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ABSTRACT

Background: Delayed wound healing is one of the major complications of diabetes. The aim
of the present study was to enhance bone regeneration in extraction sockets of diabetic rats through
controlled release of bone morphogenetic protein-2 (BMP-2) from 2 types of bioactive glass scaf-
folds

Methods: Ninety male Albino rats were utilized in this study. Diabetes was induced by 4 daily
intraperitoneal injections of streptozotocin. The first right mandibular molar was extracted for all
rats. The rats were randomly assigned into three groups (GI, GII and GIII) (30 rats each) according
to the date of sacrifice 3,7 and 9 days after extraction. The three main groups were subdivided into:
Control subgroup (Con), Mg (Mg) and Zn (Zn) Bioactive glass subgroups. The bone regenera-
tive efficacy of the scaffold materials were evaluated histologically, immunohistochemically and

histomorphometrically.

Results: A significant increase in the newly formed bone area percentage has been recorded in
the Zn subgroup more than the Mg subgroup within GII and GIII where (P<0.001). The immuno-
histochemical results revealed a significant increase in vascular endothelial growth factor (VEGF)
expression within GI and GIII subgroups where (P=0.002 and P=0.001) respectively. On the other
hand there was a non significant increase in VEGF expression between GII different subgroups
(P=0.267).

Conclusions: Mg and Zn enriched bioactive glass mixed with BMP-2 were capable to enhance
wound healing and bone formation in extraction sockets of diabetic rats. Zn bioactive glass was

more effective as it enhanced angiogenesis in the healing sockets.

KEYWORDS: Mg bioactive glasses; Zn bioactive glasses; Scaffolds; Extraction sockets;
Streptozotocin induced diabetic rats.
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INTRODUCTION
Diabetes affects hundreds of millions of

people in the world. Impairment in the wound
healing process has been documented as one
of its major complications. Multiple complex
pathophysiological mechanisms are involved in
this. Diabetes is associated with a situation of
hypoxia, which may be derived from insufficient
angiogenesis. Hypoxia can exaggerate the early
inflammatory response that leads to prolonged
injury by increasing the levels of reactive oxygen
species (ROS). 12 Tt should be mentioned that the
two actions are closely related, as oxidative stress
can lead to inflammation and vice versa.

Furthermore, diabetic hyperglycemia leads to the
formation of advanced glycation end products that
interact with their receptors. This interaction causes
the generation of more ROS that subsequently
impaired the wound healing as well. ® Diabetes
is also associated with high levels of matrix
metalloproteinase which leads to tissue destruction
and inhibits normal repair process. ¥

It has been documented that the defective
vasculatures in diabetic patients is greatly influenced
by the decrease of vascular endothelial growth
factor (VEGF) which is the primary pro-angiogenic
factor in wounds. ¢

Tooth loss is frequently accompanied by a
progressive alveolar bone resorption, a situation that
triggers bone ridge atrophy and causes difficulty to
the placement of conventional or implant-supported
prostheses. In addition, the osseo-integrated
implants can barely or not be installed at all. 7'
Therefore, preservation of the alveolar process
in areas of tooth loss and adoption of procedures
that minimize bone loss or recuperate the desirable
alveolar ridge dimensions are important goals in
dental practice.

A variety of synthetic materials have been used
to fill bone defects and stimulate osteogenesis;
among them are the bioactive glasses (BG), which
are silica-based, surface-active compounds with
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the ability to bond directly to bone and exert an
osteoconductive property. D

Bone morphogenic protein (BMP) is known
as an endogenous growth factor, binding to cell
surface receptor that is likely to play a crucial
role in osteoblast stimulation and resulting in
bone formation. ' BMP can be efficiently loaded
and released from BG scaffolds and composites.
It is obvious that BG significantly influences the
loading, release of drugs and growth factors. The
drug delivery by BG is not only affected by its pore
structure, but also the preparation methods. 19

Zinc (Zn) is an essential micronutrient mineral
that functions as a catalytic, structural and regulatory
ion necessary for many important biological
processes.!¥ They include growth, development,
neurological regulations, immune function and
transcription processes. ' It has been reported that
zinc could work as an anti-inflammatory molecule,
antioxidant molecule, or both. ('©

Magnesium (Mg) plays an important role
in blood pressure regulation by modulating
vascular tone and reactivity. In vitro studies have
demonstrated that magnesium acts as a calcium
channel antagonist "7'® and it has also been shown
to stimulate prostacyclin production.2%

The purpose of the present study was to compare
the healing potential of bioactive glass enriched
with magnesium versus that enriched with zinc both
loaded with BMP-2 in extraction sockets of diabetic
Albino rats.

