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Abstract:

Introduction: Vascular endothelial growth factor (VEGF) is one such candidate. It functions as an‘endothelial cell mitogen, chemotactic agent, and
inducer of vascular permeability. Other angiogenic growth factors such as basic fibroblast growth factor (bFGF) and transforming growth factor 3
(TGF-B) have been described, but VEGF is unique for its effects on multiple components of the wound healing cascade, including angiogenesis and
recently shown epithelization and collagen deposition. VEGF is produced by many cell-types that participate in wound healing: endothelial cells,
fibroblasts, smooth muscle cells, platelets, neutrophils, and macrophages. -

Objectives: To evaluate the expression of VEGF during healing of extracted sockets in diabetic rats.

Materials and methods: 24 adult male rats aged about 6 months and weighing about 250 gms were divided into 2 groups; Group | (12 rats) non
diabetic and Group Il (12 rats) diabetic. For study group, the rats were fasted overnight and diabetes was induced by a single intra peritoneal
injection of streptozotocin 60 mg/kg body weight in 0.1 M citrate buffer. All animals, were exposed to surgical wounds (extracted lower right first
molar). They were sacrificed as follows 4 rats from each group at intervals of 3 days, 7 days, 21 days after extraction for immunohistochemical
study.

Results: In the present study, immunohistochemical expression of VEGF was detected. as brown cytoplasmic reaction. All the examined cases
showed positive results for VEGF with different scores.

Conclusions: these results demonstrated the expression of"VEGF in diabetic rats during healing of extraction sockets significantly higher than
control group in late periods.
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INTRODUCTION

Wound healing is a sequence of cellular and biological
response directed toward restoring tissue integrity and
functional capacity following-injury (1).

The inflammatory stage occurs during the first week of
healing. White blood cells enter the socket to remove
contaminating bacteria from the area and begin to break
down any debris, such as bone fragments, that are left in the
socket (2).

In the second week the healing continuesto get organized
through fibroplasia and new blood vessels that begin to
penetrate towards the center of the  clot. Trabeculae of
osteoid slowly extend into the clot from the alveolus, and
osteoclastic resorption of cortical ‘margin of the alveolar
socket is more distinct (1). In smaller sockets the epithelium
may have become fully intact by this point (2).

By the third week the extraction socket is-filled with
granulation tissue and poorly calcified bone forms at the
wound perimeter (1).

Diabetes mellitus is a group of metabolic diseases in
which a person has high blood glucose either because the
body does not produce enough insulin, or because cells do
not respond to the insulin that is produced by the pancreas.
This resulting high blood sugar produces the classical
symptoms of polyuria: frequent urination polydipsia
(increased thirst) and polyphagia (increases hunger) (3).

Modelling and establishment of new blood vessels is
critical in wound healing and takes place concurrently
during all phases of the reparative process. In addition to
attracting  neutrophils and macrophages, numerous
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angiogenic factors secreted during the haemostatic phase
promote angiogenesis (4).

Resident endothelial cells are responsive to a number of
angiogenic factors, including FGF, VEGF, PDGF,
angiogenin; TGF-f and TGF-a. A fine balance is kept by the
action of inhibitory factors, such as angiostatin and steroids (5).
Inhibitory and stimulatory agents act on proliferating
endothelial cells directly as well as indirectly, by activating
mitosis, promoting locomotion and by stimulating the host
cells to release endothelial growth factors (6).

Under hypoxic conditions, molecules are secreted from
the surrounding tissue, promoting proliferation and growth
of endothelial cells. In response, a four-step process takes
place: (i) production of proteases by endothelial cells for
degradation of the basal lamina in the parent vessel in order
to crawl through the extracellular matrix, (ii) chemotaxis,
(iii) proliferation, and (iv) remodeling and differentiation.
FGF and VEGF play central regulatory roles in all of the
processes (7).

Initially, there is no vascular supply in the wound centre,
so viable tissue, which is limited to wound margins, is
perfused by uninjured vessels and by diffusion through
undamaged interstitium (8). Capillary sprouts from the
surrounding edges invade the wound clot and, within a few
days, a microvascular network composed of many new
capillaries is formed (9).

