Effect of insulin-like growth factor-1 and hyaluronic
acid in experimentally produced osteochondral defects
in rats
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ABSTRACT

Background: The common purpose of almost all methods used to treat the osteochondral injuries is to produce a normal cartilage
matrix. However current methods are not sufficient to provide a normal cartilage matrix. For that reason, researchers have studied
to increase the effectiveness of this methods using chondrogenic and chondroprotective molecules in recent experimental studies.
Insulin-like growth factor-1 (IGF-1) and hyaluronic acid (HA) are two important agents used in this field. This study compared the
effects of IGF-1 and HA in an experimental osteochondral defect in rat femora.

Materials and Methods: The rats were divided into three groups (n = 15 per group) as follows: The IGF-1 group, HA group, and
control group. An osteochondral defect of a diameter of 1.5 mm and a depth of 2 mm was created on the patellar joint side of
femoral condyles. The IGF-1 group received an absorbable gelatin sponge soaked with 15 ug/15 ul of IGF-1, and the HA group
received an absorbable gelatin sponge soaked with 80 ug HA. The control group received only an absorbable gelatin sponge.
Rats were sacrificed at the 6" week, and the femur condyles were evaluated histologically.

Results: According to the total Mankin scale, there was a statistically significant difference between IGF-1 and HA groups and
between IGF-1 and control groups. There was also a significant statistical difference between HA and control groups.
Conclusion: It was shown histopathologically that IGF-1 is an effective molecule for osteochondral lesions. Although it is weaker
than IGF-1, HA also strengthened the repair tissue.
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to osteoarthritis.? Many surgical approaches are used to
treat these lesions. Periosteal or osteochondral grafting
to strengthen repair tissue, bone marrow stimulation

INTRODUCTION

steochondral lesions, mostly seen in the young

population and men, are most commonly localized
in the knee, elbow, and foot.! These lesions,
which are usually due to trauma, are significant clinical
issues because of the low ability to recover and leading
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methods (microfracture, abrasion arthroplasty, and drilling),
and cell-based approaches that have become popular in
recent years (autologous chondrocyte transplantation and
supportive matrix applications) are employed in its surgical
treatment .34

Unlike partial cartilage defects, osteochondral defects can
be repaired through the migration of mesenchymal stem
cells from subchondral bone. However, since the ability
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of mesenchymal cells to differentiate into chondral cells is
low, the newly-formed cartilage tissue does not completely
reflect the basic characteristics of normal hyaline cartilage.?
This kind of recovery is called fibrocartilage recovery due
to the fibrous content. The common purpose of almost all
studies that have been conducted on osteochondral lesions
is to increase the recovery potential of osteochondral lesions
where mesenchymal cells play a key role and to enhance
the differentiation ability of stem cells. In this way, organized
chonderal tissue production can be achieved with a cellular
content that can imitate normal hyaline cartilage and an
extracellular matrix structure.

Insulin-like growth factor (IGF) is a peptide hormone
synthesized mainly in the liver, which plays an active role
in several metabolic events within the body and displays
anabolic activity through local and systemic pathways.
IGF-1 also activates cell proliferation and differentiation
through receptor which has a higher affinity for IGF-1.°
It exerts this effect through the mesenchymal stem cells.
This molecule strengthens repair tissue by increasing
the synthesis of DNA, proteoglycan, collagen, and other
extracellular matrix proteins, and prevents pain and joint
degeneration by reducing the chronic synovial inflammation
and the catabolism of extracellular matrix proteins.® In this
respect, it is important for the recovery of osteochondral
defects.

Hyaluronic acid (HA) is a glycosaminoglycan polysaccharide,
which has important roles in the joints.” Mostly, it is used
for viscosupplementation to reduce pain in diseases with
diffuse cartilage damage such as osteoarthritis and to increase
the functional capacity.? It displays a protective effect on
chondrocytes and the extracellular matrix by reducing
inflammation and the enzymes with catabolic effect, whereas
it has a chondroproliferative effect through the stimulation of
the stem cell proliferation and differentiation and the synthesis
of matrix proteins.® In addition, it increases angiogenesis and
thereby allows for much faster tissue repair.!” In order to
benefit from these effects, the cartilage engineering studies
place emphasis on it for scaffold manufacturing.!'-1?

IGF and HA are two popular molecules that have been
researched in many studies.>!! On the advancement of
cartilage engineering, the efficacy of these molecules in
osteochondral defects has been an attractive area of research.
This study compared the efficacy of IGF-1 and HA applications
in rats with experimentally created osteochondral defects.

