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ABSTRACT

Objective: To evaluate the biological effects of coral scaffold with or without adipose derived
stem cells (ADSCs) on healing of bony defects in albino rats.

Methods: Fifty four male albino rats weighing approximately 250-300 gm were selected and
randomly divided into 3 groups. Each rat received one bone defect on the left side of mandible near
the diastema. The defects were either left empty (group A) n=18, treated with coral only (group B)
n=18 or received a combination of coral and adipose derived stem cells (group C) n=18 which were
harvested from the rats peri renal region. Bone healing was evaluated using heamatoxylin and eosin
and trichrome stain, then the results were subjected to digital image analysis followed by one- way
ANOVA statistical analysis.

Results: Bony defects received the combination of coral scaffold and stem cells show better
healing in respect to the quantity and the quality of the newly formed bone.

Conclusion: ADSCs loaded onto coral granule scaffold have ameliorating effect on the repair
of the mandibular defects in rat model.
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INTRODUCTION those bone defects, numerous techniques, such as

ing b fts, have been developed. A 1t
Bone defects in the maxillofacial region may USINE DONE STATLs, Ve beeh Ceveioped. A5 a rest

of the short comings of autografts (iliac crest and rib

be attributed to periodontal disease, osteomyelitis, grafts) due to pain and morbidity at the donor site,

trauma and cysts. The defects may occur also after
tumors removal, dentoalveolar, orthognathic and

implant surgeries. With the purpose of reconstructing

accessibility of tissue, and working in two operative
fields, and allografts such as graft rejection and
possible disease spread, synthetic bone grafts and
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autologous source of progenitor bone cells are of
great importance for bone tissue engineering.

Corals are marine invertebrates with nearly seven
thousand species and can be categorized as soft
corals (lacking inorganic structure) and hard corals.
The hard corals usually live in compact colonies of
many identical individual polyps. Calcicoblasts are
cells present on the outer layer of the corals, they
are similar to osteoblasts in producing a rigid outer
skeleton formed of calcium carbonate that protects
the organism and gives it strength. Natural sourced
ceramics such as coralline based ceramics have
been utilized in bone tissue engineering field. ¢

Natural coral skeleton (NCS) has unique
micro-topography of the surface, biocompatibility,
osteoconduction, and bioactivity that may enhance
the biodegradation and neo-osteogenesis rates.
These facts suggest using NCS as an implant for
bone defect restoration and as 3D matrices for
cultured cells for bone tissue engineering.

Coral resorption is done by osteoclasts under the
influence of carbonic anhydrase enzyme. Previous
studies have revealed that coral resorption includes
two phases: first, coral block edges become powdery
and then are liquefied into the extracellular fluid
and phagocytosed. © Coralline based scaffolds are
capable of supporting the attachment, proliferation
and differentiation of MSCs and osteoblasts. ©
Current researches show that coral is not cytotoxic
and stimulates cell growth. Seeded cells onto coral
granules exhibited good attachment, spread and
proliferation on the surface of the material.

Adipose derived stem cells (ADMSCs) are
non-hematopoietic mesenchymal stem cells that
are sourced from the adipose tissue and have
a multilineage potential. They are capable of
differentiating into many mesodermal lineages such
as bone, muscle, cartilage, and fat. They also retain
the capacity to differentiate into non mesodermal
lineage cells such as hepatocytes and neurogenic
cells under the effect of appropriate signaling
molecules and microenvironment. This mesodermal
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and ectodermal capacity means that adipose tissue
represents a source of adult stem cells that can be
utilized in the field of regenerative and replacement
medicine. &

