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Abstract
BACKGROUND: Delayed healing of diabetic wounds has been well-documented. At present, the use of platelet-rich 
plasma (PRP) has attracted great attention in many medical fields including wound healing.

AIM: Histological, immunohistochemical, and ultrastructural evaluation of the effect of PRP on wound healing in the 
tongue of normal and streptozotocin-induced diabetic albino rats.

METHODOLOGY: A total number of 108 adult male albino rats with average weight 200 g were used in the study. 
The animals were classified into two main groups: Non-diabetic and diabetic groups. Each group was further divided 
into three subgroups: Non-treated wound, PRP-treatment before wound, and PRP-treatment after wound. Tongue 
specimens were dissected on post-operative days 1, 3, and 7. The specimens were examined histologically by H&E, 
immunohistochemically by p63 and vimentin, and ultrastructurally by TEM.

RESULTS: The most accelerated wound healing was revealed in the subgroups treated with PRP before the wound, 
whether non-diabetic or diabetic, which occurred very early at the 3rd day post-operative in both cases. While 
complete wound healing was revealed at the 7th day post-operative in both the non-diabetic and diabetic subgroups 
treated with PRP after the wound, which was like the non-diabetic control subgroup. While, the diabetic non-treated 
subgroup only showed partial wound healing at the 7th day post-operative.

CONCLUSION: A single injection of PRP could be used as a prophylactic to prevent expected impaired wound 
healing in diabetic oral mucosal wounds and to enhance wound healing in non-diabetic wounds. PRP could be used 
as a therapeutic to enhance wound healing in diabetic and non-diabetic oral mucosal wounds.
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Introduction

Diabetes mellitus (DM) is one of the most 
common endocrine metabolic disorders in the world. 
World Health Organization (WHO) has recently 
declared it to be a pandemic. It is characterized by 
hyperglycemia due to a total or relative lack of insulin 
secretion and insulin resistance or both [1], [2].

Streptozotocin (STZ) is used to induce diabetes 
in experimental rats. The STZ-induced diabetes results 
in a diabetic status in experimental animals like that 
observed in diabetic patients [3], [4].

It has been well-documented that there is 
delayed or incomplete healing of wounds in diabetic 
humans and in animal models of diabetes. DM affects 
all phases of healing. It alters the function of cells from 
the monocyte-macrophage system which play key roles 
in inflammation and wound healing [5], [6], [7].

In humans and in all mammalian species, 
the wound healing process can be subdivided into 

four distinct consecutive and overlapping phases 
including hemostasis, inflammation, cellular and 
matrix proliferation, and remodeling. These phases 
are regulated by various cells, cytokines, and growth 
factors which can act directly over the responsible 
cells for their release, nearby cells or even distant 
cells [8], [9].

Identification of methods to enhance wound 
healing is a target of significant potential benefit. 
Wounds in high risk circumstances as DM would profit 
from accelerating wound healing [10].

The use of platelet-rich plasma (PRP) to 
enhance wound healing has increased dramatically 
over the last decade. PRP is defined as a portion of 
the plasma fraction of autologous blood with a platelet 
concentration above baseline [11], [12].

At present, the use of PRP has attracted 
great attention and has grown substantially spanning 
many fields of medicine including cardiovascular 
surgery, gastrointestinal medicine, orthopedics, sports 
medicine, dentistry, maxillofacial surgery, wound 
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healing, dermatology, cosmetic surgery, plastic, and 
reconstructive surgery [13], [14], [15].

The main advantage of the therapeutic PRP 
use that makes it attractive for clinical use is that it 
can be prepared from the patient’s own blood without 
complex equipment or staff training. Furthermore, 
because it is autologous, PRP does not provoke 
an immune response in the patient and is therefore 
perceived to have a high margin of therapeutic 
safety [14], [16].