MATERIALS AND METHODS

Forty-five adult male Wistar Albino rats were used in this
study according to all institutional and national guidelines
for the care and use of laboratory animals. The rats had

a weight of 220-275 g and were aged 5-7 months.
The subjects were divided into three groups of 15
rats each, which was enough for statistical assessment. The
first group was identified as the IGF-1 group, second group
as the HA group, and the third group as the control group.

Operative procedure

An arthrotomy was performed on the knees of the rats by
medial parapatellar incision. The patella was rolled laterally,
and the anterior joint surface of the distal femur was
opened. A cylindrical full-thickness osteochondral defect
with a diameter of 1.5 mm and a depth of 2 mm was formed
on the femoral joint surface of the patellofemoral joint
with a drill. An absorbable gelatin sponge with a diameter
of 3 mm and a thickness of 2 mm (Spongostan Standart,
Ferrosan Medical, Soeborg, Denmark) was packed into the
defect [Figure 1]. The injection into the sponge was made
from different zones with fine-needle injectors at a dose of
15 ug/15 W IGF-1 (RIGF-1, Sigma-Aldrich, Missouri, USA)
in the first group (the IGF-1 group) and 80 ug HA (Ostenil
20 mg, Bio-Gen Pharmaceuticals, Ankara, Turkey) in the
second group (the HA group) (the IGF-1 and HA doses
were determined by considering the maximum volume that
the defect could take together with the absorbable sponge).
Only the absorbable gelatin sponge was packed in the third
group (the control group).

Morphological and histopathological assessments

One rat from the first group and two rats from the third
group were excluded from the study due to death from
an unknown cause and one rat from the third group was
excluded due to an acute infection. The distal femurs of
the remaining rats which were killed by injecting a lethal
dose of phenobarbital were removed at the end of week 6.

Figure 1: (a) Distal femoral joint surface with created osteochondral
defect. (b) The view of rat knee administered insulin-like growth
factor-1-soaked absorbable gelatin sponge
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In total, 14, 15, and 12 samples were obtained in the first,
second, and third groups, respectively.

The obtained tissue samples were fixed in a 10%
formalin (pH = 7.0) solution prepared within a phosphate
buffer and then decalcified at the room temperature in
DeCastro (30 ml 70% concentrated nitric acid, 50 g chloral
hydrate, 300 ml absolute ethanol) solution in a controlled
manner. The samples were embedded in paraffin through
routine tissue followup after decalcification and a series of
cross-sections of the sagittal plane were taken with a Rotary
Microtome (Shandon MB35 Premier) and placed on the
gelatin-covered slides from the paraffin blocks at a thickness
of 4 um by skipping once in 2-3 times to find the defect.
The obtained histological cross-sections were stained with
hematoxylin and eosin and the Safranin-O technique. All
cross-sections were evaluated by people specialized in their
field in a double-blind manner under a light microscope.
The tissue samples representing the lesion were examined
for the cartilage structure of the repair tissue, cellular
arrangement, matrix staining with Safranin-O, and the
joint surface uniformity. The results were evaluated based
on the Mankin scale.!?

Statistical analysis

Statistical analysis was performed using SPSS 13.0 (SPSS,
Chicago, Illinois, USA). The one-sample Kolmogorov-
Smirnov test was used to evaluate the distribution of the
groups. Since the groups were not normally distributed,
nonparametric Kruskal-Wallis test and Mann-Whitney
U-test were used to make statistical assessments between
the groups. A P < 0.05 was considered statistically
significant.

ResuLTs

The morphological assessment was conducted by considering
the recovery of the osteochondral defect [Figure 2]. The
defect was covered better in the IGF-1 and HA groups
compared to the control group. The comparison between
the IGF-1 and HA groups revealed that the defect was
covered better in the IGF-1 group.

The preparations were evaluated for the cartilage structure,
cellular abnormality, matrix staining, and tidemark
continuity and were photographed [Figures 3 and 4]. In
the IGF-1 group, the cartilage structure was 1.21 = 0.58,
cellular abnormality was 1.29 + 0.47, matrix staining was
2.14 = 0.95, and tidemark continuity was 0.57 + 0.51.
In the HA group, the cartilage structure was 1.93 = 0.88,
cellular abnormality was 1.73 + 0.70, matrix staining was
3.06 + 0.59, and tidemark continuity was 0.67 = 0.49. In
the control group, the cartilage structure was 3.50 + 0.57,
cellular abnormality was 2.33 + 0.78, matrix staining was
3.00 = 0.74, and tidemark continuity was 1.00 = 0.00.
The IGF-1 group was found to have lower values compared
to the total Mankin scale and also to have lower mean
cartilage structure, cellular abnormality, matrix staining,
and tidemark continuity values compared to both HA and
control groups. The minimum and maximum values of
the groups’ histological examinations based on Mankin
Classification are presented in Table 1.