Human fat is a good source of ADMSCs and it
is usually obtained from liposuction. ” These cells
have no immunological barriers when isolated from
the recipient and can be safely used as an autograft,
consequently decreasing the risk of tissue rejection
and infection. !V Site morbidity and low cell counts
are vastly limited due to the ease of harvesting of
ADSCs. The attainment of adipose tissue is much
more economic and less invasive than bone marrow
and the yield of stromal cells is much greater in
adipose tissue. Thus, in the perspective of cell
therapy, adipose tissue is considered as a rich, and
attractive source of donor tissue for autologous cell
replacement. ? So, coral with or without ADMSCs
may have an impact on bone defect healing.!'¥

MATERIALS AND METHODS

All the experimental procedures were performed
in accordance with Mansoura University research
ethics committee with approval number M0409109,
and according to NIH guide for the care and use
of laboratory animals eighth edition 2011. The
study was conducted in experimental animal study
laboratory of Mansoura University.

Sample size was calculated by the G*Power
(Version 3.1.9.2), with a error 5% and a power of
80%, using medium effect size 0.32, number of
groups was 3, number of measures was 3, using
ANOVA model, repeated measures within- between
interaction. A priori: Computed required sample
size was 18 subjects per group (total 54 subjects). (9

Animals

Fifty four adult male, pathogen free, white albino,
Sprague Dawley rats weighing approximately
250-300 gm and 2.5-3 months of age were used.
They were acclimatized for at least 3 days before
starting the study. The animals were housed in
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individual polypropylene cages and kept in 12h
light/dark cycles and controlled conditions (22+3°C
temperature, 55-60% relative humidity). All rats
had free access to standard pelleted diet of rodents
and tap water. The rats were randomly divided into
3 groups each rat received one bone defect on left
side of mandible near the diastema using leader®
trephine drill 3.6 mm diameter under continuous
saline flush cooling.

Group A (n=18) (negative control group):
The bone defects left empty.

Group B (n=18) (positive control group):
The bone defects filled with coral only.

Group C (n=18): The bone defects filled with
a combination of coral and adipose derived Stem
cells (topically applied). 1>

Six animals of each group were sacrificed at 1%,
4™ and 8™ week post-surgery by overdose of diethyl
ether.

Surgical procedures

All rats fasted 24 hours before the procedures,
they were anesthetized using intravenous injection
of ketamine (25 mg/kg) and xylazine (5 mg/kg)
Egyptian Inter Pharmaceutical Industries Co, 10th
Ramadan City, Egypt

e The fur on the neck area was shaved, then
disinfected using alcohol then betadine.®

* Incision was made in the skin of the mandible 2
cm in length, the area was cleaned with a gauze
till mandibular bone was exposed.

e The defects were made using trephine bur
3.6 mm in diameter under continuous saline
irrigation. After insertion of the coral granules
or the ADMSCs plus coral into the defects,
skin was sutured using non absorbable suture
3/0 with interrupted suture. Then the skin was
disinfected with betadine. Postoperatively, the
rats were on antibiotic therapy for four days,
with free access to water and standard diet.
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Coral scaffolds

Natural coral was ground by ShatterBox® ring
and puck milling machine then sieved with a sieve
shaker to acquire small particles of 1-2 mm diameter.
To remove foreign protein, the coral particles were
soaked in 5% sodium hypochlorite for three days.
Then washed with distilled water and sterilized
using autoclave.!” Acropora granules exposure
to such sterilizing conditions does not affect their
composition and structure. Coral granules were
topically loaded into the bone defect.®

Isolation and culture of rat ADSCS:

Adipose derived stem cells were isolated from
rats using the protocol done by Kuhbier JW et al
(2010) and Liu G et al (2013).1°-2

Flow cytometry

Flow cytometry was performed on a BD Accuri
C6 flow cytometer. Antibodies were purchased from
Bio Legend Europe (Fell, Germany). Expression of
the following adipose-derived stromal cell markers
was tested: CD 105, CD 13, and CD 45.

