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Abstract: The present study aims to investigate the effect of Insulin on the healing of the
dental socket of rabbits. Evaluating oral mucosa healing and bone regeneration of the healing
process during three intervals: 3-, 10-, and 30-day post-extraction. Materials and Methods:
Twelve male albino rabbits were used in this study, randomly divided into three sub-groups
(N=4) for histological and immunohistochemical evaluation at 3-, 10-, and 30-days post-
extraction, and compared to the controls. The rabbits were euthanized at the corresponding
time interval; each rabbit represented a control and a treated sample. Bilateral maxillary first
premolar extraction (treated side and control side) was performed, followed by treatment
injection into the socket. A gel foam cylindrical insert of (3*5 mm) dimensions was placed in
both sockets. For the treated groups, a standardized dose of 10 IU in 0.1 ml from a solution
of 100 IU/ml concentration of Insulin; in each corresponding group was injected into the gel
foam in the socket of the treated side, while for the control side, was kept plain without
injection. A secondary post-extraction standardized dose was split equally and injected
buccally and palatally around the gingival margins of the studied socket on the 2nd, 4th, and
6th-day post-extraction only for the treated side. For each study interval, rabbits in each
group were euthanized, and then specimens from the oral mucosa and maxillary alveolar
bone from the extraction sockets with sufficient margins were immediately harvested and
arranged for laboratory examination. Assessment of inflammatory response, granulation
tissue formation, re-epithelialization, bone healing, and the expression of CD34 and Ki67 was
performed. Non-parametric statistical analysis was performed, and significance was
recorded at p<0.05. Results: Histological evaluation results revealed a significantly reduced
inflammation response, reduced granulation tissue formation, higher and quicker re-
epithelialization, and enhanced bone formation for the treated group when compared to the
control at certain time intervals within the total period of the study. The
Immunohistochemistry results revealed a significantly increased expression of CD34 and
Ki67 markers in the treated group as compared to the control groups at certain study
intervals. Conclusions: Within the limits of the present study, local application of Insulin
demonstrated a positive effect on the healing process of oral mucosa as well as bone
regeneration of the dental socket. The local injection of Insulin would be a suitable candidate
to be used in the enhancement of post-extraction healing.
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INTRODUCTION

Oral surgical practice commonly encounters wounds involving the oral mucosa
and jawbones. Tooth extraction is the most common surgical procedure performed by
dentists; dental extraction (also referred to as exodontia) is the removal of teeth from
their sockets in the alveolar bone ®. The wound healing after tooth extraction,
represented by dental socket healing, involves the healing process in soft tissues;
connective tissue, gingival epithelium, and the hard tissue of the alveolar bone ®. The
healing process involves interaction between various cells and growth factors ©.
Therefore, improving the microenvironment of the tooth extraction sockets in early
healing can promote healing and induce bone tissue regeneration. The healing stages
occur in a regular order at a specific time, although the type of wound, microbial,
physiological, and immunological factors can affect the duration of each stage.

A wide range of therapies for promoting wound healing have been suggested,
such as the topical application of insulin, metformin, adiponectin, growth factors,
negative pressure-assisted wound closure oxidized regenerated cellulose/collagen,
hyaluronic acid conjugated with glycidyl methacrylate or gelatin dressings, honey,
aloe vera, stem cells, synthetic drugs, Low-level laser therapy.(4'5)

Insulin (INS) is a peptide hormone that mainly allows glucose to enter cells and
maintain the normal glucose level in the bloodstream. Also, it plays multiple functions
in our body, such as the control of inflammation, increased cell differentiation, lipid
and protein biosynthesis, etc., in addition, it controls glucose levels in the blood
through glucose metabolism ©. Also, INS has some anabolic effects, including
glycogen synthesis, fatty acid synthesis, and protein synthesis in tissues, which can be
effective in the wound-healing process; recently, the beneficial effect of topical INS on
wounds has also been observed and described as a potent contributor to wound
healing management @®. It stimulates keratinocyte (migration, proliferation, and
differentiation), and fibroblast proliferation, modulating the release of inflammatory
cytokines (9). It also increases the amount of collagen at the wound site. Topical
application of INS may improve wound healing even in healthy animals, reduce the
duration of the inflammatory phase, and improve wound re-epithelialization. @ The
positive effects of INS on bone strength are direct or indirect (i.e., via glucose control,
anti-inflammatory, and antioxidant effects). Therefore, INS does not affect bone
microarchitecture/BMD in humans @ or animals #?. The physiological concentration
of INS can stimulate the proliferation and differentiation of osteoblasts, and its
application to the local tooth extraction nests of diabetic rats can promote bone wound
healing. In addition, the topical application of INS in bone defects induces new bone

formation and the healing of the defect."®
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The present study aims to investigate the effect of Insulin on the healing of the
dental socket of rabbits. Evaluating oral mucosa healing and bone regeneration of the

healing process during three intervals: 3-, 10-, and 30-days post-extraction.