There was a statistically significant difference in cartilage
structure and matrix staining between the IGF-1 and HA
groups (P = 0.005, P = 0.010; respectively); whereas
no statistically significant difference was found in cellular

Figure 2: The macroscopic view of pieces obtained at postoperative week 6: (a) from the insulin-like growth factor-1 group, (b) from the hyaluronic
acid group, and (c) from the control group showing that the defect was covered better in IGF-1 and HA groups
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Figure 3: Insulin-like growth factor-1 group (a) was found to have less fissure development and pannus and better cellularity compared to (b)

the hyaluronic acid group (c) and the control group (H and E, x40)

Figure 4: Insulin-like growth factor-1 group (a) was found to have better matrix staining compared to (b) the hyaluronic acid group (c) and the

control group (Safranine-O, x100)

Table 1: The minimum and maximum values of the group’s
histological examinations based on the Mankin classification
(the low value is good healing, the high value is poor healing)

Cartilage Cellular Matrix Tidemark Continuity
structure abnormality staining

IGF-1 group 1-3 1-2 1-4 0-1

HA group 1-3 1-3 2-4 0-1

Control group 1-6 1-3 2-4 1-1

IGF=Insulin-like growth factor, HA=Hyaluronic acid

abnormality and tidemark continuity (P = 0.057, P = 0.683;
respectively). There was a statistically significant difference
in cartilage structure, cellular abnormality, and matrix
staining between the IGF-1 and control groups (P = 0.001,
P = 0.001, and P = 0.031, respectively), whereas no
statistically significant difference was found in tidemark
continuity (P = 0.067). There was a statistically significant
difference in cartilage structure between the HA and control
groups (P = 0.012), whereas no statistically significant
difference was found in cellular abnormality, matrix staining,
and tidemark continuity (P = 0.067, P = 0.683, P = 0.152;
respectively). There was a statistically significant difference
between the IGF-1 and HA groups, the IGF-1 and control
groups and the HA and control groups in terms of total
Mankin scale (P = 0.001, P = 0.001, and P = 0.007).

DiscussioN

The common purpose of almost all methods used to treat
the osteochondral injuries is to make the mesenchymal
stem cells migrate to the defect area and then differentiate,
proliferate, and produce a normal cartilage matrix.!4
Cartilage engineering has made a significant progress in this
field and developed many products for use in osteochondral
injuries in recent years. In particular, the scaffolds containing

chondrocytes are commonly used.!®!® These scaffolds
contain chondrocytes produced in culture media and
function as normal hyaline cartilage when applied to the
osteochondral defects. However, they are effective to
the extent that they imitate the normal hyaline cartilage.
The agents with chondrogenic and chondroprotective
effects are mainly emphasized in order to increase the
similarity of the defect to the natural cartilage. IGF-1
and HA, from the prominent agents of this matter, were
compared in this study.

IGF-1 plays a great role in normal development and healthy
functioning of the musculoskeletal system.!® It induces
mesenchymal cell migration, proliferation, and differentiation.
It also increases the biosynthesis of mRNA and matrix
proteins.!” These effects have made IGF-1 become one of the
important actors of the researches on osteochondral injury.
Kim et al.*® conducted a study using a double-layer composite
hydrogel and evaluated the efficacy of IGF-1 and the
efficacy of transforming growth factor-g3 (TGF-33) in rabbit
osteochondral defects. In the histopathological examination,
the cartilage development was found significantly better in the
groups who received IGF-1 and IGF-1 + TGF-B3 compared
to the control group. The authors also reported that IGF-1
exerted its positive effect independently of TGF-B3, and there
was no synergistic action between these two molecules. Orth
et al.?? transinfected the chondrocytes from rabbit hips and
knees with IGF-1 and fibroblast growth factor-2 and applied
these transinfected chondrocytes on the rabbit knees with
created osteochondral defects in their study. Examination
at 3 weeks after the surgery, it was found that there were less
fibrocartilage development, significantly better proteoglycan
and cartilage repair, and less degenerative modifications in the
subjects who received gene expression-induced chondrocytes.
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In another study, Leng et al.?® (2012) reported that they
achieved greater positive outcomes in the morphological,
microscopic, electron microscopic, and magnetic resonance
imaging examinations in goat knees with created large
osteochondral defects upon using IGF-1. Furthermore, the
release of anabolic cytokine was higher in the IGF-1 group.
Singh et al.® (2007) also demonstrated that the use of IGF-1
provided a significant contribution to cartilage recovery in
their study with rabbits.