Immunophenotype Characterization of adipose
derived stem Cells

Cells were characterized using cell surface
markers by fluorescence-activated cell sorting
(FACS) analysis. The cells were stained with dif-
ferent fluorescently labeled monoclonal antibodies
(mAb). In brief, 5x10° cells (in 100ul PBS/0.5%
BSA/2 mmol/EDTA) were mixed with 10 pl of the
fluorescently labeled primary monoclonal antibod-
ies (CD45-,CD13+ and CD 105+) and incubated in
the dark at 2~8°C for 30 min. Washing with Phos-
phate Buffered saline (PBS) was done twice and the
pellet was re-suspended in PBS and analyzed imme-
diately on a BD Accuri C6 flow cytometer. A total
of 5x10° adipose derived stem cells were incubated
with (CD13, CD105, and CD45). DNA histogram
derived from flow cytometry was obtained with a
computer program for Dean and Jett mathematical
analysis.®?V
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Seeding of stem cells onto coral granules: ??

e The process of seeding the stem cells on the
coral granules was carried out in a biological
safety cabinet to ensure sterile conditions.

* At the third passage (P3), sub confluent cells
were trypsinized, and 2x10° cells were seeded
onto the coral granules. The cell suspension was
slowly pipetted onto the scaffold in a 96 well
plate to draw the suspension bi-directionally
three times.

e After incubation at 37°C for 4 h to allow the
cells to attach to the scaffold, the coral/ADSCs
composites were incubated in complete medium
for 48 hrs.

Examination Methods

1- Scanning electronic microscope (SEM) was
used to determine the adhesion of cells on the
scaffolds at day 2 after cell seeding at a density
of 2x10 * cells per scaffold in regular culture
medium. The constructs were fixed in 2.5%
glutaraldehyde, postfixed with 0.1% osmium
tetroxide, dehydrated through an ethanol series,
dried in a CO2 dryer, coated with gold, and
examined with (SEM).?¥

2- After scarification, the specimens were removed
and fixed in 10% neutral buffered formalin. Sam-
ples were decalcified using Ethylene Diamine
Tetra Acetic acid (EDTA) for histological ex-
amination. Specimens were evaluated histologi-
cally using hematoxylin-eosin and Masson’s
trichrome as special stains.

Slides were photographed using Olympus®
digital camera installed on Olympus® microscope
with 1/2 X photo adaptor, using 100 X objective.
The result images were analyzed on Intel® Core
I3® based computer using Video Test Morphology®
software (Russia) with a Specific built-in routine for
area measurement.
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Statistical analysis

1- One-way ANOVA (Analysis of variance) test
was used as data were normally distributed in all
groups. Post-hoc analysis (using LSD test) was
performed whenever the result was significant to
detect where that significant difference existed.

2- The two-way ANOVA was used to determine
whether there is an interaction effect between

two independent variables

RESULTS

Characterization of ADSCs

Adipose derived stem cells were successfully
isolated by the enzymatic method. Inspecting
the initial culture on the 7" day of isolation using
an inverted phase contrast microscope showed
few fibroblast-like cells adhered to the flask and
beginning of colonies formation that increased
by day 11, while in day 17 the colonies could
not be detected due to increased number of cells.
(Fig.1A-C) The adherent cells reached 80-90%
confluence by 21 days. (Fig. 1D)

Fig. (1): Inverted microscope photographs showing, (A) few
fibroblast-like cells adhered to the flask at the initial
culture on the 7" day of isolation and beginning of colo-
nies formation with little cells in between. (B) Cell con-
fluence on the 11" day. (C) Cell confluence on the 17"
day. (D) Cell confluence on the 21% day.(Bar= 25um)
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Fig. (2): A flow cytometry chart showing single parameter histogram for CD105 (A), CD13 (B) and CD45 (C).