MATERIALS AND METHODS
Sampling and study design
A randomized controlled in vivo study design was used. The total sample

consisted of 12 animals, 6-7 months old male albino rabbits with a weight averaging
(1.5-2) kg were used in this study. The rabbits were physically healthy and were
adapted pre-experimentally for two weeks. They were housed in a suitable place to
simulate a natural environment possible. They were kept under the same standard
conditions of good ventilation, humidity (60-70%), temperature (20 + 2 °C), and a 12-
hour light/dark cycle. The rabbits had free access to tap water and an adequate stable
diet of 85% of the following; 30% corn, 34% wheat, 25% soybean, 10% animal protein,
0.5% lima, and 0.5% sodium chloride and leafy green vegetables 15%. 4 All the rabbits
were continuously monitored by a veterinarian and the researcher with daily body
weight monitoring and regular checking for oral health and physical activity. The
rabbits were randomly assigned to three experimental groups according to the time
intervals (rabbits were euthanized at 3, 10, and 30 days) post-extraction. Each group
consisted of four rabbits (N=4), and each rabbit within the group represented a control
and treated sample, as the jaw has a treated side (right) and a control side (left) to
minimize any bias. Each group was identified by coding colors on the animal’s tail.

An insulin solution of 100 IU/ml concentration, the total volume of 10 ml that
contains 1000 IU of (Actrapid®, Novo nordisk, Denmark), as seen in Figure (1). The
extraction socket was filled with a cylindrical gel foam (Gel foam Roeko, Coltene,

Germany) as detailed below.

Figure (1): Photograph of the Insulin solution used in the study, Actrapid®, (Novo
nordisk, Denmark).
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Surgical Procedure:
-General Anaesthesia

One to four hours before the initiation of the study (pre-operative), rabbits were
food-deprived, while they were water fasted for 1 hour before the administration of
anesthesia. Animals were anesthetized by intramuscular injection in the rabbit's thigh
muscle of a mixture of Ketamine hydrochloride 500 mg/10ml (Hameln
pharmaceuticals gmbh, Germany) anesthetic solution and Xylazine base 1000 mg/50ml
(Interchemie werken, Venray, Holland) muscle relaxant. Each dose was calculated
according to the weight of each rabbit as follows: Ketamine 50 mg/Kg in combination

with Xylazine base 10 mg/kg."

-Surgical procedure

Surgical procedures were performed under a standardized protocol and
approved by the ethical committee of the University of Mosul / College of Dentistry /
Department of Oral and Maxillofacial Surgery under ethical approval number
(UoM.Dent/ A.L.83/ 21). After the administration of anesthesia, each rabbit was laid
on its lateral side on the surgical board, covered with a sterile towel, exposing the head
only. The rabbit's mouth was opened using a rabbit mouth gag (Starlabs, UK). The
surgery was performed through bilateral extraction of upper first premolars using
rabbit extraction forceps (Starlabs, UK). This results in two sockets per rabbit,
providing a treated side and a control side. After the extraction, a simple curation of
the socket was done, followed by irrigation with 2 mL sterile normal saline (Gibco,
UK) to prepare the socket for the insert. A cylindrical gel foam (Gel foam Roeko,
Coltene, Germany) insert of (3*5 mm) dimensions was placed in both sockets (treated
and control). For the treated groups; a standardized dose of INS 10 IU in 0.1 ml from
a solution of 100 IU/ml concentration; for each corresponding group was injected into
the gel foam whilst in the socket of the treated side. The control side was kept plain
without any INS injection into the gel foam. A secondary post-extraction standardized
dose from the same treatment agent was split equally and injected buccally and
palatally around the gingival margins of the studied socket on the 2nd, 4th, and 6th-
day post-extraction for the treated side only (19). The surgical procedure is detailed in

Figure (2).
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Figure (2): Photographs of the steps of the surgical procedure: (A) anesthetized
rabbit, (B-C) tooth extraction, (D-E) gel foam insertion and local insulin injection, (F)
final socket.

