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ABSTRACT  

INTRODUCTION: Critical sized bone defects do not heal completely by themselves and require intervention by using bone grafts 
or scaffolds. Chitosan (CS) is a widely used biomaterial for bone regeneration. Ginkgo biloba (GB) leaf’s extract is thought to be 
effective in stimulating bone cells differentiation. Polylactic-co-glycolic acid (PLGA) nanoparticles are commonly used as drug 
delivery vehicles. The PLGA nanoparticles were loaded with GB and incorporated in CS sponge scaffold. 
OBJECTIVES: To evaluate the effect of GB loaded PLGA nanoparticles incorporated in CS scaffold on healing of critical sized 
bone defects in rabbit. 
MATERIALS AND METHODS: eighteen adult male New Zealand rabbits were randomly divided into 3 equal groups (six 
rabbits each): Group A (Control group), Group B (CS group) and Group C (GB+PLGA+CS group). Critical sized bone defects were 
performed in the edentulous area of rabbit mandibles (diastema). Group A: defects were left empty, Group B: defects were filled 
with unloaded CS scaffold, while in group C: defects were filled with CS scaffold incorporated with GB loaded PLGA 
nanoparticles. Animals were euthanized four weeks after surgery and the results were evaluated histologically and 
histomorphometrically. 
RESULTS: GB loaded scaffold had a great effect on promoting regeneration of bone within the defects. 
CONCLUSION: the GB loaded CS scaffold is effective in bone regeneration and the GB extract has an osteoinductive potential. 
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INTRODUCTION 
One of the most challenging things in the clinical 
practice is restoration of critical sized bone defects that 
may result from injuries, infections, tumors and 
resection surgeries (1). They can be defined as defects 
that do not heal spontaneously during the lifetime of 
the animal, they exhibit restricted bone formation at 
the peripheral defect margins and may become filled 
with fibrous tissue (2). 
Autografts are considered to be the “gold standard” 
for repair and reconstruction of large bone defects 
but they have some limitations as they require a 
second surgery at the donor site, and they also 
provide insufficient supply (3). 
The limitations of autografts may be overcome by 
using Allografts and xenografts. However, those 
alternatives have the possibility of eliciting an 
immune response and rejection by the body as well 
as pathogens exposure (4). 

  
 
As the field of tissue engineering develops, 
scaffolds are becoming widely used as an 
alternative to allografts and  
autografts owing to exhibiting less antigenicity and 
lack of secondary traumatic approach (5, 6). 
Scaffolds used for this  
process should mechanically support the 
regenerating tissue, be able to deliver bioactive 
agents, and fit well in defect to restore functional 
anatomy (7). 
Scaffolds derived from natural polymers such as 
collagen, fibrin and chitosan are widely used for 
bone regeneration. CS is a highly versatile, 
biocompatible and biodegradable biomaterial (8, 9). 
CS scaffolds has been widely utilized in bone tissue 
engineering as they exhibit osteoconductivity in 
surgically created bone defects allowing the 
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adhesion and proliferation of bone-forming 
osteoblast cells (10, 11). 
Chitosan can be processed in several ways and 
fabricated into various forms like films, fibers, 
membranes and sponges (12). However, studies 
have shown that CS should be integrated with other 
biomaterials in order to achieve superior 
mechanical and biological properties (13). 
Integrating bone tissue-engineered scaffolds with 
osteoinductive factors is very important to enhance 
their osteogenic potential. Incorporating scaffolds 
with growth factors especially bone morphogenetic 
proteins render them osteoinductive. However, 
growth factors are very expensive and may elicit 
inflammatory reactions (14). 
Ginkgo biloba is one of the oldest species of trees 
that originates from China and contains flavonoids, 
terpene, and organic acids in its leaf extract. The 
standardized extract of GB is known as EGB761, 
which lacks components that may cause toxicity or 
allergy, it is widely promoted because of its 
antioxidant and anti-inflammatory effects (15, 16). 
Ginkgo biloba was found to be effective in 
stimulating the proliferation of osteoblast-like bone 
cells and protecting them against free-radical 
damage, it also promotes osteoblast differentiation 
and anti-osteoclastic activity in vitro (17, 18). 
There is a significant difficulty in delivering such 
compound to the target site and using it locally in 
bone defects which reduces its effectiveness. To 
overcome these obstacles, drug delivery systems 
have been developed to allow delivery of biological 
agents to the target tissues without influencing the 
non-targeted sites and without undesirable side 
effects (19). 
Polylactic acid-co-glycolic acid is an FDA 
approved synthetic polymer that can be used as a 
carrier or a drug delivery vehicle in a form of 
nanospheres or microspheres owing to their great 
biocompatibility, controllable biodegradability, and 
excellent interaction with biomolecules (20). 
Polylactic acid-co-glycolic acid is a combination of 
the polymers polylactic acid (PLLA) and 
polyglycolic acid (PGA) and it’s one of the most 
commonly used biodegradable polymers in tissue 
engineering applications. The higher the ratio of 
PGA within a PLGA scaffold, the faster the 
degradation rate. The byproducts of its degradation 
are less acidic and nontoxic (21). 
In the present study, CS scaffold was fabricated in a 
sponge form and incorporated with GB-loaded 
PLGA nanoparticles (22). Studies available about 
using this scaffold in vivo in bone defects 
regeneration are limited. Thus, the present study 
aims at clarifying this point by evaluating its 
biological effect on healing of mandibular critical 
sized bone defects in rabbits. 
The null hypothesis in the present investigation 
proposes that there will be no significant difference 
between the newly fabricated GB loaded PLGA/CS 