MATERIALS AND METHODS

Material preparation

82 ml of Tetraethyl orthosilicate (TEOS) was
hydrolyzed in 500 ml distilled water and 500 ml
ethanol for 1h at room temperature at pH 2. Addition
of 52.5g of Ca nitrate on the above mentioned
solution with continuous stirring was performed
for 30 min. In order to prepare two nano-bioactive
glass scaffolds incorporated with Mg or Zn,
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a 9544 g of Mg(NO3)2.6H20) or a 54.81g of
(Zn (NO3)2.6H20) was added to the above mixture
with continuous stirring for 30 min (A). Dissolving
of 4.25 g of ammonium dihydrogen phosphate in 400
ml of distilled water was performed (B). Titration
of B on A with continuous stirring overnight was
held. Both materials were dried at 80°C for 2-3 days
and fired at 600 °C for 3 h. The Oxide composition
(weight %) of Magnesium bioactive glass (Mg BG)
and Zinc bioactive glass (Zn BG) was CaO: 35;
P205: 5;S102: 45. However Mgo: 15 (for Mg BG)
and ZnO: 15 (for Zn BG).

Scanning electron microscope (SEM) (Quanta
Field Emission Gun 250, FEI Company, USA),
attached to an EDX Unit, with an accelerating
voltage of 200 V- 30 K.V was used to investigate the
morphology of the nano particles. The Mg bioactive
glass powder had an average particle size of 29+3
nm while the Zn bioactive glass powder had an
average particle size of 13+3 nm (Fig.1).

Experimental animal:

Ninety male Albino rats ranging from 150-200
gm were utilized in this study. The animals were
housed in separate cages in a room with a 12-h day—
night cycle, temperature of 24 + 2°C and relative
humidity of 70-80%. All animals were fed with
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standard pellets diet and tap water ad libitum for
10 days before the start of the experiment. The
experimental protocol was reviewed and approved
by the Ethics Committee of the Faculty of Dentistry,
Cairo University, Egypt.

Induction of diabetes and assessment of hyper-
glycemia

Diabetes was induced by 4 daily intraperitoneal
injections of Streptozotocin (STZ) (35 mg/kg;
TOKU-E Ltd. company, Bellingham, WA, USA)
diluted into 2 ml of sterile citrate buffer (pH 4.5).
Additional control mice were used and injected
with citrate buffer alone. Daily monitoring of blood
glucose levels was performed for all rats using
Freestyle glucose meter (Abbott Laboratories,
Illinois USA), until the end of the experiment.
Animals whose blood glucose level exceeded 200
mg/dl were considered diabetic. Furthermore, non-
fasted whole blood (0.05 mL) was collected from
the tail vein, seven days after the first injection of
either streptozotocin or citrate buffer. Plasma was
separated and the glucose level was assessed using
glucose oxidase method (Sigma). This was repeated
3 days later to ensure that all the rats had became
diabetic.

MAG. X 200 K 80 K,V

Fig. (1) SEM micrograph showing the nanostructure of Mg bioactive glass [A] and Zn bioactive glass [B].2.2. Animals
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Teeth extraction

For all rats the first right mandibular molar
was extracted under general anesthesia induced by
intraperitoneal injection of Xylazine hydrochloride
(2 mg/kg) and Ketamine hydrochloride (20 mg/kg).
Extraction was performed using a curved hemostat
with a gentle bucco-lingual movement.