The tongue of white laboratory rats is a well-
developed muscular organ that has an elongated 
shape in the rostrocaudal direction with an extended 
tip. The mucous membrane covers the dorsal, ventral, 
and lateral surfaces of the tongue. The ventral surface 
of the apex of the rat tongue is covered by a thin keratin 
layer and small filiform papillae and a few fungiform 
papillae are localized on the ventral surface of the 
tongue around the edges of the apex, while the ventral 
surface of the body of the tongue is smooth without 
papillae [17], [18].

p63 is a marker of keratinocytes with a 
high proliferative potential and it was reported to 
be involved in the control of physiologic processes, 
such as cell proliferation and migration, related to 
epidermal repair during healing of normal skin in 
humans [19].

Vimentin is a structural protein belonging to the 
type III of intermediate filament proteins. It is a 57 kDa 
intermediate filament protein, which forms a part of the 
cytoskeleton. It is expressed in cells of mesenchymal 
origin which include fibroblasts, endothelial cells, 
macrophages, melanocytes, Schwann cells, and 
lymphocytes. Vimentin is usually not expressed in 
epithelial cells [20], [21].

Transmission electron microscopes (TEMs) 
are capable of imaging at a significantly higher 
resolution than light microscopes. Therefore, TEM can 
be used to investigate tissues and the organization 
of organelles within large cells at nanometer scale 
resolution [22], [23].

Despite the multitude of clinical and basic 
science studies published within the last years, many 
important questions remain unanswered including 
those concerning the best dosing, timing, and 
frequency of PRP injections and optimal physiologic 
conditions for injections [24]. Moreover, whether 
PRP could be used as a prophylactic rather than a 
therapeutic especially in diabetic wounds; is also an 
unanswered issue.

Hence, our study was done to address some 
of these unanswered questions and to find a practical 
method to enhance early wound healing in oral mucosa in 
normal and diabetic tongue. Furthermore, limited studies 
evaluated the effect of PRP immunohistochemically 
and ultrastructurally on oral tissues, which makes the 
present study interesting.

Materials and Methods

Animals: A total number of 108 adult male 
albino rats (average weight = 200 g) were used in this 
study. The animals were housed in cages at the Faculty 
of Medicine, Minia University in Egypt under the optimal 
experimental conditions. Animals were fed on ground 
barley and supplied water ad-libitum. Housing and 
environmental conditions were assured to meet the basic 
needs of the animal subjects. Ethical guidelines for use 
of animals in scientific research were carefully followed 
throughout this experiment in accordance to Tandon 
et al. [25] and to the recommendations and approval of 
the Ethics Committee on animal experimentation of the 
Faculty of Dentistry, Minia University in Egypt.

Experimental design

The animals were classified into two main 
groups:

The non-diabetic group (Group N): 
comprised 54 animals. They were injected with citrate 
buffer  [26],  [27]. These animals were subdivided into 
three subgroups (18 animals each):
•	 Subgroup N1: was the control group. The rats 

received an incisional wound in their tongues. 
These rats were in turn divided into three 
subgroups (six animals each):

•	 Subgroup N1A: The rats were sacrificed on 
the 1st day post-operative.

•	 Subgroup N1B: The wounded tongue was 
injected with saline on post-operative day 1, 
and then the rats were sacrificed on the 3rd 
day post-operative.

•	 Subgroup N1C: The wounded tongue was 
injected with saline on post-operative days 1 
and 3, and then the rats were sacrificed on 
the 7th day post-operative.

•	 Subgroup N2: 0.1 ml of freshly prepared PRP 
was injected in the rats’ tongues 10 min before 
the incisional wound. These rats were in turn 
divided into three subgroups (six animals each):

•	 Subgroup N2A: The rats were sacrificed on 
the 1st day post-operative.

•	 Subgroup N2B: The wounded tongue was 
injected with saline on post-operative day 1, 
and then the rats were sacrificed on the 3rd 
day post-operative.