scaffold compared to the unloaded CS scaffold and 
the control group regarding healing of mandibular 
critical sized bone defects in rabbits 

MATERIALS AND METHODS  
This study design was approved by the Ethical 
Committee of Faculty of Dentistry, Alexandria 
University. The approval number by the ethical 
committee is 0203 and IORG 0008839. 
Experimental animals 
18 adult male rabbits were used in this study. 
Animals were obtained from the animal house of 
Medical Research Institute, Alexandria University. 
They were kept under the same environmental 
conditions in the experimental animal house. 
Rabbits were randomly assigned by using computer 
generated random numbers (23) to one of three 
equal groups (6 rabbits each) (24): 
Group A : Negative control, where critical 
sized bone defects were left empty. 
Group B :  Positive control, defects were 
filled with unloaded CS scaffold. 
Group C :  Study group, defects were filled 
with GB loaded PLGA nanoparticles incorporated 
in CS scaffold in a sponge form. 
Materials 

1- GB fluid extract obtained from  Nature’s Answer 
company (NY, United States). 

2- CS scaffold and (GB/PLGA/CS) scaffold were 
prepared and purchased from Nano Gate© 
company (Nano Gate, Nasr city, Cairo, Egypt). 

3- Trephine surgical bur purchased from MCTBIO 
Co. (South Korea). 

Surgical procedure  
General anesthesia was induced by an intramuscular 
injection of a combination of 25mg/kg weight 
ketamine and 5mg/kg body weight xylazine. The 
edentulous alveolar ridges of the mandible between 
the incisor and the first posterior tooth (diastema) on 
the right side of each rabbit were selected for the 
surgical site. Full mucoperiosteal flaps were raised and 
Osseous defects (3 mm length x3mm width x3mm 
depth) were prepared using a sterile trephine surgical 
bur under water cooling system to make sure that all 
the defects would have standardized size and shape. 
The bone defects performed in each animal were 
washed out with sterile saline and left empty in group 
A, filled with CS scaffold in group B while in group C 
defects were filled with GB/PLGA/CS scaffold. After 
the surgical procedure, rabbits were monitored for any 
symptoms and the operative sites were monitored 
daily. All rabbits were given broad-spectrum 
antibiotics in a form of intramuscular injection and 
diclofenac sodium IM analgesic every eight hours for 
the first two days following surgery (25). 
Euthanasia 
 Rabbits were euthanized after four weeks (N=18 
rabbits) by intravenous injection with a lethal dose 
(100 mg/kg) of pentobarbital sodium. The rabbits 
were decapitated, and the mandibles were dissected 
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out. In each group, mandibular specimens were 
prepared for histological evaluation by light 
microscope and histomorphometric analysis (26). 
Scanning electron microscopy (SEM) 
Characterization of the scaffold  
The morphology of the unloaded CS and the 
fabricated (GB/PLGA/CS) scaffold was examined 
with scanning electron microscopy (Faculty of 
Science, Alexandria University). The scaffolds 
were cut by a razor blade and mounted on 
aluminum stubs with conductive paint and then 
sputter-coated with gold for examination (22). The 
structural morphology of CS scaffold as well as 
GB/PLGA/CS scaffold showed a porous 
microstructure including macro and micro pores 
that appear to be interconnected and randomly 
oriented.  
(Figure 1 and 2) 

 
Figure 1: SEM of CS scaffold showing highly 
porous structure with randomly oriented and 
interconnected pores (x200).  