Animal grouping

The rats were randomly assigned into three
groups (GI, GII and GIII) (30 rats each) according
to the date of sacrifice 3,7 and 9 days after
extraction. The three main groups were further
subdivided into three subgroups (10 rats each):
Control subgroup (Con) their extraction sockets
were left untreated without any material, Mg and
Zn Bioactive glass subgroups their extraction
sockets were immediately filled with either Mg or
Zn Bioactive glass respectively mixed with BMP-
2 (Sigma-Aldrich Co. St. Louis, Missouri, USA)
(2 pg/pl in phosphate-buffered saline solution, pH
7.4) to form a paste. The animals were sacrificed by
intravenous overdose of pentobarbital sodium. Then
the mandibles were carefully dissected and the right
side of each mandible was separated.

Histopathological analyses

All the specimens were fixed in 10% calcium
formol for 48h, washed and soaked in10% EDTA
for decalcification for 4 weeks and then rinsed in
distilled water. Specimens were dehydrated in
ascending grades of alcohol and embedded in
paraffin. Sagital, mesiodistal sectioning of the jaws
was carried out. Histological sections were prepared
of 5u thickness. A set of sections were subjected
to H&E staining for routine examination and to
Masson’s trichrome stain for detection of collagen.

Immunohistochemistry

Another set of sections were incubated in hot
oven for 2 hours at 56°C, deparaffinized in xylene
and rehydrated by ethanol series ending with pure
H,0 (Millipore Corporation, Temecula, CA, USA).
After 5-minutes washing in phosphate buffer saline
(PBS), unmasking of the antigens was carried out
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using antigen retrieval citrate buffer solution for 10
min in boiling water. Then the sections were placed
in a humid chamber and the endogenous tissue per-
oxidase was blocked with 3% hydrogen peroxide
for 5 min. Incubation with bovine serum albumin
for 20 min was performed to reduce unwanted non-
specific reactions. Without washing, the sections
were incubated with the primary antibodies over-
night at 4°C. (anti-vascular endothelial growth fac-
tor VEGF) (Millipore Corporation, Temecula, CA,
USA) with dilutions 1:100. In the next day, after
washing in PBS, the sections were incubated with
secondary universal antibody (Vectastain Universal
Elite ABC- peroxidase kit, Vector Laboratories) and
then with the Avidin-Biotin complex (ABC) (Vecta-
stain Universal Elite ABC kit, Vector Laboratories,
Burlingame, CA, USA) according to the manufac-
turer’s protocol. The substrate 3,3’-diaminoben-
zidine (DAB) was applied for the same amount
of time on all labeled sections until development
of desired brown color. Finally, the sections were
counter-stained with Mayer’s hematoxylin (Sigma,
St. Louis, MO, USA) for 30 sec. to visualize tis-
sue topography. The negative control was obtained
by omitting the primary antibody from the protocol
outlined above.

Histomorphometric analyses

The data were obtained using Leica Qwin 500
image analyzer computer system (England). The
area and the area percentage of newly formed bone
trabeculae were measured using an objective lens
of magnification 20x (total magnification of 200)
in the heamatoxylin and eosin sections. The area
percentage of VEGF expression was measured using
an objective lens of magnification 40 x, i.e. of a total
magnification of 400. Ten fields were measured
from each specimen of the study nine subgroups.
Using the color detect, areas were masked by a blue
binary color. The area percentage was calculated
in relation to a standard measuring frame of area
118476.6pm?. The terminology and units used are
those recommended by the Histomorphometry
Nomenclature Committee of the American Society
for Bone and Mineral Research.
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RESULTS
Histological results

Group I (3 days after extraction)

The whole extraction sockets of GI subgroups
were presented in (Fig. 2 A,D,G). The socket of
control subgroup was filled with dense fibrous
connective tissue as well as granulation tissue
(Fig. 2 A). Spicules of calcified cartilage, calcified
bone matrix and cartilage cells were formed
upon the fibrous connective tissue (Fig. 2 B). The

newly formed collagen fibers were evidenced
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(Fig. 2 B,C). Mg subgroup socket was also filled
with the dense fibrous connective tissue (Fig. 2
A) but with a relative increase in the amount of
hypertrophic cartilage cells (endochondral bone
formation) (Fig. 2 E). Calcified bone matrix and
calcified cartilage were revealed in this subgroup
(Fig.2 E). The newly formed collagen could be seen
in (Fig. 2 E, F). Remnants of the graft material were
noticed in Zn subgroup embedded in between the
highly cellular and vascular granulation tissue (Fig.
2 H). Woven bone was formed at the base of the
socket (Fig. 2 H,I).