Postoperative Procedures:
-Postoperative animal care

Intramuscular injection of Oxytetracycline (Vilsan Pharmaceuticals, Turkey) 50
mg/kg dose was administered immediately postoperatively and continued for two
days. The operated rabbits were caged in special cages separately until full recovery
from the anaesthesia was achieved. 48 hours long postoperative observation for the
operated rabbits was maintained by a veterinarian, monitoring their feeding and

physical activity .

-Specimen collection and preparation

After authorization of rabbit at each subsequent study interval, specimens from
the oral mucosa and maxillary alveolar bone of the extracted tooth socket at the
operated areas with sufficient margins (for both treated and control sides) were
immediately harvested and directly preserved in 10% freshly prepared buffer formalin
(UK) in glass tubes with identification labels for (48 hours) period for tissue fixation,
then, immersed in formic acid (Duda Energy LLC, USA) for decalcification. The
decalcification process for the bone requires 21 days to remove calcium and minerals

from the bone altogether. This process was done by immersing the samples in a
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mixture solution composed of 50 ml of Hydrochloric acid (NEECOR, India), 50 ml of
99% Formic acid (Duda Energy LLC, USA), and 900 ml distilled water (Awamedica,
India). ® After bone decalcification, the specimens were removed from the solution

rinsed thoroughly with distilled water, and stored ready for histological analysis.

-Histological preparation and staining

The specimens (soft tissue and bone) were prepared before embedding, firstly
each specimen was sectioned into 2-3 mm thickness sections and then these sections
were placed into cassettes. The cassettes were then immersed into a series of gradually
increased ethyl alcohol (Schar lab S.L, Spain) concentrations of (10%, 20%, 30%, 50%,
70%, 90%, and 100%) to ensure complete dehydration. After that, xylene (Medex for
chemicals, UK) was replaced by paraffin, and specimens were embedded and labeled
in paraffin wax blocks. The specimens were then frozen for 24 hours and then sliced
into 4 microns of tissue thickness in series using a microtome (Leedo, China). A ribbon
of sliced tissue with wax at the incision level was then taken to a 50°C water bath for
de-waxing, then each slice was collected on a labeled glass slide (Citoplus, China). The
obtained slides were then, stained with hematoxylin and eosin stains (Thermo
Scientific, UK), and mounted with DPX (Iso-com Ltd., UK) for further microscopical

examination.”

-Immunohistochemistry preparation and staining

Paraffin wax (UK) embedded oral mucosal specimen blocks were sectioned and
mounted on slides as mentioned above. The slides were then heated at 60°C for 1 hour
in an oven and then left to cool for 30 min at room temperature. After cooling the slides
were deparaffinized in xylene (Medex for chemicals, UK) and rehydrated in graded
alcohol concentrations of 100%, 95%, and 70% respectively for 5 mins in each
concentration, then transferred and rinsed twice with phosphate-buffered saline (PBS)
(Gibco, UK). Endogenous peroxidase activity was inhibited by the placement of the
slides in a 3% hydrogen peroxide solution (Thermo, UK) to reduce nonspecific
background staining, followed by proper washing in PBS for 5 mins. The heated
sections were kept in a pressure pot containing sodium citrate buffer (pH 6.0) for up
to 3 minutes. The slides were then boiled for epitopes (antigens) retrieval and
optimization of staining consistency, then the slides were left to cool. Then the slides
were washed three times with PBS and incubated with the primary antibody solutions
for (CD34, Ki67) using a mouse monoclonal antibody against (CD34, Ki67) antigen
(Dako, Denmark). After that, the slides were incubated in a moisture chamber for 60—

90 min followed by two gentle rinsing with PBS. Once completed the slides were
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incubated for 10 min with an appropriate secondary antibody according to the
manufacturer’s recommended protocol at room temperature then washed with PBS
three times and prepared to receive the chromogenic solution. The slides were then
incubated with DAB tetrahydrochloride solution, which is a peroxide-compatible
chromogen, for 5 minutes at room temperature as a substrate chromogen solution to
produce a brown color, followed by twice rinsing with distilled water for 5 minutes
each. Finally, sections were counterstained with Mayer's haematoxylin solution for 3—-
5 min, and dehydrated via placement for 3 min each in: 70%, 95%, 100% ethanol, and
xylene, twice in each solution. Then the slides were mounted by one drop of an
aqueous mounting medium (per mount) and covered with a coverslip for

microscopical analysis®

Histometric analysis and evaluation of oral mucosa and alveolar bone healing:
-Histometric analysis and evaluation of Hematoxylin and Eosin-stained oral mucosa
and alveolar bone:

The extracted tooth socket healing was evaluated histologically via means of a
semi-quantitative scale, measuring the intensity of inflammatory response, amount of
granulation tissue formation within the socket, wound re-epithelialization, whether
partial or complete, regular, mature or not, and bone healing. Three examiners were
recruited to examine the slides: the researcher and two experienced histopathologists,
who both recorded their score readings independently and blindly; the final score was
recorded as the mean value of the readings of the three examiners. Histopathological
estimation was conducted according to the following scoring criteria, which are
explained in Tables (1, 2, 3, and 4). The histometric evaluation was done using a light

microscope (Optica, Italy) at power magnification of X10 and X40.

Table (1): The criteria for inflammatory response intensity scoring 19

Score Observed histopathological response
0- Nil No inflammatory cells are seen in the field of the operation at (X10).

1- Mild/Scanty Presence of inflammatory cells in few numbers, in less than half of the

field at (X10).
2- Moderate Presence of inflammatory cells in more than half of the field at (X10).
3- Presence of inflammatory cells in huge numbers, more than 3/4 of the field
sever/Marked at (X10).
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Table (2): The criteria for granulation tissue formation scoring ?%2V-

Score Observed histopathological response
Absence of granulation tissue formation in the field of

- Nil
0- Ni operation at (X10).

Scanty amount of granulation tissue formation, less than half
of the field of operation at(X10).

Moderate amount of granulation tissue formation, more than
half of the field of operation at(X10).

Profound amount of granulation tissue formation, more than
3/4 of the field of operation at(X10).

1- Mild/Scanty

2- Moderate

3- profound/Marked

Table (3): The criteria for re-epithelization scoring *?

Score Observed histopathological response

0 Re-epithelialization at the edge of the wound only.

1 Re-epithelialization covering less than half of the wound.

2 Re-epithelialization covering more than half of the wound.

3 Re-epithelialization covering the entire wound with irregular thickness.
4 Re-epithelialization covering the entire wound with normal thickness.

Table (4): The criteria for histological analysis of bone regeneration scoring *

Score Observed histopathological response

No newly formed vessels. None to a very minimal number of fibroblasts. No
0 osteoid (bone matrix). No bone cells.

Few newly formed vessels. Few numbers of fibroblasts. Evidence of osteoid
1 presence (bone matrix). Evidence of bone cells.

Moderate amount of newly formed vessels. Predominant number of
2 fibroblasts. Moderate osteoid (bone matrix). Moderate bone cells.

Extensive amount of newly formed vessels. Fewer number of fibroblasts.
3 Dense and highly organized osteoid (bone matrix). Extensive bone cells.

-Histometric analysis and evaluation of immunoreactive socket tissue sections against
CD34 and Ki67 epitopes :

The angiogenesis process of the socket (wound) healing was evaluated on a semi-
quantitative scale measuring the intensity of CD34 immunoreaction expression in the
operating field under a light microscope (Optica, Italy) at X10 magnification. The
specific protein molecules of CD34 are presented mainly in endothelial cells. Positively

marked cells (immunoreactive cells against CD34 antigen) in the wound area were
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counted and expressed, counting cells were performed according to the documented
procedure, and cells with any degree of staining were scored positively .
Ki67 is a well-established marker for cellular proliferation during wound repair.
% The immunostaining of Ki67 appeared as a brown/yellow nuclear stain, the
expression of Ki67 is considered positive when there is a brown/yellow granule in the
nuclei of the cell or the cytomembrane beside the cell nuclei. All stained nuclei were
counted as positive, irrespective of the staining intensity ?. All slides for the immune
staining were evaluated using a light microscope (Optica, Italy) at (X10) magnification
to identify the wound tissue response .
For both markers, the slides were examined by three different examiners: the
researcher and two experienced histopathologists, using special scoring criteria

detailed in Table (5). The final scores were reported as the mean of the three examiners.

Table (5): The criteria for immunoreaction expression scoring *”

Grade Observed histopathological response
0 Nil No immunoreactive cells in the field of operation at (X10)
magnification.
) Presence of immunoreactive cells in few numbers in less than half
1 Mild . . I
of the field of operation at (X10) magnification.
Presence of immunoreactive cells in more than half of the field of
2 Moderate . e
operation at (X10) magnification.
Presence of immunoreactive cells in large numbers in more than
3 Marked

3/4 of the field of operation at (X10) magnification.