Immunophenotype Characterization:

Immunophenotype characterization was
performed for the positive and negative stem cell
markers at passage 3. The flow cytometric analysis
showed positive reactions of CDI105 (96.3%),
CD13 (92.7%) to ADSCs while their clusters were

negative for CD45 (3.9%). (Fig. 2)

Attachment of adipose derived stem cells onto
coral granules:

Scanning electron microscopy imaging (SEM)
was used to examine the surface of the coral scaffold
and the attachment of ADSCs on it after 2 days of
seeding. The results showed that the scaffold had
blebs and protrusions on its surface, and that the
ADSCs attached well on the scaffold. At day two
the cells are flattened or spindle shaped sending
lamellipodia or cell processes anchoring the cells to
the rough surface of the coral. (Fig. 3)

Haematoxylin and eosin stain

e At the 1* week: In all groups the bone defect
was filled with granulation tissue composed of
inflammatory cells and blood vessels sometimes
empty spaces representing decalcified coral

granules appeared. New osteoid tissue was

beginning to be formed at the periphery of the
defect area radiating from the cavity wall in

group C

At the 4™ week: A network of thin bone
trabeculae were formed enclosing wide bone
marrow cavities lined by osteoblasts. Reversal
line is seen separating new from old bone.
Some spaces representing decalcified coral
granules may be seen as in group B. The size of
the formed bony trabeculae was larger in group
B than group A and in group C than group A&B.
The trabeculae were enclosing narrow spaces
which were smaller in group C than those

observed in groups A and B.

Fig.

(3): (A) SEM image showing rough coral scaffold surface
before seeding (3000X). (B) SEM image showing
adipose derived stem cells (ADSCs) attached onto coral
scaffold (arrow head) and sending processes (arrow)
(5000X).



(400) E.D.J. Vol. 67, No. 1

At the 8™ week: Bone trabeculae almost filled

the cavity with more osteon formation and
narrower marrow spaces than those in the 4"
week. Group B showed smaller marrow spaces
and more osteon organization and maturation
than group A. Group C showed more organized
and mature osteons than the previous two
groups with smaller marrow spaces. Reversal
line is seen separating between the new and old
bone in both group B and C. (Fig. 4)

Masson’s Trichrome stain:

At the 1% week: the amount of collagen fibers
formed in group B was more than that in group
A, and the amount formed in group C was more
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than the previous two groups with significant

difference.

At the 4™ week: the collagen fibers began to
increase and to be arranged in the form of thin
bone trabeculae radiating from the cavity wall.
The amount of increase was more in group B
than in group A and group C was more than the

previous two groups with significant difference.

At the 8" week: marked increase in maturation
occur in group Band C with marked decrease
in the amount of collagen deposition than found
at 4 weeks while group A showed increase in
collagen deposition. (Fig.5 &6) (Table 1&2)

Control

coral/ADSCs
X RN Y

1 Week

4 Weeks

8 Weeks

Fig. (4): Histopathological overview of the 3 study groups at different time points. At the first week the granulation tissue was
filling the cavity with evidence of new bone formation at the periphery of the cavity only at the coral stem cell group (A,
B, C). At the forth week: network of thin bone trabeculae lined by osteoblasts with reversal lines separating new from old
bone (A1, B1, and C1). The bony trabeculae were thicker in C1 than in A1&B1. The marrow spaces were smaller in C1
than in Aland B1. At the eighth week: new osteon formation almost filled the cavities with narrower marrow spaces than
those in the 4" week (A2, B2, C2). More organized and mature osteons with smaller marrow spaces (C2). Reversal lines
separating the new and old bone in B2and C2. (H&E staining, Bar= 25um)
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Fig. (5): Histopathological overview of the 3 study groups at different times of euthanasia. At the first week greater amount of

collagen fibers in C more than A&B. At the 4" week: New collagen fibers increased & arranged in the form of thin bone
trabeculae radiating from the cavity wall. The amount was more in C1 than in A1&B1. At the 8" week: marked decrease
in the amount of collagen deposition in C2 than in B2 &A2. (Masson’s Trichrome, Bar= 25um).