r

Fig. (2) A photomicrograph of GI (3 days after extraction); Control subgroup [A]: showing the whole socket filled with dense

connective tissue (CT) and granulation tissue (GT) as well as the adjacent tooth (AT) . Control subgroup [B]: showing

spicules of calcified bone matrix (arrow heads) and calcified cartilage (CC). Inset: showing cartilage cells (Cg). Control

subgroup [B.,C] showing GT, newly formed collagen fibers (arrows). Mg subgroup [ D]: showing the whole socket filled
with CT and the adjacent tooth (AT). Mg subgroup [E]: showing CC, calcified bone matrix (arrowheads) and Cg. Mg
subgroup [E, F]: showing newly formed collagen fibers (arrows). Inset: showing CC, hypertrophic Cg and calcified bone

matrix (arrowheads). Zn subgroup [G]: showing the whole socket with the adjacent tooth (AT). Zn subgroup [H, I] showing:
woven bone (Wo), graft material (Gm) within GT. [A, D and G] (H&E stain, Orig. Mag. 40x); [B, E and H] (H&E stain,
Orig. Mag. 100x, Insets: Orig. Mag. 200x); [C, F and I] (Masson Trichrom stain, Orig. Mag. 100x)
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Group II (7 days after extraction)

The whole extraction sockets of GII subgroups
were presented in (Fig. 3 A,D,G). The socket of
control subgroup was filled with granulation tissue
(Fig. 3 A). Densely packed newly formed collagen
fibers as well as spicules of woven bone could be seen
at the base of the socket while the lateral wall of the
socket was highly remodeled (Fig. 3 B,C). Cartilage

cells which denotes endochondral bone formation
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were revealed in this group (Fig. 3 B). However,
the sockets of Mg subgroup and Zn subgroup were
partially filled with fibrous connective tissue but
the density of the collagen fibers was higher in the
Zn subgroup (Fig. 3 D,G). Granulation tissue and
newly formed collagen fibers as well as calcified
bone matrix were evidenced in both subgroups (Fig.
3 E,H). In addition, hypertrophic cartilage cells,
calcified cartilage and woven bone were revealed in
the Zn subgroup (Fig. 3 H,I).

Fig. (3) A photomicrograph of GII (7 days after extraction); Control subgroup [A]: showing the whole socket with the interdental
(ID) and interreadicular (IR) septa filled with granulation tissue (GT). Control subgroup [B, C]: showing GT, densely
packed collagen fibers (arrows), woven bone (Wo) and remodeled bone (Rm). Inset: cartilage cells (Cg). Mg subgroup [D]:
showing the whole socket contained connective tissue (CT) with the adjacent tooth (AT). Mg subgroup [E, F]: showing GT
and newly formed collagen fibers (arrows). Inset: calcified bone matrix (arrow head) and GT. Mg subgroup [F]: showing
Rm. Zn subgroup [G]: showing the whole socket contained dense CT and the adjacent tooth (AT). Zn subgroup [H]:
showing newly formed collagen fibers (arrow), calcified cartilage (CC) and GT. Inset: CC and increased amount of calcified
bone matrix (arrowheads); Zn subgroup [I]: showing Wo, GT and Cg. [A, D and G] (H&E stain, Orig. Mag. 40x); [B, E
and H] (H&E stain, Orig. Mag. 100x, Insets: Orig. Mag. 200x); [C, F and I] (Masson Trichrom stain, Orig. Mag. 100x)
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Group III (9 days after extraction)

The whole extraction sockets of GIII subgroups
were presented in (Fig. 4 A,D,G). The socket of
control subgroup was filled with dense highly
fibrous connective tissue as well as granulation
tissue (Fig 4. A,B). Newly formed woven bone
upon the highly remodeled old alveolar bone was
seen at the lateral wall of the socket (Fig 4. B,C).
The socket of Mg subgroup showed large spicule of
relatively mature lamellar bone with large number of
osteocytes and multiple reversal lines. At the border
of these bone spicules there were dense collagen

fibers that showed changes in their architecture
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(Fig 4. E,F). The socket of Zn subgroup was filled
with spicules of mature lamellar bone formed upon
highly fibrocellular connective tissue (Fig 4.G).
The lamellar bone was similar in structure to that
formed in Mg subgroup but with smaller amount of
osteocytes and with osteon formation. The marrow
cavities were large in size some of which were filled
with dense fibrous connective tissue that began to
arrange in bone at certain areas. There were large
numbers of resting and reversal lines in the bone
formed in this subgroup (Fig 4. H). The mature
lamellar bone with immature bone on its surface
could be seen in (Fig 4. I).

