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OF RATS (HISTOLOGICAL STUDY)
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ABSTRACT

Objective: The aim of this study was to evaluate histologically the effect of the Biphasic Calcium Phosphate and Hyaluronic
Acid on bone regeneration in critical sized defects in tibia of rats. Materials and methods: The experimental part was carried
out on 16 adult male albino rats and their weight almost 250 gm., the animals were grouped into 2 equal groups as the following;
group I (control) which had not receive any thing , group II (experimental) which had received Biphasic calcium phosphate plus
Hyaluronic acid (BCP+HyA). Specimens were harvested on days 7 and 28 after surgical procedures, prepared and examined
histologically by H&E stain, there were wide histological differences between the groups of this study along the different intervals
of the study. Results: The histological results demonstrated that there was obvious retardation in granulation tissue formation,
organization and bone formation in the control group I than the other group along the different intervals of this study. Moreover,
there was great acceleration in granulation tissue formation, organization and bone formation in experimental group II which
received the (BCP+HyA). this enhancement in bone healing process was due to the effect of HyA as it accelerates the bone

regeneration by means of cell adhesion, chemotaxis, proliferation and successive differentiation of mesenchymal cells.

INTRODUCTION

Various graft materials have been developed
and used for reconstruction of bony defects. Bone
grafts fall into four general categories: autografts,
allografts, xenografts, and alloplasts. ” The role
of these materials in regenerative procedures is
based on osteogenic potentiality (contain bone-
forming cells), osteoinductivaty (contain bone
inducing substances), and osteoconductivaty (serve
as a scaffold for bone formation) ®. Autograft
and allograft remain the most effective grafting
materials because they have more potentials for
bone regeneration ®. However, alternatives such
as alloplast have been used because of donor site
morbidity, limited supply, with increased cost of
autografts and risk of disease transmission and

response rejection by allografts @ .An alloplast is
a synthetic or inert foreign body material that has
ostoeconductive capacity and can be produced
in unlimited quantities without risk of disease
transmission @. One of Currently used allopasts is
biphasic calcium phosphate 4.

Biphasic calcium phosphate (BCP) bioceramics
belong to a group of bone substitute biomaterials
that consist of an intimate mixture of hydroxyapatite
(HA) {Ca (PO,)(OH),} and beta-tricalcium
phosphate (8-TCP) {Ca,(PO,),} of varying HA/B-
TCP ratios. It is considered to be a more efficient
ceramic material and an ideal bone substitute
due to its favorable biological properties such as
having high bioresorption rate, microporosity,
compressive strength, bioreactivity, dissolution, and
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osteoconductivaty @, It's used in extraction socket,
sinus lifting, ridge augmentation and bone defects®.
Although BCP graft is commonly used as bone
substitutes, numerous studies have reported that
grafted BCPs did not increase bone formation 7.

Hyaluronic acid (HyA, also known as hyaluro-
nan or hyaluronate) was first discovered and iso-
lated from the vitreous body of cows’ eyes by Karl
Meyer and John Palmer in1934 ®. The proposed
name “hyaluronic acid” was derived from ‘“hyalos,”
meaning glass in Greek word. Hyaluronic acid is
a naturally-derived polymers and considered as a
major component of the extra cellular matrix which
presents in nearly every mammalian tissues and
fluid®. Hyaluronic acid (HyA) has osteoconductive
potentiality as it accelerates the bone regeneration
by means of cell adhesion, chemotaxis, prolifera-
tion and successive differentiation of mesenchy-
mal cells. HyA may act as biomaterial scaffold for
other molecules, such as BMP-2 and TGF-f3, used
in guided bone regeneration techniques and tissue
engineering research”. HyA exhibits biophysical
properties of high viscosity, elasticity, and nega-
tive charge. It also shows bacteriostatic ", fungi-
static'?, anti-inflammatory'®, anti-edematous ¥,
osteoinductive'> and proangiogenetic characteris-
tics'® Up to now, HyA has mostly applied for bone
formation of craniofacial bone defect and dental ap-
plications in various animal models 7.

So, in the present study we examine the effect
of HyA with biphasic calcium phosphate on bone
regeneration using histological investigations.

MATERIALS AND METHODS

This study was carried out on sixteen adult male
albino rats, their average weight was about 250 gm.
The procedure management was carried out at house
animals of Faculty of medicine, Cairo University.

Grouping and experimental planning

The animals were divided randomly into two
main groups as follows:
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Group (I), control group consisted of eight rats
which had not receive any thing.

Group (II), experimental group consisted of
eight rats which had received the (BCP+HyA).

RESULTS

At seven days intervals of control group (I)
demonstrated that the center of the defect was filled
with blood clot which infiltrated by inflammatory
cells, mainly mononuclear leucocytes and
macrophages. At the Surface of the defect profuse
inflammatory cell infiltration were observed,
whereas at the base of the defect there was early
formation of granulation tissue and proliferating

blood capillaries. (fig.1).

28 days interval of control group demonstrated
that at the surface of the defect there was thin
rim of well-organized granulation tissues which
characterized by tightly packed collagen bundles
and recruitment of osteoblasts. The center of the
defect was filled with thin irregular trabeculae of
woven bone. The trabeculae of the newly formed
bone were lined by osteogenic cells and osteoblasts.
Also, there were wide marrow sinusoidal
heamopiotic cavities in between them which filled
with heamopiotic tissues. (fig.2).