TABLE (1): Descriptive statistics (mean £SD) of the collagen fibers area percentage in the three study groups

Trichrome 1 week 4 week 8 week
Control 0.40°+0.05 471¢+0.55 5.29*+0.60
Coral 0.59°+0.07 9.29*+0.54 0.52°+0.06
ADSC 0.81*+£0.06 12.96* + 0.83 0.24*+0.07

F 36.945 120.065" 196.522"

p <0.001" <0.001" <0.001"

Means with Common letters are not significant (i.e. Means with Different letters are significant)

Data was expressed by using (Mean + SD).

F: F for ANOVA test, Pairwise comparison between each 2 groups was done using Post Hoc Test (Tukey) P: p value for

comparing between the studied groups *: Statistically significant at p < 0.05
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TABLE (2): Descriptive statistics (mean + SD) of the collagen fibers area percentage in each studied group

Trichrome 1 week 4 week 8 week F p
Control (n=3) 0.40°+0.05 4.71*+0.55 5.29*+0.60 96.280" <0.001"
Coral (n=3) 0.59*+0.07 9.29*+0.54 0.52° +0.06 763.119" <0.001"
SC (n=3) 0.81°+0.06 12.96*+0.83 0.24*+0.07 667.607" <0.001"

Means with Common letters are not significant (i.e. Means with Different letters are significant)

Data was expressed by using (Mean + SD.)

F: F for ANOVA test, Pairwise comparison between each 2 groups was done using Post Hoc Test (Tukey) P: p value for
comparing between the sub groups *: Statistically significant at p < 0.05.

( )

u Control
u Coral
usSC

Mean of trichrome
=} =]

'S

5}

L 1 week 4 week 8 week )

Fig. (6) Bar chart for Masson’s Trichrome positively stained
area percentage for different groups at different time
points.

DISCUSSION

In the present study, we assessed both the
ability of Acropora coral scaffolds to support
ADSCs growth in vitro and the potential of such
cell-containing constructs to enhance new bone
formation in mandibular defects in a rat model. Our
scanning electron microscope (SEM) results showed
that ADSCs adhered well and sent processes when
loaded on Acropora scaffold granules in vitro. This
was in agreement with Puvaneswary et al (2013)
who reported that Cell attachment on coral scaffold
was observed to be randomly distributed and that the
scaffold had roughened blebs and protrusions on its
surface.®¥ Webb K et al (2000) also demonstrated
that the behaviour of the cells on a certain scaffold

such as attachment efficiency, spreading, fiber
formation, and cell migration is dependent on
the positive effect of the surface chemistry of the
scaffold material which means that coral in this
study has a positive effect on the cells . ®>

In the present study, results of H&E stained
sections for the control group revealed normal
healing sequence of the created osseous defect
starting by the formation of granulation tissue
followed by newly formed thin interconnecting bone
trabeculae which displayed progressive thickening
by the end of eight weeks. These results were in
accordance with Chin et al. (2013) who studied
the relationship between hypertension and healing
of rat mandibular bone defects.?® Trejo-Iriarte et
al. (2019) had reported similar findings in a study
performed to evaluate bone regeneration in a critical
size bone defect model in the jaw of healthy rats and
the influence of gender and defect location on bone
regeneration.?”

Results obtained from coral treated group
revealed that the healing process of the bone defect
was better than the control group in terms of amount
of bone formation, level of newly formed collagen
fibers. These results were consistent with the
histological results of kim et al. (2005) which used
coral as bone graft substitute to treat intra-bony
defects in dogs.®®Radiological results of Emara SA
et al. (2013) Showed that corals have a stimulating
effect on bone healing and that more examination is
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necessary to determine bone healing at the cellular
level. It also reported that ossification starts in 1-2
weeks, and defects are filled and reorganized in 6-8
weeks. @9