Statistical analysis:

The Statistical analysis was done by using the Sigma Plot software program; data
were expressed as mean + standard error. The scores are the descriptive expression of
the inflammation response, granulation tissue, re-epithelialization, bone formation,
and CD34, Ki67 expression for each of the study groups. The collected scores were
analyzed statistically by the Mann-Whitney U test for all histological and IHC
variables of group comparisons, whereas the comparisons of the time intervals were
statistically analyzed using the Kruskal-Wallis test. The statistically significant

difference was considered at p < 0.05.

RESULTS
Histological analysis:

The histological analysis results of the study were assessed at three post-extraction
time intervals (3, 10, and 30 days). The microscopical analysis of histological sections

for these time intervals for both control and treated groups is presented in Figure (3).
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10 days
30 days

Figure (3): Photomicrographs of the oral mucosa and maxillary alveolar bone (left: control,
right: treated) at the 3 (A-B), 10 (C-D), and 30 (E-F) days post-extraction. (G) = granulation
tissue, (N) = new vasculature, (F) = fibrous connective tissue, (I) = inflammatory response, (R)
= re-epithelialization formed, and (B): new bone formation at the edge of the socket.
Magnification 10X, H&E stain.

Post-operative histological findings at three days period

Sections of oral mucosa and maxillary alveolar bone of the control group that
was obtained on the third day post-extraction showed marked infiltration by
inflammatory cells and the presence of the profound amount of granulation tissue with
re-epithelialization seen covered less than half of the area at the wound surface. Bone
sections showed none to very minimal numbers of fibroblasts, and no newly formed
vessels, osteoids, or bone. The oral mucosa sections of the treated group showed
moderate infiltration by inflammatory cells which was less than that for the control
group, presence of a profound amount of granulation tissue with re-epithelialization
seen covering more than half of the area at the wound surface. The bone sections
showed a statistically significant reduction in the inflammatory response and a
significant increase in re-epithelialization scoring in treated group specimens was
shown as compared with the control group, while there was no statistically significant
difference between the two group specimens in granulation tissue formation and bone
formation, as detailed in Table 6. The mean values of the histological findings of oral
mucosa and maxillary alveolar bone socket healing estimation are demonstrated in

Figure (4).
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W Treatment

Score

IR GT R BF

Figure (4): Means of histological evaluation scores for inflammatory response (IR), granulation
tissue (GT), re-epithelialization (R), and bone formation (BF), at 3 days post-extraction period,
for control and treatment groups.

Post-operative histological findings at ten days period

Sections of oral mucosa and maxillary alveolar bone of the control group that were
obtained on the 10th day post-extraction showed marked infiltration by inflammatory
cells and the presence of a profound amount of granulation tissue with re-
epithelialization seen covering less than half of the area at the wound surface. The bone
sections showed no to a very minimal number of fibroblasts and exhibited no newly
formed vessels, osteoid, or bone. The oral mucosa sections of the treated group showed
moderate infiltration by inflammatory cells, which was less than that for the control
group. A moderate amount of granulation tissue with re-epithelialization was seen
covering more than half of the area at the wound surface. The bone sections showed
few newly formed vessels, fewer number of fibroblasts, and evidence of osteoid (bone
matrix) and bone formation .

A statistically significant reduction in inflammatory response and granulation
tissue formation, and a significant increase in re-epithelialization and bone formation
scoring in treated group specimens were shown as compared with the control group,
as detailed in Table (6). The mean values of the histological findings of oral mucosa

and maxillary alveolar bone socket healing estimation are demonstrated in Figure (5).

3 3 H Control

3

M Treatment

Figure (5): Means of histological evaluation scores for inflammatory response (IR), granulation
tissue (GT), re-epithelialization (R), and bone formation (BF), at 10 days post-extraction period,
for control and treatment groups.
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Post-operative histological findings at thirty days period

Sections of oral mucosa and maxillary alveolar bone of the control group that were
obtained at this period showed moderate infiltration by inflammatory cells, moderate
amount of granulation tissue with re-epithelialization was seen covering less than half
of the area at the wound surface. The bone sections showed a few newly formed
vessels, a few number of fibroblasts, and evidence of osteoid (bone matrix) and bone
formation. The oral mucosa sections of the treated group showed no inflammatory
cells seen in the operation field, with a scanty amount of granulation tissue; the re-
epithelialization was seen covering more than half of the area at the wound surface.
The bone sections of the treated group showed a predominant number of fibroblasts
and moderate newly formed vessels, with osteoid, bone cells. A statistically significant
reduction in inflammatory response and granulation tissue formation, and a
significant increase in re-epithelialization and bone formation scoring were observed
in treated group specimens as compared with the control group, as detailed in Table
(6). The mean values of the histological findings of oral mucosa and maxillary alveolar

bone socket healing estimation are demonstrated in Figure (6).