Chemotaxis is the ability of cells to move along a
chemical gradient (10). This biochemical mechanism
enables cells to reply properly to environmental stimuli that
determine proliferation, differentiation and migration.
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Chemotactic agents act on cell surface receptors to direct the
cell migration that is involved in angiogenesis during wound
healing (11).

Migration is the consequence of chemotacitc activity and
is necessary for angiogenesis (12).

Vascular endothelial growth factor (VEGF) is one such
candidate. It functions as an endothelial cell mitogen,
chemotactic agent (13), and inducer of vascular permeability
(14). Other angiogenic growth factors such as basic
fibroblast growth factor (bFGF) and transforming growth
factor B (TGF-B) have been described, but VEGF is unique
for its effects on multiple components of the wound healing
cascade, including angiogenesis and recently shown
epithelization and collagen deposition (15).

MATERIALS AND METHODS
A clinical trial was conducted on ten adult patients of both
Experimental animals: All experimental animal procedures
were approved by faculty institutional ethics committee.
Twenty four adult male rats weighing about 200-250 gms,
and aged about 6 months were used in this study. These
animals were obtained from the Institute of -Medical
Research Alexandria University. Animals were housed in
specially designed wire mesh bottom cages, three animals
per cage. All the animals were supplied a regular and the
same diet adlibitum throughout the whole experimental
period. The study included the following groups:

Group I: (12 rats).

Group II: (12 rats) with induced diabetes.

Methods

Preoperative phase

Induction of diabetes:

For study group, the rats were fasted overnight and diabetes
was induced by a single intraperitoneal injection of
streptozotocin 60 mg/kg body weight in. 0.1 M citrate
buffer (16).

Streptozotocin (STZ) was freshly prepared immediately
before injection, and it was kept in cold store and
refrigerator temperature (2-8°C) away from light. If it'is not
used fresh, streptozotocin solution can exhibit reduced
ability to induce diabetes (17).

At the time the animals were entered the study, their
body weight and blood glucose level were recorded then
they were measured 48 hours after the administration of
streptozotocin, then every two weeks throughout the time of
the experiment.

Operative phase

Anaesthesia

Each animal received general anaesthetic solutions of 10%
(40 ml/k.gm body weight) and zylazine 2% (5 mg/k.gm
body weight)

Surgical procedures

The surgical site was disinfected using iodine swab,
extraction of mandibular right 1st molar of all animals was
carried out.

Animals euthanasia:

Four animals in each group were sacrificed at 3, 7, and 21
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days following tooth extraction. Jaws were dissected, and
specimens were fixed in 10% formalin saline for 7 days to
be prepared for Immunohistochemical study.

Immunohistochemical evaluation:

Immunostaining for VEGF using anti-rabbite polycolonal
antibody, clone Po-A (ready to use) was done according to
kit manual. Antigen retrieval using citrate buffer, (PH 0.6)
was done for 1 hour at 40 °C (18).

Assessment of VEGF expression

The presence of brown cytoplasmic precipitate in the
inflammatory cells and others indicated positive reaction.
Tissue sections. were examined under light microscopy at
x100 magnification in order to identify five fields with the
largest number of. immunostained cells using x400
magnification, the counting of the immunopositive cells was
performed in each one of these fields.

Immunoexpression of VEGF was classified according
to Ruiz et al (19) to the following scores: 0 — no staining;
1 — weak, staining in 11 — 25 % of cells; score 2 — moderate,
staining in 26 — 75 % of cells; score 3 — strong, staining in
more than 76% of cells.

RESULTS
In the present study, immunohistochemical expression of
VEGF was detected as brown cytoplasmic reaction. All the
examined cases showed positive results for VEGF but in
different scores.
3 days after tooth extraction
In all studied cases, the VEGF immune staining was
detected in inflammatory cells, endothelial cells, fibroblast,
osteoblast cells:

In groupl, score for the VEGF expression ranged from
2 — 3 Fig«1(A), in the median (2.0- 3.0) (Table 1).

In group 11, score for the VEGF expression ranged from
2 —3 Fig. 2 (A), in the median (2.0-3.0) (Table 1).

7 days after tooth extraction:
In all studied cases, the VEGF immune staining was
detected in endothelial cells, fibroblast, osteoblast cells and
residual inflammatory cells.

In group 1, score for the VEGF expression ranged from
2 —3 Fig.1 (B), in the median (2.0-3.0) (Table 1).