•	 Subgroup N2C: The wounded tongue was 
injected with saline on post-operative days 1 
and 3, and then the rats were sacrificed on 
the 7th day post-operative.

•	 Subgroup N3: The rats’ tongues were injected 
with 0.1 ml of freshly prepared PRP after the 
incisional wound. These rats were in turn 
divided into three subgroups (six animals each):
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•	 Subgroup N3A: PRP was injected into the 
wounded tongue on post-operative day 0 
and the rats were sacrificed on the 1st day 
post-operative.

•	 Subgroup N3B: PRP was injected into the 
wounded tongue on post-operative days 0 
and 1, and then the rats were sacrificed on 
the 3rd day post-operative.

•	 Subgroup N3C: PRP was injected into the 
wounded tongue on post-operative days 0, 
1, and 3, and then the rats were sacrificed 
on the 7th day post-operative.

The diabetic group (Group D): comprised 
54 animals. Diabetes was induced in these rats by a 
single intraperitoneal injection of 45 mg/kg body weight 
of streptozotocin (STZ) (Sigma, St. Louis, MO, USA) 
dissolved in 0.1 M citrate buffer (pH 4.5) [5]. This group 
in turn was subdivided into three subgroups (18 animals 
each):
•	 Subgroup D1: The rats received an incisional 

wound in their tongues after induction of 
diabetes. These rats were further divided into 
three subgroups (six animals each): D1A, 
D1B, and D1C and the wounded tongue were 
injected with saline like the control subgroups 
N1A, N1B, and N1C, respectively.

•	 Subgroup D2: The diabetic rats were treated 
with PRP before the incisional wound. These 
rats were further divided into three subgroups 
(six animals each): D2A, D2B, and D2C and the 
wounded tongue were injected with saline like 
subgroups N2A, N2B, and N2C, respectively.

•	 Subgroup D3: The diabetic rats were treated 
with PRP after the incisional wound. These 
rats were further divided into three subgroups 
(six animals each): D3A, D3B, and D3C. PRP 
was injected into the wounded tongue on post-
operative days such as subgroups N3A, N3B, 
and N3C, respectively.

Induction of diabetes

After 48 h, the blood glucose level was 
determined among rats that received STZ injection. 
Blood samples were collected through the tail vein and 
the glucose level was estimated using glucometer. Rats 
with persistent blood glucose levels ≥250 mg/dL until 
wounding were confirmed diabetic and used for the 
experiment [26].

Wounding procedure

General anesthesia was induced in all the 
animals using intramuscular injection of ketamine at 
a dose of 20 mg/kg. Then, the incisional wound was 
made on the lateral border of the rat tongue 1 cm length 
and 0.5 cm depth using a small surgical scalpel. These 
measurements were marked on the blade of the scalpel 

to insure that all the wounds were of the same length 
and depth in all the groups [10].

Preparation of PRP

Whole blood was drawn from each rat that 
was going to be treated with PRP, from the retro-
orbital plexus using capillary tube, under general 
anesthesia. The blood was then centrifuged at 6000 
rpm (revolutions/min) for 3 min at room temperature. 
This resulted in separation of blood into three fractions 
which are red blood cells (bottom layer), platelet-poor 
plasma (PPP) (top layer), and PRP (middle layer, 
including white blood cells and platelets [buffy coat]). 
PRP was then aspirated with a pipette and placed in a 
sterile syringe to be ready for injection [28].

PRP treatment: The injection into the tongue 
tissue was done using a 1 mL insulin syringe with a 
needle size 27 gauge × 1/2 inch. The injection was 
2–3  mm deep and was done slowly to allow proper 
diffusion of PRP solution in the tongue tissue [29].

Histological Procedures

On termination of the experiment, the animals 
were humanely sacrificed under general anesthesia 
on post-operative days 1, 3, and 7. The animals were 
anaesthetized by diethyl ether [(C2H)2O] inhalation.