Seven days interval of experimental group
(BCP+HyA) (II) demonstrated that the center of
the defect was filled with remnant of BCP+HyA.
Underneath the BCP+HyA there were well
organized granulation tissues which characterized
by more condensed, tightly packed collagen bundles
interspersed by fibroblasts and proliferating blood
capillaries. There was recruitment of osteoblasts
observed within the granulation tissue. There
were sequestrated bone chips observed within the
granulation tissue and surrounded by osteoclasts. At
the base and sides of the defect there were new bone
trabeculae formation which coalescent with each
other and enclosing marrow spaces with irregular
diameter and containing heamopiotic tissues.
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There were early imprisoned osteoblasts within
the bone matrix of the newly formed bone forming
osteocytes with wide osteocytic spaces. The side of
the defect demonstrated well demarcated scalloped
reversal line. (Fig.3)

28 days interval of) BCP+HyA) showed the
defect was closed by bridge of bone which connected
to old bone. The base of the defect was completely

EVALUATION OF BIPHASIC CALCIUM PHOSPHATE AND HYALURONIC

259

filled with new bone which formed of thick bone
trabeculae. These trabeculac were coalescent and
anastomosed with each other forming trabecular
network and were connected to the old bone.
The bone trabeculae were harboring multiple
marrow cavities in between them which filled with
heamopiotic tissue and lined by osteogenic cells and
osteoblasts. There was a reversal line demarcating
the old bone from the newly formed bone. (Fig.4).
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FIG (1) Histological section of control group at 7 days inter-
vals showing remnant of blood clot (BC), granula-
tion tissue (thick arrow), and old cortical bone (OB)
H&E(Mag.100x).

FIG (2) Histological section of control group at 28 days inter-
vals showing thin rim of granulation tissue (thin ar-
row), thin irregular trabeculae of woven bone (thick
arrow), reversal line (RL) and old bone (OB). H&E
(Mag.100x).
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FIG (3) Histological section of (BCP+HyA) group at 7 days
intervals showing remnant of BCP+HyA (thick
arrow),new bone (NB), well organized granulation tis-
sue (GT), blood vessel (thin arrow), sequestrum (arrow
head), recurrent of osteoblast (curved arrow), rever-
sal line(blue arrow) and old cortical bone(OB) H&E
(Mag.100x).

FIG (4) Histological section of (BCP+HyA) at 28 days showing
thick trabeculae of bone (thick arrow), marrow space
(thin arrow), old bone (OB) and reversal line (curved
arrow). H&E. (Mag. 100x)
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DISCUSSION

Bone healing is a very remarkable process
resulting in regeneration of the anatomy of bone and
complete return to function. Bone injury typically
associated with disruption of the local tissue
integrity, interruption to normal vascular function,
and distortion of the marrow architecture.

Biphasic Calcium phosphate has been selected
for this study as a one of the most commonly used
alloplasts and because of its biocompatibility, han-
dling characteristics, porosity, chemical and physi-
cal resemblance to bone minerals and potentially
unlimited supply at a low price (%19

Studies demonstrated that HyA promote bone
formation and accelerated bone regeneration by
means of chemotaxis, proliferation and successive
differentiation of mesenchymal cells V. It signifi-
cantly increased alkaline phosphatase and hence
stimulate cell mineralization “”. HyA allowed the
early deposition of osteoid tissue by providing a
scaffold on which osteoprogenitor cell attached and
so stimulated osteoblastic differentiation.

At seven days interval n the control group
the bone defect was filled with blood clot which
still replaced by early formation of granulation
tissues. The collagen bundles were interspersed by
fibroblasts and blood vessels. These finding were
in agreement with Solheim E. 1998, ?Y Bruder
SP and Fink DJ. 1994, ?» who stated that the
clot is replaced by granulation tissue by cellular
mobilization and vascular in growth with extensive
neo-angiogenesis.

Moreover, the group treated with BCP+HyA
demonstrated that there were new bone trabeculae
formation which coalescent with each other and
enclosing marrow spaces with irregular diameter
and containing heamopiotic tissues. This finding
was coincidental with the results of Bansal J et
al 1% who stated that Hyaluronic acid (HyA) has
osteoconductive potentiality; it accelerates the bone
regeneration by means of chemotaxis, proliferation
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and successive differentiation of mesenchymal
cells. HyA may act as biomaterial scaffold.

On the basis of the present study we observed
from the different histological findings between
these groups at seven days interval that more
bone regeneration and acceleration in healing in
(BCP+HyA) than control group.

The current work in the control group at 28 days
interval revealed at the surface of the defect there
was thin rim of well-organized granulation tissues.
The center of the defect was filled with thin irregu-
lar trabeculae of woven bone. While in the group
treated with (HyA+ BCP) showed that the defect
was completely filled with bone which formed of
thick bone trabeculae. These finding were in agree-
ment with Nguyen and Lee @ who revealed en-
hanced bone regeneration and cell proliferation
around BCP+HyA gel material.

On the basis of the current study we observed
from the different histological findings between
these groups at twenty eight days interval that the
best bone regeneration in (BCP+HyA) followed by
control group and such observation was confirmed
by Aslan et al® stated that bone formation in non-
critical-size tibial defects filled with HyA with an al-
logenic cancellous bone graft was higher than that in
defects filled with the allogenic cancellous bone graft
alone and control group at the late stage of healing.

CONCLUSION

1. The combination of hydroxyapatite and beta-tri-
calcium phosphate could contribute to inducing
both higher porosity and larger specific surface
area, and it is considered that these both factors
played a significantly role in the remarkable
bone regeneration effects.

2. BCP has been shown to have good biocompat-
ibility and osteoconductivaty and can be used to
enhance bone healing specially.

3. HyA promote bone formation and accelerated
bone regeneration.
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