In group 11, score for the VEGF expression ranged from
2 — 3 Fig. 2 (B), in the median (2.0-3.0) (Table 1).

21 days after tooth extraction

In all studied cases, the VEGF immune staining was
detected in inflammatory cells, endothelial cells, fibroblast,
osteoblast cells.

In group 1, score for the VEGF expression ranged from
1 -2 Fig. 1 (C), in the median (1.0-2.0) (Table 1).

In group 11, score for the VEGF expression ranged from
2 — 3 Figs. 2(C), in the median (2.0-3.0) (Table 1).

Using Mann Whitney test to compare between the
different periods Wilcoxon signed ranks test was applied, in
group |, no significant changes between 3 days and 7 days
pl (1.000), whereas statistically significant changes were
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observed between 3 days and 21 days p2 (0.038) and
statistically significant change between 7 days and 21 days
p3 (0.059).

In group I1, no significant changes between 3 days and 7
days p1 (1.000), and no significant changes between 3 days
and 21 days p2 (0.083) and no significant changes between
7 days and 21 days p3 (0.083).
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Fig. 1 (A): Group | after 3 days showing moderate cytoplasmic
brown colouration in >26 <75% of inflammatory cells,€ndothelial
cells (red arrow) and osteoblast (yellow arrow) (VEGF, Avidin
biotin, DAB x 400).
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Fig. 2 (A): Group IV after 3 days showing strong cytoplasmic
brown colouration in >76% of inflammatory cells; osteoblast cells
(yellow arrow) and endothelial cells (red arrow) (VEGF, Avidin
biotin, DAB x 400).

Fig. 1 (B): Group | after 7 days showing strong cytoplasmic brown
colourationin > 76% of endothelial cells (red arrow), fibroblast
(black arrow), and residual inflammatory cells (VEGF, Avidin
biotin, DAB x 400)
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Fig. 2 (B): Group Il after 7 days showing strong cytoplasmic
brown colouration‘in =76% of inflammatory cells, endothelial cells
(red arrow) and fibroblast cells (black arrow) (VEGF, Avidin
biotin, DAB x 400)
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Fig. 1 (C): Group | after 21 days showing weak cytoplasmic brown
colouration in >11 < 25 % of keratinocytes (blue arrow) and
fibrablast cells(black arrow) (VEGF, Avidin biotin, DAB x 400).
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Fig. 2 (C): Group Il after 21 days showing moderate cytoplasmic
brown colouration in > 26 < 75% of endothelial cells (red arrow)
and fibroblast cells(black arrow) (VEGF, Avidin biotin, DAB x
400).
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Table (1): Comparison between the two studied groups according
to expression of VEGF during the healing of extracted socket in
diabetic rats.

After extraction
3 days 7 days 21 days
|Group 1 3.0(2.0-3.0) 3.0(20-3.0) 1.0(1.0-2.0)
Sig. bet. periods pi=1.000,p,=0.038" ps=0.059
|Group 11 3.0(2.0-3.0) 3020-30)  20(2.0-3.0)
Sig. bet. periods p1=1.000,p,=0.083,p;=0.083
P 1.000 1.000 0.042"

Abnormally distributed data was expressed in median (Max.- Min.)
and was  compared  using Mann  Whitney  test.
To compare between the different periods Wilcoxon signed ranks
test was applied

pl: p value for comparing between 3 days and 7 days

p2: p value for comparing between 3 days and 21 days

p3: p value for comparing between 7 days and 21 days

*: Statistically significant at p < 0.05

DISCUSSION

The VEGFs and their corresponding receptors are key
regulators in a cascade of molecular and cellular events that
ultimately lead to the development of the wvascular system,
either by vasculogenesis, angiogenesis orin the formation of
the lymphatic vascular system (20).

Although VEGFs’ main effects are on endothelial cells,
they also bind to VEGF receptors expressed on monocytes,
neurons, chondrocytes and osteoblasts (21).

Recent studies have shown that the combination of
angiogenic and osteogenic factors can stimulate bone
healing and regeneration (22).

Both osteogenesis and angiogenesis are integrated parts
of bone growth and regeneration.-Combined delivery of
osteogenic and angiogenic factors is a novel approach in
bone regenerative engineering. Exogenous “addition of
vascular endothelial growth factor (VEGF) and- bone
morphogenetic  proteins (BMPs) together ~ with an
osteoconductive scaffold is a very promising method to
enhance bone repair (23). Therefore the present study was
designed to evaluate the expression of VEGF in healing of
extraction socket in diabetic rats.