Specimens from the normal and diabetic rats’ 
tongues were carefully dissected perpendicular to the 
wound sites and to the midline of  their tongues. Half 
of these specimens were fixed in 10% neutral buffered 
formalin  for  histological and immunohistochemical 
analysis; the other half of the specimens were fixed in 
glutaraldehyde for 24–48 h at 4oC for  transmission 
electron microscopic analysis. 

Light microscopic preparation

The tongue samples fixed in formalin were 
washed under running tap water, then dehydrated 
through ascending grades of ethyl alcohol, cleared in 
xylol, and embedded in paraffin wax. Sections of 5 µ thick 
were cut, mounted on clean glass slides, and stained 
with routine H&E stain to verify histological details. All 
these methods were adopted according to Drury and 
Wallington [30]. Additional sections were prepared for 
p63 and vimentin immunohistochemical staining.

p63 immunohistochemical staining 
technique

Formalin-fixed, paraffin-embedded tissue blocks 
were cut and picked up onto positively charged slides. 
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The sections were then deparaffinized and rehydrated. 
Antibodies against p63 (Dako, Denmark, M7247, 1:60) 
were then applied to the slides. The p63 antigen was 
retrieved in 1mM EDTA buffer, pH 8, by heating in a 
pressure cooker on high temperature for 15 min. The 
primary antibody was diluted 1:60 and incubated for 30 
min with the sections. Primary antibody and all subsequent 
incubations were 10 min each. Horseradish peroxidase 
conjugated to the final reagent was used to develop the 
brown diaminobenzidine (DAB) chromagen [31].

Vimentin immunohistochemical staining 
technique 

Immunostaining with mouse monoclonal 
vimentin antibody (Dako, Denmark, M0725, 1:200) was 
performed on the formalin-fixed, paraffin-embedded 
tissue blocks; for 30 min at room temperature. After 
rinsing in phosphate-buffered saline, the sections 
were incubated with biotinylated secondary antibody. 
Detection was performed with diaminobenzidine 
(DAB) and counter-stained with Mayer hematoxylin 
followed by dehydration and mounting [32].

Microscopic examination of the 
histological slides

 The prepared slides (H&E, MT, p63, and 
VIM) were examined and photographed using light 
microscope (LEICA, model DM LB100T, Germany) 
connected to digital camera (LEICA Microsystem, Type 
DFC295, Germany) in Histopathology Unit in Faculty of 
Dentistry, Minia University.

Immunohistochemical analysis

Immunohistochemically stained sections (both 
p63 and VIM) were examined using Image J 22 software 
in Histopathology Unit in Faculty of Dentistry, Minia 
University. p63 and VIM immunostaining was measured 
as area fraction in a standard measuring frame in six 
fields in each group using magnification (×200) by light 
microscopy transferred to the screen. The areas showing 
p63 positive (+ve) and VIM +ve brown immunostaining 
were chosen for evaluation, regardless the intensity of 
staining. These areas were masked by a red binary 
color to be measured by the computer system.

Statistical analysis

Data entry and analysis were made using 
Statistical Package for the Social Sciences (SPSS) 
software version 22.0 for Windows. Graphics were 
also done using SPSS. Quantitative data related to the 
area fraction of p63 and VIM immunoreactivity were 
presented as mean and standard deviation values. 
Analysis of variance (ANOVA) test was used to detect 
statistical significance of the difference between all 

groups. The probability of <0.05 was used as a cutoff 
point for all results.

