectively.

RESULTS: The gross morphologic observation, macroscopic score and histological examinations have demonstrated that the ACTL
group presented the highest scores, and lesions more severe than those in the COLL group.

CONCLUSIONS: Both methods, anterior cruciate ligament transection and collagenase, applied to the stifle joint of the rabbits have
effectively induced degenerative changes in the cartilage tissue, through statistically significant analysis (p<0.05). The ACTL method
has presented more severe lesions.
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Introduction

Osteoarthritis (OA) is a degenerative joint disease most
commonly occurring in the knee and seen in middle-aged and
elderly adults. Knee OA is one of the major causes of pain and
disability; it significantly affects the patients’ quality of life'.
According to the World Health Organization?, OA is the fourth
leading cause of years lost to disability worldwide, due to the
increasing number of individuals suffering from this disease.
Understanding OA is a key process to develop better treatment
and prevention strategies against it.

Animal models have proved to be of considerable
importance in elucidating mechanisms underlying joint damage
due to OA and in providing proof of concept in the development
of pharmacological and biological agents able to change the
structural damage in the OA-affected joint>. These models were
designed using different mechanisms through which stress leads
to OA development, namely: the transection of the meniscus
and/or ligaments*, the intra-articular injection of a chemical
substance such as papain’® or collagenase®. The knee dynamics
stability is affected by both the passive (ligamentous) and active
(neuromuscular) joint restraints. Among all knee joint stability
contributors regarding the femur’, the anterior cruciate ligament
(ACL) has long been considered the primary passive restraint to
the anterior translation of the tibia. The anterior cruciate ligament
transection (ACTL) model has been widely described and has
shown the appropriate histological and biochemical changes
associated with OA progression®. The ACTL model has resulted
in joint instability; thus, it has induced cartilage degeneration,
subchondral bone sclerosis and osteophyte formation, which
mimics the pathological changes observed in human OA”.

The collagenase-induced OA model is based on joint-
instability induction through intra-articular collagenase injection.
Such induction procedure weakens the ligaments and leads
to an OA-like pathology, including cartilage matrix erosion
and osteophyte formation within 6 weeks!®. Despite being a
convenient model (rapidity, ease application and consistency in
cartilage damage induction), it is still unclear whether the tissue
characteristics of the animal subjected to collagenase injection are
comparable to that of the ACTL model.

The aim of the present study is to compare OA
development between the anterior cruciate ligament transection
model and the intra-articular collagenase injection through the

gross morphological observations-macroscopic score and the

collagenase injection and anterior cruciate ligament transection

histological evaluation of the cartilage articular surface.

Methods

The experimental protocol was approved by the
Ethics Committee on Animal Use (CEUA) of UNESP, under
no. 027839/12, at a meeting held on December 12%, 2012. The
experiment was conducted in compliance with the ethical principles
adopted by the Brazilian College of Animal Experimentation
(COBEA).

Ten healthy white New Zealand adult male rabbits
weighing 2.8-3.4 kg were used in the experiment. The animals
were randomly distributed in two groups with five animals each,
namely: COLL (collagenase group) and ACLT (anterior cruciate
ligament transection). The animals were individually housed
and handled according to the institutional Animal Care and Use
Committee. The environment was enriched with objects such as

burrows and nests in order to assure the animals’ welfare.

Induction of the experimental OA

The collagenase group
The collagenase solution was prepared in laminar flow

hood using type II Collagenase from Clostridium histolyticum
(enzyme activity 425 U/mg-Sigma-Aldrich, Germany). Two
milligrams were dissolved in 0.5 ml sterile phosphate-buffered
saline solution and filtered through a 0.22 pm membrane. The
animals were anesthetized using an intra-muscular injection
of 2 mg/kg xylazine hydrochloride and 30 mg/kg ketamine
hydrochloride. The solution was intra-articularly injected into
the right stifle joint after the right stifle joint was clipped and
aseptically prepared. The injection was administered at days 1 and
4, according to the method by Kikuchi et al (1998)%. The rabbits
were kept in their cages at the end of the anesthetic recovery, with

free movement for 6 weeks.