I7Contro| B Treatment
2

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Score

Figure (6): Means of histological evaluation scores for inflammatory response (IR), granulation
tissue (GT), re-epithelialization (R), and bone formation (BF), at 30 days post-extraction period,
for control and treatment groups.
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Table (6): Statistical analysis of oral mucosa and bone healing evaluation comparing

between control and treated group.

3 Groups
2]
£ 1 INS p-value
5 Contro Treatment (N=4)
P~ Intervals
3 days 3.00 +0.00 Aa 2.00 +0.00 Ba 0.029
10 days 3.00 + 0.00 Aa 1.75+0.25 Ba 0.029
30 days 1.75+0.25 Ab 0.00 + 0.00 Bb 0.029
P (l‘\’f_l;e 0.015 0.011
LR -
3 days 3.00 £ 0.00 Aa 3.00 £ 0.00 Aa 1.00
10 days 3.00 £ 0.00 Aa 1.75+0.25 Bb 0.029
30 days 2.00 +0.00 Ab 1.00 + 0.00 Bb 0.029
p-value
G.T (N=4) 0.015 0.001
3 days 1.00 + 0.00 Ba 2.00+0.00 Aa 0.029
10 days 1.00 + 0.00 Ba 2.00+0.00 Aa 0.029
30 days 1.00 + 0.00 Ba 2.00+0.00 Aa 0.029
p-value
R. (N=4) 1.00 1.00
3 days 0.00 + 0.00 Ab 0.25+0.25 Ab 0.686
10 days 0.00 + 0.00 Bb 1.00 £ 0.00 Ab 0.029
30 days 1.00 + 0.00 Ba 2.00+0.00 Aa 0.029
-value
BF. PV . .
(N=4) 0.040 0.001

Data expressed as Mean + Standard error (N. Total specimens (rabbits) = 4). The Capital letters refer to differences
between groups at p<0.05. The Small letters refer to differences between post-extraction intervals at p<0.05. (LR.) =
inflammatory response, (G.T.) = granulation tissue, (R) = re-epithelialization, (B.F.) = bone formation.

Immunohistochemistry analysis

The immunohistochemistry analysis results of the study were assessed at three
post-extraction time intervals (3, 10 and 30 days). The microscopical imaging of
immunohistochemistry sections for these time intervals for both control and treated

groups are presented in Figures (7 and 8).
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Figure (7): Photomicrographs of the oral mucosa and maxillary alveolar bone (left: control,
right: treated) at the 3 (A-B), 10 (C-D), and 30 (E-F) days post-extraction stained with
immunohistochemistry technique for CD34 biomarker. Black arrows mark the positively
stained cells (immunoreactive against CD34) presented as dark brown color. 10X

magnification.
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Figure (8): Photomicrographs of the oral mucosa and maxillary alveolar bone (left: control,
right: treated) at the 3 (A-B), 10 (C-D), and 30 (E-F) days post-extraction stained with
immunohistochemistry technique for Ki67 biomarker. Black arrows mark the positively
stained cells (immunoreactive against Ki67) presented as dark brown color. 10X magnification.

Three days post-extraction period, histological sections of oral mucosa and
maxillary alveolar bone of control group specimens demonstrated no expression of
positively stained cells in the field of operation. While the treated group specimens

showed mild positively stained cells present in few numbers for both antibodies.
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Statistically, a significant increase expression scoring of (Ki67) and a non-significant
increase expression scoring of (CD34) was observed in treated groups as compared to
control groups, as seen in Figure (9 and Table 7) for CD34, Figure (10 and Table 8) for
Ki67 .

Ten days post-extraction period, the histological sections of control group
specimens demonstrated no expression of positively stained cells, while the sections
of the treated group specimens showed mild positively stained cells present in few
numbers for (CD34 antibody). Nevertheless, mild positively stained cells were
observed in the histological sections of control group specimens, and moderate
positively stained cells were seen in the field of operation of treated group specimens
for (Ki67 antibody). Statistically, a significant increase in the expression scoring of
(CD34) and a non-significant increase expression scoring of (Ki67) was observed in
treated groups as compared to control groups, as seen in Figure (9 and Table 7) for
CD34, Figure (10 and Table 8) for Ki67 .