Method of TEM processing

Four blocks (1 × 2 mm) were taken from each 
sample and fixed in 5% cold glutaraldehyde immediately 
after dissecting the animals for 24–48 h. The specimens 
were then washed in cacodylate buffer (pH 7.2) 3–4 
times for 20 min every time and post fixed in 1% osmium 
tetroxide (O4S4) for 2 h, after that washed in the same 
buffer 4 times. Dehydration by ascending grades of 
alcohol (30–50–70–90 and 100% 2 h) of each was done. 
Specimens were then embedded in epon – araldite 
mixture [33]. From the embedded blocks, semithin 
sections by LKB ultramicrotome in thickness of 0.5–1 
micron were prepared for orientation of the tissue. These 
semithin sections were photographed by SC30 Olympus 
camera. Ultrathin sections in thickness of 500–700A were 
made using Leica AG ultramicrotome and contrasted in 
uranyl acetate and lead citrate. Ultrathin sections were 
examined by JEM 100 CXII electron microscope at 80 KV 
and photographed by CCD digital camera Model XR-41 
at the Electron Microscopy Unit of Assiut University.

Results

Before starting the main procedures of the 
experiment, seven rats died after the induction of diabetes 
and so they were replaced. Two STZ-induced diabetic 
rats died during the experiment and were also replaced.
I-Hematoxylin and Eosin Stain Results

First: The non-diabetic group (Group N):
•	 Subgroup N1: On the 1st day post-operative, 

a break in the continuity of the covering 
epithelium where the incision was made was 
revealed in subgroup N1A. The open wound 
was observed with non-keratinized margins. 
There was a wide gap separating the lamina 
propria from the underlying muscle layer. 
On the 3rd day post-operative in subgroup 
N1B, the wound gap appeared to be filled 
with non-keratinized epithelium composed of 
undifferentiated keratinocytes. The granulation 
tissue was composed mainly of fibroblasts and 
newly formed blood vessels. On the 7th day 
post-operative in subgroup N1C, the wound gap 
appeared to be healed with stratified squamous 
epithelium covered by thin layer of keratin. 
Lamina propria showed congested blood 
vessels and perivascular edema (Figure 1).

•	 Subgroup N2: On the 1st day post-operative in 
subgroup N2A, keratinized stratified squamous 
epithelium with edematous keratinocytes partly 
covering the wound site (on one margin) due to 
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sectioning was revealed. The epithelium was 
found to cover granulation tissue composed 
of fibroblasts and newly formed blood vessels. 
On the 3rd day post-operative in subgroup 
N2B, complete healing by formation of lightly 
stained keratinized stratified squamous 
epithelium was displayed. Thin layer of lamina 
propria with absence of granulation tissue was 
shown. Newly formed non-congested blood 
vessels were clearly seen. On the 7th day post-
operative in subgroup N2C, complete healing 
by formation of deeply stained keratinized 
stratified squamous epithelium with well-
differentiated keratinocytes was revealed. Thin 
layer of lamina propria appeared with newly 
formed blood vessels (Figure 1).

•	 Subgroup N3: On the 1st day post-operative in 
subgroup N3A, inflamed keratinized stratified 
squamous epithelium partly covering the 
wound area (on one margin) due to sectioning 
was displayed. Granulation tissue appeared 
with inflammatory cell infiltrate and congested 
blood vessels. On the 3rd day post-operative in 
subgroup N3B, the wound area started to heal by 
formation of thick layer of edematous stratified 
squamous epithelium. Keratinocytes appeared 
to be undifferentiated and there was absence of 
rete pegs. Granulation tissue with inflammatory 
cell infiltrate and newly formed blood vessels 
was seen. On the 7th day post-operative in 
subgroup N3C, complete healing with formation 
of thick layer of keratinized stratified squamous 
epithelium took place. Obvious granular cell 
layer with abundant keratohyalin granules was 
shown. Thin layer of lamina propria with newly 
formed blood vessels was displayed (Figure 1).