. ?-‘:..’f A, N ,35

Fig. (4) A photomicrograph of GIII (9 days after extraction); Control subgroup [A]: showing the whole socket filled with dense
connective tissue (CT) and granulation tissue (GT) as well as the adjacent tooth (AT). Control subgroup [B]: showing dense
collagen fibers (arrow). Inset: showing woven bone (Wo) and remodeled bone (Rm). Control subgroup [C]: showing Rm. Mg
subgroup [D]: showing the whole socket contained lamellar bone (LB) and GT with the adjacent tooth (AT). Mg subgroup [E,
F]: showing dense newly formed collagen fibers (arrows) with large spicules of relatively mature LB. Inset: osteocytes (Ot)
and reversal lines (white arrow). Zn subgroup [G]: showing the whole socket filled with LB, CT and GT as well as the adjacent
tooth (AT). Zn subgroup [H]: showing LB with large sized marrow cavities (MC), resting and reversal lines (white arrows).
Zn subgroup [I]: showing LB with immature bone (asterisks) [A, D and G] (H&E stain, Orig. Mag. 40x); [B, E and H]
(H&E stain, Orig. Mag. 100x, Insets: Orig. Mag. 200x); [C, F and I] (Masson Trichrom stain, Orig. Mag. 100x)
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Histomorphometric analyses

The area percentages of the newly formed
bone is shown in Table 1. A significant increase in
the newly formed bone area percentage has been
recorded between the control, Mg and Zn subgroups
within GI , GII and GIII where (P<0.001).

Within GI, a significant increase in the neobone
area percentage was evident in the sockets of Mg
and Zn subgroups as compared to the control ones
where (P=0.019 and P<0.001 respectively), while
a non significant increase in the neobone area
percentage between the sockets of GI (Mg and Zn)
subgroups (P= 0.06). Within GII and GIII, there
has been an overall high significant increase in
the neobone area percentage between Zn, Mg and
control subgroups where (P<0.001).

The area percentages of VEGF immunoreaction
is shown in Table 2. The histomorphometric
analysis for the VEGF expression showed that
however there has been a high significant difference
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in VEGF expression within GI and GIII different
subgroups (P=0.002 and P=0.001 respectively),
a non significant difference was revealed between
GII different subgroups (P=0.267). Within GI, there
was a significant increase in Zn and Mg subgroups
versus control subgroup (P=0.002 and P=0.015
respectively), while no significant difference
between Zn and Mg subgroups (P=0.2) has been

recorded.

Within GII, there was a non significant difference
in VEGF expression between Zn subgroup versus
Mg and control subgroups (P=0.47, P=0.149
respectively) as well as between Mg subgroup
versus control subgroup (P=0.24). On the other hand
within GIII, there has been a significant increase in
VEGF expression in Zn subgroup versus Mg and
control subgroups (P=0.02, P=0.001 respectively)
as well as between Mg subgroup versus control
subgroup (P=0.04).

TABLE (1) The area percentages of the newly formed bone in the sockets of GI, GII and GIII (control, Mg

and Zn) subgroups.

GI

3 days after extraction

GII GIII

7 days after extraction 9 days after extraction

Control subgroup 30.987 + 8.223

Mg subgroup 43.659*+13.153

Zn subgroup 52249*+3.134

p value <0.001*

60416+ 7.188 70.722+3.921

104.432* + 6.954 123.317*+3.277
130.609 ** + 3.665 175.470** + 6.099

<0.001* <0.001%*

Data presented as mean+SD; * statistically significant difference; ° statistically significant with the control subgroup;

b statistically significant with the Mg subgroup
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TABLE (2) The area percentages of vascular endothelial growth factor immunoreaction in the sockets of
GI, GII and GIII (control, Mg and Zn) subgroups.