Verwilghen et al.?! (2009) evaluated the efficacy of IGF-1
on horses. Their study investigated the reaction of IGF-1
levels against trauma in the plasma of the horses after
an osteochondral defect. For this purpose, horses with
osteochondral defects and healthy control horses were
compared. The plasma levels of IGF-1 were higher in
horses with osteochondral defects. They suggested that
this difference was associated with the repair of the
osteochondral defect, and they indicated the importance
of this IGF-1 for the cartilage repair.

Another molecule used in many studies on cartilage
tissue is HA. HA regulates the viscoelasticity of synovial
fluid.?? In addition, it has many important functions such
as creating a lubricant effect, increasing the synthesis
of matrix proteins, and protecting joints from catabolic
agents.?® Mostly used in osteoarthritis; HA has been also
studied in osteochondral defects in recent years. Park
et al.?* (2014) conducted a study in tissue engineering and
evaluated the proliferation, migration, and extracellular
matrix production of the human-origin osteoblasts and
chondrocytes in culture medium using type | collagen
hydrogel and HA hydrogel. The researchers presented that
the osteoblasts were better produced in type I collagen,
whereas the chondrocytes were better produced in HA.
Based on this result, it has been reported that it is possible
to successfully prepare three-dimensional osteochondral
tissue grafts by using type I collagen matrix for the
osseous part and HA matrix for the chondral layer, as
it is composed of two separate components and to use
such grafts in osteochondral lesions. Suwannaloet et al.?®
(2012) compared the efficacy of saline, HA, and diacerein
in rabbits with created chondral defects in the knees.
The authors reported that HA, which was administered
after subchondral drilling, increased especially collagen
production and chondrocyte stimulation, and there was an
increased effect of HA in the group that received diacerein
additionally. Kon et al.® created an osteochondral defect in
medial and lateral femoral condyles of goats and reported
better outcomes and increased regeneration ability due to
HA administration in the groups that had drilling in the
histopathological and morphological assessment after 6
months. Kim et al.?¢ (2014) reported that both HA and
MSC (mesenchymal stem cell) applications increased

the regeneration ability in the rabbits with created
osteochondpral defects; however, the outcomes were better
if both were used in combination.

The effect of HA on osteochondral defects has been also
evaluated in clinical trials. Doral et al.?” (2012) reported
the outcomes of 57 patients with osteochondral defects of
the talus. The patients who were treated arthroscopically
and had perfusion and debridement via the microfracture
method were evaluated in two groups: Patients who were
administered and those that were not administered injection
of HA. The postoperative assessment was performed in
terms of functional scores/outcome and pain levels. The
postoperative scores were found significantly higher than the
preoperative scores in both groups. When the postoperative
scores of both groups were compared, the scores were better
in the group that received HA. The authors reported that
the microfracture treatment was an effective approach, and
the treatment efficacy would increase if HA was added.

There are a limited number of studies comparing IGF-1
and HA in articular cartilage. One of these is the study by
Liu et al. (2011).28 This study was conducted on the rabbit
temporomandibular joints with created osteoarthritis. The
histopathological examination at postoperative months 12
and 24 revealed no significant difference between the control,
HA, and IGF-1 groups. This result is contrary to many studies
creating the osteochondral defect model reported in the
literature. However, it is different to conduct the study on the
temporomandibular joint where osteoarthritis rarely develops
in an osteoarthritis model and in practice. The authors
also reported that the group receiving the HA and IGF-1
combination was significantly superior compared to other
groups, and the co-administration of these two molecules
would provide a successful outcome in osteoarthritis.

In this study, the results of the IGF-1 and HA groups
were superior to the control group based on the total
Mankin scale. In addition, the results of the IGF-1 group
were superior to the HA group. Most of the studies on
osteochondral defects support the current findings. In that
sense, the current findings are consistent with the literature.
As distinct from this study, the demonstration that the
co-administration of these two agents, one of which is
mainly chondroblastic and the other is chondroprotective,
results in a synergistic action are important, as well.

HA is used in chondral tissues produced for osteochondral
defects. There are several clinical studies related to these
products which contain HA.?%3° On the contrary, there are
only experimental studies related to IGF-1 in literature.!”1°
Clinical trials are not yet available. If the effectiveness of
IGF-1 is demonstrated with similar studies, we think this
molecule will be used in clinical applications in the coming
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years. That is, IGF-1 may be added into scaffold used for
osteochondral defects.
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