 
Figure 2: SEM of GB/PLGA/CS scaffold showing 
highly porous trabecular like structure with 
randomly oriented and interconnected pores 
(x200).  

Characterization of the PLGA nanoparticles 
The size and shape of GB-loaded PLGA 
nanoparticles were determined using Transmission 
Electron Microscope (TEM) (Faculty of Science, 
Alexandria University) (22). The TEM image 
showed spherical particles with regular outline and a 
smooth surface. Average particle size ranging from 
100-125 nanometer. (Figure 3) 

 
Figure 3: TEM of PLGA nanoparticles suspension 
showing that the nanoparticles are spherical and 
regular in shape with average particle size ranging 
from 100-125 nm. Scale bar 100 nm. 

Histological examination 
Specimens were fixed in 10 % neutral-buffered 
formalin, washed, decalcified with 8% trichloroacetic 
acid, dehydrated with ascending concentrations of 
ethanol, cleared with xylene, and embedded in 
paraffin wax blocks. Mesio-distal sections of the 
mandibular defects were cut at a 4 μm thickness and 
stained with Hematoxylin and Eosin (H&E). Sections 
were examined by light microscope for histological 
evaluation of bone healing (27). 
Histomorphometric measument 
Computer assisted histomorphometry was 
performed in H&E sections in order to measure the 
percentage of newly formed bone surface area 
compared to the total surface area of the osseous 
defect after 4 weeks in pixels of 40x magnification 
in the different groups by using image J software 
analyze system (28). 
Statistical analysis  
Data of the histomorphometric measurements were 
analyzed using IBM SPSS software package 
version 24.0. Comparison between the three 
groups was done by using F-test (ANOVA) 
followed by post hoc test to compare between each 
two groups. Data were expressed as mean and 
standard deviation; significance of the results was 
judged at the 5% level. 

RESULTS 
1. Histological results 
Group A: Control group  
The control group images showed newly formed 
woven bone along the peripheral areas of the 
defect with large number and size of osteocytes as 
well as irregular course of collagen fibers. The 
central part of the defect appeared empty with no 
bone formation. A line of demarcation denoting 
fusion between the newly formed bone and the 
native bone. (Figure 4A and 4B) 
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Figure 4: LM (control group), A: showing; newly 
formed bone in the peripheral areas of the bone 
defect. Note the line of demarcation (arrows) 
between newly formed bone (NB) and native bone 
(nb). (H&E stain X 40). B: showing; newly formed 
woven bone in the bone defect. Note the presence 
of large number and size of osteocytes (black 
arrows) and the irregular course of collagen fibers 
of the newly formed bone (dashed arrow). (H&E 
stain X400). 

Group B: CS group 
The CS scaffold was partially replaced by fibrous 
tissue and newly formed bone at the peripheral 
parts of the defect. The walls of the defect were 
lined by voluminous active osteoblasts and 
numerous osteocytes, while the central part of the 
defect was occupied by the CS scaffold.  
(Figure 5A and 5B) 

  
Figure 5:  LM (CS scaffold group). A: 
showing; the chitosan scaffold (black arrow) 
occupying the central part of the defect and it is 
partially replaced by fibrous tissue (asterisks) and 
newly formed bone (NB). nb=native bone. (H&E 
stain X40). B: showing, the newly formed bone 
lined by voluminous osteoblasts (hollow arrows) 
and contains numerous osteocytes (black arrows). 
(H&E stain X400). 

Group C: GB/PLGA/CS group 
The scaffold was partially replaced and surrounded 
by abundant amount of newly formed bone with 
primary osteons and several reversal lines. 
Voluminous osteoblasts were also noted. The 
central part of the defect was filled with the 
GB/PLGA/CS scaffold which has a trabecular like 
structure. More amount of bone and less fibrous 
tissue are surrounded the scaffold compared to 
group B. (Figure 6A and 6B) 

 
Figure 6:  LM (GB/PLGA/CS scaffold group), A: 
showing; the material (black arrow) is partially 
replaced and surrounded by abundant amount of 
newly formed bone (NB). (H&E stain X40). B: 
showing, newly formed bone with   numerous 
primary osteons and reversal lines. Note the 
presence of voluminous osteoblast cells (arrow 
heads). (H&E stain X400). 