GI

3 days after extraction

GII GIII

7 days after extraction 9 days after extraction

Control subgroup 3076 £0.256

Mg subgroup 4.215*+1.309
Zn subgroup 4.968 * +1.235
p value 0.002%

4.818 +0.768 5.579+£0.728

5276 £0.922 6.66 * +1.3392
5.7366 + 1.7666 9415 +3.047

0.267 0.001*

Data presented as mean+SD; * statistically significant difference; ° statistically significant with the control subgroup;

b statistically significant with the Mg subgroup

DISCUSSION

Impaired wound healing is one of the major
problems facing diabetic patients. Following tooth
loss, extraction site reconstruction is essential
for alveolar ridge preservation. In an attempt to
improve the healing and bone regeneration in
extraction sockets of diabetic patients, numerous
biocompatible regenerative materials have been
used immediately following tooth extraction to fill
the socket. This study compared between the effects
of magnesium versus zinc enriched nano-sized
bioactive glass mixed with BMP-2 as a scaffold
material when applied to extraction sockets in
streptozotocin induced diabetic rats.

In the current work the area percentage of the
newly formed bone in Mg and Zn bioactive glass
subgroups was higher than that in the diabetic
control subgroup. It is well known that diabetes
impairs both soft and hard tissue wound healing.
Although, Type 1 but not Type 2 diabetes is
associated with decreased bone mineral density,
both are associated with an increased likelihood of
bone fracture.?” Several contributing factors have
been reported, such as prolonged expression of
cytokines and chemokines; destruction of matrix

that is associated with an imbalance between
matrix lytic enzymes and their inhibitors @¥; as
well as defects in the reparative capacity because
of diminished production of growth and angiogenic
factors, decreased proliferation and increased

apoptosis. ¥

Furthermore, diabetes impairs fracture healing
of bone, including the mandible, hip and long
bones.®- 2% Clinical studies have reported delayed
union or increased healing time in diabetic subjects
compared with matched controls.*’?* Long-bone
fractures of streptozotocin-induced diabetic animals
also exhibit changes consistent with impaired
healing, including smaller calluses with decreased
bone and reduced mechanical strength compared
with those of controls. ¢%-31

In the present study, both Mg and Zn bioactive
glass subgroups induced the formation of more
neobone than the control diabetic subgroups at
different study intervals. Bioactive glass is a
biocompatible, osteoconductive material that forms
a strong bond with living tissue via the formation
of a hydroxyapatite layer on their surface ©¢? and
has been used to repair hard tissues in a variety

of craniofacial, maxillofacial and periodontal
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applications.®3** Moreover, nanotechnology and
composite materials provide new ways to improve
the strength and toughness of bioactive ceramics.
Bioactive nanoglass exhibits great potential for
bone repair due to better mechanical and biological

properties. ¢

Bone regeneration and socket healing
were demonstrated in all present investigation
subgroups; control, Mg and Zn bioactive glass
mixed with BMP-2. In the control sites, healing
occurred at a comparatively slower rate than in the
BMP-2 sites. BMPs in general induce a complex
cascade of chemotaxis, proliferation and cellular
differentiation that closely resembles the normal
process of embryonic bone formation, including

both intramembranous and endochondral bone. G®

The reported delayed bone healing in the control
subgroups in the herein study, could be referred to
diabetes as diabetes is associated with defects in the
reparative capacity due to diminished production of
growth and angiogenic factors. ¢”* Furthermore,
the cartilage cells detected in both GI and GII in the
present study, could be also attributed to diabetes
which is associated with diminished vasculature that
induce chondrogenesis rather than osteogenesis.

In the endochondral

ossification observed in GI Mg subgroup and

present work, the
GII Mg and Zn subgroups was similarly reported
by Ting et al. “” and King et al.“V . King et al.“
referred the endochondral bone formation in rat
mandibular defects to the low concentrations of
applied BMP-2 that may induce chondrogenesis.
Other studies that demonstrated direct osteogenesis,
concluded that differences in culture system
(in vitro) or environment of graft sites (in vivo)
may be responsible for cartilage induction or non-
On the other hand Ting et al,“”
demonstrated cartilage phenotypic expression
al(Il) and al(IX) mRNAs sequentially during
the intramembranous bone formation in extraction

induction.#*#)

rat sockets. They concluded that the expression of
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collagen II and IX may represent an early phenotypic
feature of osteoblastic differentiation.