Thirty days post-extraction period, the histological sections of control group
specimens showed moderate positively stained cells, also marked positively stained
cells were seen in the field of operation of histological sections of treated group
specimens for (CD34 antibody). Likewise, mild positively stained cells were detected
in the histological sections of control group specimens, while histological sections of
treated group specimens showed moderate positively stained cells present for
(Ki67antibody). Statistically, a significant increase in the expression scoring of both
antibodies was observed in treated groups as compared to control groups, as seen in
Figure 9 and Table 7 for CD34, Figure 10, and Table 8 for Ki67.

3 %
H Control
2.5
M Treatment
2
1.5
1
0.75
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a 3 days 10 days 30 days

Figure (9): IHC analysis of the CD34 shows the mean scores for both control and INS-treated
groups at 3-, 10-, and 30-days post-extraction periods.
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Table (7): Statistical analysis of the CD34 expression scores at the healing site for
control and INS treatment groups.

Groups Control INS Treatment p-value
(N=4)
Intervals
3 days 0.00 + 0.00 Ab 0.75+0.25 Ab 0.104
10 days 0.00 + 0.00 Bb 1.00 + 0.00 Ab 0.029
30 days 1.50 + 0.28 Ba 3.00 +0.00 Aa 0.029
p-value (N=4) 0.015 0.011

Data expressed as Mean + Standard error (N. Total specimens (rabbits) = 4). The
capital letters refer to differences between groups at p<0.05. The small letters refer
to differences between post-extraction time intervals at p<0.05.

H Control

Score

3 days 10 days 30 days

Figure (10): IHC analysis of the Ki67 shows the mean scores for both control and INS-treated groups at
3-, 10-, and 30-days post-extraction periods.

Table (8): Statistical analysis of the Ki67 expression scores at the healing site for
control and INS treatment groups.

\wps Control INS Treatment p-value (N=4)

Intervals

3 days 0.00 +0.00 Bb 1.00 £ 0.00 Ab 0.029
10 days 1.25+ 0.25 Aa 2.00+0.00 Aa 0.114
30 days 1.00 £ 0.00 Ba 3.00 +£0.00 Aa 0.029
p-value (N=4) 0.011 <0.001

Data expressed as Mean + Standard error (N. Total specimens (rabbits) = 4). The capital letters refer to
differences between groups at p<0.05. The small letters refer to differences between post-extraction
time intervals at p<0.05.

DISCUSSION
The present study was designed to evaluate the oral mucosa and alveolar bone
healing responses to the local application of INS into the extracted tooth socket of

rabbit models. The role of topical INS in wound healing has been reported in the
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literature since the 1970s. However, until the late 1990s it got greater attention with
the development of more advanced materials for the long-term release of bioactive
Insulin ®. The outcome of our study suggested that the INS solution when
administered locally has a positive effect on the healing process of oral mucosa and
alveolar bone including (hemostasis, inflammatory response, granulation tissue

proliferation, and bone remodeling phases).

Inflammatory response:

Insulin is a peptide hormone and growth factor that can stimulate wound
healing through cell migration. ® This hormone improves the infiltration of
macrophages and chemo-like monocytes, which stimulates phagocytosis and reduces
necrotic tissue at the wound site. It can increase the transforming growth factor- 3
production which accelerates the migration of the epithelial cells to the wound, INS
has a great influence on the inflammatory response during the acute phase of
inflammation and it prevents the activation of the inflammatory factors.®”

In the present study, wounds treated with INS showed moderate inflammation
in the wound area during the early phase of healing at 3 days post-extraction, while
during the other intervals of treatment 10 and 30 days, it showed significantly reduced
inflammatory response when compared with control specimens. All oral mucosa and
alveolar bone specimens treated with INS exhibited significantly reduced
inflammatory cell infiltrate means than that recorded in the control specimens at all
study intervals. These findings are in agreement with Mirhoseini et al., concluded that
INS treatment diminished chronic inflammation factors such as macrophages after 3
days, it accelerates wound healing by reducing the inflammation during the early
phase in comparison with control specimens ©V. Our results also match with Macedo
et al. study, which found that INS can reduce wound inflammation during the healing

process.(4)

Granulation Tissue and Re-epithelialization

Our results showed that the local use of INS stimulates the development of new
micro-vessels, associated with a significant reduction in the generation of new
connective tissue during the wound healing as compared to control specimens
throughout all study time intervals except for 3 days post-extraction intervals, in
which non-significant changes were observed as compared to the control specimens.
These findings follow Martinez-Jimenez et al. concluded that local INS stimulates the
development of new micro-vessels but is not associated with the generation of new

connective tissue during wound healing in non-diabetic patients, showed that
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neovascularization is critical for successful wound healing ¢». The new blood vessel
generation increases blood flow to the damaged tissue, thus providing the oxygen and
nutrients required by newly synthesized granulation tissue for collagen deposition
and wound epithelialization. The formation of new blood vessels is necessary to
improve the growth of granulation tissue and sustain the newly formed granulation
tissue. Nevertheless, once an abundant collagen matrix has been deposited in the
wound, the fibroblast will stop producing collagen; these findings are in agreement
with our results.