The present result revealed positive expression of
VEGF by inflammatory cells, precursor endothelial cells,
keratinocytes, and bone cells including osteoblasts and
active osteocytes in different periods in all_groups but in
different scores. These results are in agreement with E.
Fadhil et al (24), who found positive expression of VEGF by
bone marrow stromal cells, adipocytes, mesenchymal stem
cells, precursor endothelial cells, and bone cells including
osteoblasts and active osteocytes in different periods in all
groups but in different score Therefore, his data provide
evidence that VEGF activity is essential for appropriate
bone formation and mineralization in response to injury.

VEGEF is produced by many cell types that participate in
wound healing: endothelial cells (25), fibroblast (26),
smooth muscle cells (27), platelets (28) and neutrophils (29).

In the present study, figure 1 (A, B) & figure 2 (A, B)
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show positive cytoplasm immuno staining in endothelial cell
of newly formed capillaries. One of VEGF’s roles in wound
healing is in stimulation of angiogenesis. Wound healing
angiogenesis involves multiple steps including vasodilation,
basement membrane degradation, endothelial cell migration,
and endothelial cell proliferation (30).

VEGF induces endothelial cell migration in wound
healing through two primary mechanisms, chemotaxis and
vasodilatation. In the initial phase of angiogenesis,
endothelial cells migrate before mitotic division (31).

Mechanism |: Chemotaxis—Chemotaxis is a highly
regulated <process involving cell adhesion molecules’
interaction with the extracellular matrix (32).

Mechanism 1l: Increasing vascular permeability-
Another mechanism by which VEGF induces endothelial
cell migration in wound healing is related to the increase in
vascular permeability mediated by NO and prostacyclin.
Leakage of the plasma protein fibrinogen and its subsequent
conversion in the extracellular space to a fibrin gel
stimulates endothelial migration (33).

In_the present study, figure 1 (C) shows granulation
tissue formation established healing responses. An essential
feature of normal wound repair is the formation of
granulation tissue, i.e. fibrovascular tissue containing
fibroblasts, collagen and blood wvessels, which is the
hallmark of an established healing response (34).

In addition, VEGF does not only contribute to
vasculogenesis in the embryonic period and angiogenesis of
normal tissues such as smooth muscle, cardiac muscle, and
liver but is also secreted at solid cancer and inflammatory
tissues and is closely involved in pathological angiogenesis
in the many diseases including cancer, chronic rheumatoid
arthritis and diabetic retinopathy (35).

Presently, VEGF is used clinically as a blood test item.
The circulating VEGF concentration has been reported to be
significantly higher in patients with various diseases in
which VEGF is associated with pathological angiogenesis
than in healthy Individual (36).

Kakizawa et al (37), compared the serum VEGF
concentration between diabetic patients and healthy controls
and reported that it was significantly higher in diabetic
patients.

In the different groups the expression of VEGF was not
significantly different at 3 and 7 days, but it was
significantly different at 21 days.

In diabetic retinopathy, retinal vessels are damaged by
abnormal metabolism due to hyperglycemia, hypoxia is
induced by the occlusion of retinal vessels, and VEGF
expressed at the site of vascular damage. Thus, it has been
established that VEGF promotes pathological retinal
angiogenesis (38). Moreover Takayama et al reported that
the serum VEGF concentration was significantly higher in
patients with diabetic retinopathy than without, they
suggested that VEGF expressed in the retina affects the
serum VEGF concentration through peripheral blood
vessels (39). Also, it has been reported that diabetic rats
show marked VEGF expression at the site of surgery and
associated pathological angiogenesis and vascular hyper
permeability which affect the delay in wound healing after
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periodontal surgery compared with normal rats (40)
confirming our results of delayed healing in group III.

CONCLUSIONS

From the results of the current study, the following can be
concluded:

- Expression of VEGF in diabetic rats during healing of
extraction socket is higher than control group in late period.
- Diabetes is considered an important risk factor for
severe infection of the wound.

- Diabetes induction impaired healing of extraction
wound in comparison with non diabetes group.
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