Surgical group

The surgical OA model was induced through anterior
cruciate ligament transection (ACLT), according to the method
by Vignon et al."'. The animals were anesthetized using an intra-
muscular injection of 2 mg/kg xylazine hydrochloride and 30 mg/

kg ketamine hydrochloride in combination with the cephalic vein
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catheterization and with intravenous propofol maintenance. The
right stifle was prepared in a surgically sterile fashion. The patella
was medially dislocated through lateral parapatellar arthrotomy in
order to achieve the optimal visualization of the anterior cruciate
ligament and of the knee positioned in full flexion. The ACL
was visualized and transected with a scalpel. The stifle joint was
irrigated with sterile saline and the joint capsule and subcutaneous
tissue were closed using 4-0 polydioxanone suture. The skin was
closed using 3-0 nylon surgical suture. Prophylactic antibiotics
added with enrofloxacin 15 mg/kg were administered every 24
hours for 5 days after surgery. Analgesic therapy was conducted
through the administration of tramadol 2 mg/kg every 12 hours
for 3 days. The animals were kept in their cages at the end of the

anesthetic recovery, with free movement for 12 weeks.

Gross morphological observations and macroscopic

score

Rabbits

thiopental overdose followed by potassium chloride. The animals

were euthanized wusing pharmacological
from the collagenase group were euthanized at the 6th week,
those from the surgical group were euthanized at the 12th week,
according to the respective methods. The right stifle joints were
dissected and the lateral and medial femoral condyles were
examined for gross morphological changes. Cartilage degeneration
was assessed and measured according to the Yoshimi scoring
system!? (0, normal cartilage; 1, softened cartilage; 2, fibrillation;
3, erosion; 4, ulceration; and 5, cartilage loss). All assessments

were graded by a blinded pathologist.

Histological evaluation and score

The lateral and femoral condyles were fixed with
10% neutral buffered formalin and decalcified with 20%
ethylenediaminetetraacetic acid right after the macroscopic
score. The calcified condyle was embedded in paraffin and the
standard frontal micro-sections (5 um width) were prepared and
stained in hematoxylin, eosin and toluidine blue. The degree of
cartilage degradation was assessed through the scoring system
by Mankin et al."®, with modification. The histological evidence
of cartilage degeneration was assessed through the structural
change in articular cartilage (0, normal; 1, surface irregularities; 2,

pannus and surface irregularities; 3, clefts to transitional zones; 4,
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clefts to radial zones; 5, clefts to calcified zones; and 6, complete
disorganization), as well as through the cell status (0, normal; 1,
diffuse hypercellularity; 2, cloning; and 3, hypocellularity). The
total cartilage degeneration score ranged from O (normal) to 9
(complete disorganization and hypocellularity of the articular
cartilage). All cartilage sections were graded by a blinded
pathologist.

Statistical analyses

The statistical analysis was conducted in the Instat
software at significance level p<0.05. The data collected through
macroscopic and histomorphological scores were subjected to

nonparametric Mann-Whitney Test.

Results

Gross morphological observations and macroscopic

score

There were significant differences between the groups.
The mean of the COLL group was 2.417+0.5149 and that of
the ACTL group was 3.750+0.7538. The two-tailed P value
was 0.0006, and it was considered extremely significant. Gross
surface damage signs were more apparent in the ACTL group,
thus exhibiting more severe lesions. Ulceration areas and cartilage
losses were found in this group, whereas there was discoloration,

fibrillation and erosion in the COLL group.

Histological examinations

The ACTL group showed more severe signs of
degenerative alterations. The mean histological scores were:
COLL, 3.833+1.624; ACTL, 6.583+1.165. The two-tailed P value
was 0.0008, which was considered extremely significant. As
shown in Figure 1, the structural change in the articular cartilage
of animals in the ACTL group showed severe degradation and
disorganization, given that the fissures were deeper and that there
were losses in the superficial and deep layers in some areas and,
consequently, the exposure of the calcified zone. The severe

hypocellularity of the chondrocytes was noticed in the cell status.
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FIGURE 1 — The histological assessment of the ACTL group. A-C (hematoxylin and eosin staining); D-F (Toluidine Blue staining). A. Clefts in
superficial and transitional zones (arrows). B. Structural disorganization and clefts in superficial, transitional, deep and calcified zones (arrow). C.
Hypocellularity of chondrocytes (ellipse). D. Loss of superficial and deep layers and the consequent exposure of the calcified zone (arrow). E. Clefts
in superficial and transitional zones (arrows). F. Hypocellularity of the chondrocytes and mild surface irregularity (el/ipse).