Ehterami et al. findings are also in agreement with the present study results in
that they studied the effect of wound dressing loaded with insulin-chitosan
nanoparticles on the healing of cutaneous wounds in rats. They found that INS
successfully enhances the proliferation of mouse fibroblasts. ®» However, there are
differences between our study and the mentioned study in that they studied cutaneous
wounds, not soft tissue and bone healing of the extracted socket as in our study. In
contrast, Azevedo et al. recommendations disagree with our data as they found that
INS has no effect on collagen deposition in non-diabetic rats. (10) However, there are
many differences between the mentioned study and the current one, regarding study
unit, study design, material dose, and duration of study .

Significantly higher and quicker re-epithelialization was observed in INS-treated
specimens as compared to control specimens at all intervals of the present study. This
is consistent with Besson et al., who reported that the effect of INS stimulates re-
epithelialization of skin wound healing in rats when observed at 4, 7, 10, and 14 days
¢4, Similarly, Martinez-Jimenez et al. reported that INS application to excision wounds
in mice leads to accelerated re-epithelialization by stimulating angiogenesis and by
promoting a higher level of maturation of the healing tissue (32). Abianeh et al.
reported similar results as they found that sub-dermal injection of INS significantly

improves the re-epithelialization at the wound site in a clinical study.®

Bone Formation:

The present study results confirm that the local use of INS results in a significantly
higher bone formation, and it promotes newly formed bone in the treated specimens
when compared to control specimens after 10- and 30-day post-extraction. These
findings coincide with previous studies that showed that INS or insulin-like growth
factor-1 (IGF-1) has an important role in osteogenesis . As the receptors of insulin
and IGF-1 are widely distributed on the surface of osteogenic cells and display a high
activity in the differentiation of osteoblasts . While for the osteoblast, the INS and/or
IGF-1 regulate the activity of RUNX2, as an osteoblast-specific transcription factor
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plays an important role in osteocyte differentiation and bone formation. ©®
Furthermore, INS binding receptors of osteoblasts promote the uptake of glucose for
bone formation, and binding of the receptors of osteoclasts increases the secretion of
osteocalcin, thus regulating bone resorption and mineralization. The synthesis of
extracellular collagen, the differentiation of osteoblast, and the induction of osteoclasts

depend on the regulation of INS in vivo.®”

CD34 and Ki67 Bio-Markers Expression:

All oral mucosal and alveolar bone specimens treated with INS demonstrated
higher expression of CD34 than the control group at all study intervals, with
significant differences at 10- and 30-days post-extraction intervals. Besson et al. results
are in agreement with this finding; they reported that INS stimulates
neovascularization of skin wound healing (34). The present study results are also in
agreement with Thomas et al., who suggested that INS stimulates endothelial cells'
proliferation, leading to faster neovascularization and enhanced formation of
granulation tissue “0. Topical INS application rapidly induces up-regulation of the INS
signaling-related proteins in wound areas following injury. However, these studies
did not analyze CD34 expression as they investigated the new blood vessel formation
only, but these give an indication about the effect of INS on neovascularization, these
are an agreement with the results of the current study .

The Ki67 results demonstrated significantly higher expression of Ki67 in the
INS-treated groups when compared to the control group at all study intervals, with
significant differences at 3- and 30-days post-extraction intervals. These findings are
in agreement with Macedo et al., who found that INS has been shown to have the
ability to promote tissue neogenesis, as well as promote collagen deposition and
maturation (4). Neogenesis is generally investigated through investigating the
expression of Ki67, which has been performed in the current study; it shows a

significant association between cell proliferation and increased Ki67 expression.

CONCLUSIONS
Within the limits of the present study;

- Local application of INS demonstrated a positive effect on the healing process of the
oral mucosa.

- Local application of INS demonstrated a positive effect on the bone regeneration
process of the dental socket.

- Insulin would be a suitable candidate to be used to enhance the post-extraction

healing .
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