 
2. Histomorphometric and statistical analysis 
The percentage of the bone surface area formed 
within the defect was measured in the three groups 
which was demonstrated in Table (1). All groups 
showed new bone formation within the defect. The 
percentage of bone was higher in both the CS 
group and the GB/PLGA/CS group compared to 
the control group and the difference was 
statistically significant for the GB/PLGA/CS group 
(P<0.001) and not significant for the CS group 
(P<0.09). More bone was formed in the 
GB/PLGA/CS group compared to the empty CS 
group. However, the difference was statistically 
insignificant (P<0.18). (Table 1) 
Table (1):   The percentage of the bone surface 
area formed within the defects in the three groups. 

 
Control 
group 

CS 
scaffold 

GB/PLGA/CS 
scaffold 

Mean 37.05 48.41 58.86 
S.D.  4.42 16.24 13.64 
ANOVA 
P value  0.002* 
P1 
P2 
P3  

0.09 
 
 

         0.001* 
0.18 

P was significant if < 0.05 
P1 comparison between control group and CS 
scaffold 
P2 comparison between control group and GB-
PLGA-CS scaffold group  
P3 comparison between CS scaffold and GB-
PLGA-CS scaffold group  

DISCUSSION 
The ideal scaffold for bone tissue engineering 
should not only serve as a matrix for cell adhesion 
and proliferation, it should also contain 
osteoinductive factors that induce the 
differentiation of bone forming cells (14). The CS 
scaffold was incorporated with GB-loaded PLGA 
nanoparticles to allow the delivery of GB to 
promote the osteogenic potential of the scaffold. 
The present study showed that using the GB 
loaded CS scaffold is an effective approach for 
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bone regeneration. The great regenerative capacity 
of the scaffold was evaluated and confirmed in 
vivo by promoting bone regeneration within a 
3x3x3-mm rabbit mandibular bone defect. 
Ginkgo biloba leaf’s extract is widely used for the 
treatment of various bone related diseases (29). 
However, systemic administration of GB is limited 
by low drug availability and relatively short half-
life (30). In order to enhance drug bioavailability 
and avoid undesirable effects, GB was 
encapsulated into PLGA nanoparticles that allows 
sustainable and controlled release of GB extract at 
the target site of action (31). 
The obtained nanoparticles were regular and 
spherical in shape with smooth surface which was in 
agreement with previous studies done by Ezirganlı S 
et al. and Li Y et al. (2, 31). 
The osteogenic potential of the GB-loaded CS 
scaffold was assessed using critical-sized bone 
defects in rabbit mandibles, since it is a reliable 
technique to evaluate the effect of such material on 
bone regeneration (26). Four weeks following the 
surgical procedure, the histological sections 
showed evident bone regeneration and active bone 
formation in both unloaded and GB loaded CS 
scaffold groups with more abundant bone 
formation and less fibrous tissue encapsulation in 
the GB/PLGA/CS scaffold group. These results 
coincide with the results of previous studies 
performed by Oh SM et al. and Lucinda et al. 
which indicated respectively that GB extract 
stimulated the in vitro differentiation of osteoblast 
cells and inhibited their apoptosis by increasing the 
expression of the anti-apoptotic protein called Bcl-
2 protein (18, 32). GB extract was also found to 
promote healing of bone fractures, possess an anti-
osteoporotic activity, and it inhibits osteoclastic 
bone resorption (29, 33). 
Quantitative results yielded from 
histomorphometrical analysis showed the positive 
effect of GB loaded scaffold on bone regeneration 
with the highest percentage of newly formed bone 
within the defect compared to the control group 
and the unloaded chitosan group and this may be 
attributed to the synergistic effect of the CS and 
the GB extract released from the nanoparticles. 
And these results come in agreement with Sun et 
al. who indicated that the osteogenic potential of 
the scaffolds should be enhanced by combining 
them with osteoinductive agents (34). 
The histological sections also indicated the 
presence of the scaffolds inside the bone defects as 
they are only partially degraded at this point, and 
they require more time to be fully degraded after 
implantation in vivo. Chitosan scaffolds require 
few months to fully degrade depending on the 
processing and deacetylation from chitin polymer. 
Higher deacetylation would lead to slower 
degradation and vice versa (35). However, the 
scaffold should not degrade too fast in order to 

perform its action and it’s not meant to stay in the 
defect for a very long time as it hinders healing 
and regeneration (36). 

CONCLUSION  
This study verifies that the CS scaffold incorporated with GB 
loaded PLGA nanoparticles is effective in bone regeneration 
owing to the osteoinductive potential of GB extract. Thus, this 
triad maybe promising for treating critical-sized bone defects. 
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