In the ongoing study, the area percentage of
newly formed bone was significantly higher in
GII and GIII Zn subgroups than in the same Mg
subgroups.

These results could be explained on the basis that
Zn-substituted bioactive glass creates a template
for osteoblastic proliferation and differentiation
by the interaction between the Zn and inorganic
phosphate at the surface of the bioactive glass. So
it can improve the ability of glass to bond with
bone. “¥ It has been proved that, addition of Zn
has a synergistic effect on cell attachment which
also maintains the pH within the physiological
limit by forming zinc hydroxide in the solution.
Furthermore, Aina et al. *> and Haimi et al. “®
reported that limited amounts of Zn in the bioactive
glass system stimulates early cell proliferation and
promotes differentiation as assessed by their in vitro
biocompatibility experimentation.

Many authors reported that bioactive glass
stimulated the secretion of angiogenic growth
factors in fibroblasts “-9  the proliferation of
endothelial cells @7 559 and the formation of
endothelial tubules“”3Y. The VEGF results of the
present study supported that, as both Mg and Zn
bioactive glass subgroups demonstrated enhanced
neovascularization. However the results of the Zn
subgroups were more promising.

The significant increase in VEGF expression
in the Zn bioactive glass subgroup in GI and GIII
in the present study could be attributed to the
microstructure of pores provided by this material.
Rattanachan et al.*® demonstrated that Zn enhanced
bioglass showed interconnected macropores in the
range of 300-500 um and the average pore size
increased with increasing the zinc additions. They
added that by controlling the zinc concentrations the
size of macropores can be tailored.®¥
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Furthermore it has been reported that pores in the
range of 150-800 um allow the ingrowths of bone
tissue and blood vessels while pores in the range of
10-100 wm are beneficial for the growth of blood
capillaries, exchange of nutrients and excretion of
waste products. Pores in the range of nanoscale
provide larger specific surface area and more active
targets, which is good for the formation of apatite
and the attachment of protein or osteoblast. ©9

In the current study, the role of the Mg enriched
scaffold was relatively of little value in comparison
to Zn enriched scaffold regarding the rate and the
amount of newly formed bone and angiogenesis.
On the other hand the Mg enriched bioactive glass
showed an enhanced bone regenerative capacity and
angiogenesis as compared to the control diabetic
group. It is known that magnesium is involved in
over 300 chemical reactions in the body, it activates
phagocytosis and regulates active calcium transport.
Circumstantial evidence exists that MgO improves
the early mineralization stages and contributes to an
intimate contact with living tissue. ©¢%

Furthermore, the release of Mg ions upon
degradation could enhance the viability of pre-
osteoblasts, cell adhesion and also could stimulate
bone growth and bone healing. ©

Authors reported that the in situ release of
magnesium ions is able to stimulate local bone
formation and bone healing by enhancing the
osteoblastic  and activities.®D
However, the amount of Mg ions released is critical
for bone formation. “» Too much ions released
would lead to bone loss. ¢

osteoclastic

The longest term in the present study was 9 days.
However, it is well documented that laboratory
animals regenerate oral tissues much faster than
humans do and that during nursing 42.4 rat days
equals one human year, while during adolescence
10.5 rat days equals one human year, with an average
16.7 days ©+9 literatures studied extraction wound
healing in rats till 3-4 weeks ©*6”, On the otherhand,
Yoneda et al.®®, reported that after extraction of
maxillary first molar and treating it with coenzyme
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Q10 the clot was replaced with granulation tissue at
3 days and at 8 days osteoid and woven bone were
observed in the socket, indicative of the callus stage
of wound healing.

The overall results of the present research,
clarify that although the Mg enriched bioactive glass
subgroups were lagging behind the Zn enriched
bioactive glass ones, both were beneficial in
enhancing the wound healing capacity in extraction
sockets of diabetic rats regarding the amount of
newly formed bone and angiogenesis.
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