In the COLL group, the structural change in the articular
cartilage showed irregular surface layer with fibrillation, swelling
and lysis sings in the matrix. Pannus, diffuse hipercelularity and

clustering were also noticed in this group (Figure 2).
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FIGURE 2 - The histological assessment of the COLL group. A-C
(hematoxylin and eosin staining); D-F (Toluidine Blue staining). A-B.
Mild surface irregularity (arrow) and clustering of chondrocytes (ellipse).
C. Pannus (ellipse). D. Mild surface irregularity, clefts in superficial
and transitional zones (arrow) and clustering (ellipse). E. Diffuse
hypercellularity (ellipse). F. Clustering of chondrocytes (ellipse).

Discussion

The rabbit model appeared to be practical for early
therapy evaluation stages due to its relative cost effectiveness,
easy handling and to the animal’s joint size, which is suitable for
surgical procedures'®, as shown in the present study. Nonetheless,
the welfare during experimental procedures is of concern in most
research centers worldwide. Thus, the aim of the present study
was to compare the effectiveness of two different models for
osteoarthritis induction in rabbits. Both methods were capable
of producing consistent lesions, which were compatible with
osteoarthritis.

The present study has demonstrated evident degenerative
changes inthe articular cartilage of the collagenase group. However,
these changes were different to those in the ACLT. Nevertheless,
both methods have induced the development of OA, although
in different grades. Probably the time-dependent progression
may have resulted from the different action modes applied to
the knee joints. Notwithstanding, it is important highlighting
that the evaluation period was different between the two groups,
because the methodology was applied exactly as described in the
herein referred literature. Both methods were able to induce joint
instability through ligament rupture or weakening the ligaments
due to the collagenase effect; thus leading to an OA-like pathology.
Melo et al." have stated that changes are expected in both groups
due to joint instability. The imbalance in the distribution of forces
on the articular surface led to the breakdown of proteoglycan
arrangements, to the consequent increase in cartilage hydration

(swelling) and to the exposure of collagen fibrils (fibrillation).
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The results have shown that the chemical osteoarthritis
induction through intra-articular collagenase injection in the rabbit
model resulted in cartilage degenerative changes. However, these
changes were superficial and showed early osteoarthritis stages
due to the collagenase concentration, according to Kikuchi et al.b.
The ACLT method has created degenerative cartilage lesions after
12 weeks, as well as more severe degradation®'>16,

Although the lesions in animals of the COLL group were
more superficial, the high instability of the ACTL model was the
disadvantage of this method. In order to evaluate the effectiveness
of different osteoarthritis treatments it is necessary stabilizing
the joint through the surgical correction of the ruptured ligament,
although the complete stability is impossible to be reached.
Furthermore, since ACLT presented instability based on the
biomechanically-induced model, factors such as cage dimensions
and flooring could interfere in the development of the disease,
because they influence the activity of the animal’s affected limb'”.
According to Kikuchi et al.b, the intra-articular injection can be
conveniently performed, the surgical procedures to develop an OA
model are complicated and the cartilage degeneration induction
takes longer than the intra-articular injection of chemical
substances. Furthermore, it has the advantage of being minimally
invasive, less painful, reproducible and relatively easy to conduct.
Thus, the intra-articular injection can be considered an alternative
more practical than the ACLT to be applied to an OA animal model.

Despite the importance of the current study, some
limitations were noticed in it. The main limitation was the small
number of rabbits in each group. However, it is important calling
the attention to the concern with the reduced number of animals
participating in the experiments. Besides, more objective and
sophisticated outcome measurement systems could have been
adopted such as gene expression and type I and II collagen
analysis through immunohistochemistry applied to the animal’s
cartilage. It could have helped elucidating the molecular difference
levels between techniques. Nevertheless, it is worth stating that
the present study offers valuable data to promote the further
application of both methods.

Conclusions

The anterior cruciate ligament transection and collagenase
methods applied to the rabbit knee joint have effectively induced
degenerative changes in the cartilage tissue, although in different
grades. The ACTL method has presented more severe lesions. This
result may be due to that the surgical model provides more joint
instability, moreover, the establishment of osteoarthritis be longer,

six weeks more than the COLL group.
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