It is established that, in vivo, coral scaffolds
are resorbed by a combination of physicochemical
attributed  to attack,
especially carboanhydrase and osteoclast-like cell-

dissolution enzymatic
mediated degradation with only about 5% of the
released calcium remaining at the degradation site
the other 95% ending in the circulation.®® 1In the
present study very minute areas of coral remnant
were seen after 4 weeks which may be attributed to
the granule form selected and we believe that this
rate was consistent with the rate of bone formation
and even it was accelerated this was in accordance
with the results confirming that scaffold that enables
complete bone regeneration must exhibit a rate of
resorption that is finely tuned to bone apposition ¢V
and also in accordance with Petite et al. (2000)
who reported that in vivo resorption of coral could
be detected radiographically after a few weeks of
implantation ©?, other study also reported that The
rapid degradation of coral diminish the potential
risks associated with long-term foreign-body
sequestration .¢?

The presence of calcium, resulting from the
degradation of the coral could favor local osteo-
blast proliferation and differentiation, extracellular
matrix mineralization, and increase expression of
growth factors ¥

Coral scaffold also contain magnesium as a
part of its chemical composition. It also has a
role in enhancing the osteogenic differentiation of
ADSC s, as revealed in a study by Cecchinato et
al. (2015), where magnesium was used as coating
for mesoporous titania. The alkaline phosphatase
activity test results of the same study revealed the
osteogenic potential of magnesium. It also revealed
that coral provides high concentration of phosphate
at the sites of mineral depositions. ¢
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Meanwhile, it is noteworthy that degradation
rate of coral was variable. The difference in foreign
body response as well as osteoclast recruitment and
activity in the recipient may account for the variable
degradation of coral between several studies.®® It
was reported also that difference in cutting direction
may be responsible for the variation of mechanical
properties in each coral product.®® This is why we
used coral in the granule form as the cavity formed
is not a large one also as a trial to speed up the
degradation rate and also to give enough space to be
satisfactory for stem cells, osteoblasts and vascular
invasion.

Regarding coral plus ADMSCs treated group,
we found that the healing process was better at
all-time points regarding the quality and quantity
of bone that exceeded those of the control and
coral groups. Masson Trichrome stain results of
coral combined with stem cells at the first weeks
showed that collagen fiber deposition was more
than that in coral group thus supporting the idea of
the synergic effect between ADSCs and coral. This
was consistent with the results of Hou et al. (2007)
where ADSCs seeded onto coral were used to repair
a cranial defect in rabbits©”

The enhanced osteogenesis in this group may
be attributed to several factors the first one is the
use of ADSC as it was purposed that the initial
presence of MSCs stimulates bone formation by
inducing vascularization. Byung-Jae Kang et al.
(2010) studies showed that bone matrix deposits
formed by ADSC was larger than those formed by
other MSCs like BMMSC and umbilical cord stem
cells. ADMSCs may also affect bone formation by
releasing factors that stimulated the induction and
migration of cells in the surrounding bone. ¥

Our study emphasize the importance of the
combination of suitable scaffold with the appropriate
celltype for bone regeneration, coral granules offered
good biocompatible medium for cell attachment,
proliferation, ECM deposition which supported in
vivo bone regeneration, it offered also a good rate
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of calcium release due to rapid degradation which
improve the osteogenesis process together with the
stem cells. These results were in accordance with
Birk et al. (2006) who observed that preadipocytes
grown on coral scaffold differentiated into bone-
forming cells without addition of any bone
morphogenesis inducers .*%

CONCLUSION

In conclusion, the current study demonstrates
that addition of ADSCs to coral granules have
synergistic effect on osteogenesis and could enhance
the repair process of mandibular bone defects in rat
model.
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HIGHLIGHTS

e Large bone defects need scaffold for rapid
healing.

e Coral scaffold contains calcium and magnesium
that could enhance osteogenesis.

* Addition of adipose stem cells to coral enhanced
osteogenesis in bone defects.

e The bone formation and maturation were
enhanced as revealed by trichrome results.
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