	 Second: The diabetic group (Group D):
•	 Subgroup D1: On the 1st day post-operative 

in subgroup D1A, a break in the continuity of 
the covering epithelium where the incision was 
made was revealed. The wound gap appeared 
to be encompassed by non-keratinized 
epithelial margins. Hemorrhage was noticed in 
the wound space. On the 3rd day post-operative 
in subgroup D1B, granulation tissue was clearly 
noticed filling the wound gap and containing 
inflammatory cell infiltrate. Wound margins 
appeared to be composed of keratinized 
stratified squamous epithelium. Extensive 
inflammatory cell infiltrate was apparent in the 
lamina propria. On the 7th day post-operative 
in subgroup D1C, partial healing in the wound 
epithelial covering was noticed with presence 
of small wound gap. The keratinized stratified 
squamous epithelium appeared lightly stained. 
Thin lamina propria was present (Figure 1).

•	 Subgroup D2: On the 1st day post-operative 
in subgroup D2A, thin layer of keratinized 
stratified squamous epithelium partly 

covering the wound site (on one margin) due 
to sectioning was displayed. Thin lamina 
propria with newly formed blood vessels 
was displayed. On the 3rd day post-operative 
in subgroup D2B, the wound appeared to 
be completely healed with thick layer of 
keratinized stratified squamous epithelium 
with edematous keratinocytes. Lamina propria 
presented extensive C.T. composed mainly 
of fibroblasts and inflammatory cell infiltrate 
together with newly formed blood vessels. On 
the 7th day post-operative in subgroup D2C, 
the wound was observed to be completely 
healed with keratinized stratified squamous 
epithelium with edematous keratinocytes and 
regular rete pegs. Lamina propria appeared 
thin with deeply stained fibroblasts (Figure 1).

•	 Subgroup D3: On the 1st day post-operative 
in subgroup D3A, a break in the continuity 
of the covering epithelium where the incision 
was made was revealed. The wound margins 
were found to be covered by a thin layer of 
keratinized stratified squamous epithelium. 
Hemorrhage was noticed in the wound space 
and lamina propria showed widely dilated and 
congested blood vessels. On the 3rd day post-
operative in subgroup D3B, the wound gap 
was noticed to be surrounded by edematous 
keratinized stratified squamous epithelial 
margins. Granulation tissue appeared to 
invade lamina propria with inflammatory cell 
infiltrate, fibroblasts, and newly formed blood 
vessels. On the 7th day post-operative in 
subgroup D3C, the wound area was found to be 
completely healed by thin, lightly stained layer 
of keratinized stratified squamous epithelium 
with regular rete pegs. Lamina propria showed 
thick collagen bundles (Figure 1).

II-p63 Immunohistochemical Stain Results
First: The non-diabetic group (Group N):

•	 Subgroup N1: All control subgroups revealed 
moderate p63 positive nuclear immune reaction 
only in the basal cell layer of the epithelium, 
whether in the wound margins or in the healed 
epithelium. All cells in the lamina propria or 
granulation tissue presented negative p63 
nuclear immune reaction (Figure 2).

•	 Subgroup N2: Subgroup N2A revealed 
moderate p63 positive nuclear immune 
reaction in the basal, suprabasal, and spinous 
cell layers of the epithelium of the wound 
margins. Meanwhile, subgroup N2B revealed 
intense p63 positive nuclear immune reaction 
in the basal and suprabasal cell layers of 
the healed epithelium. As for subgroup N2C, 
it showed moderate p63 positive nuclear 
immune reaction in the basal and suprabasal 
cell layers of the healed epithelium (Figure 2).
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•	 Subgroup N3: Subgroup N3A displayed intense 
p63 positive nuclear immune reaction in the 

basal and suprabasal cell layers, as well as in 
some focal areas in the spinous cell layer of 

Figure 1: Photomicrographs of the wound area of the tongue of Non-diabetic subgroups (N1A, N1B, N1C, N2A, N2B, N2C, N3A, N3B, and 
N3C) and Diabetic subgroups (D1A, D1B, D1C, D2A, D2B, D2C, D3A, D3B, and D3C) showing wound margins (yellow arrow), wound gap 
(star), blood capillaries in lamina propria (red arrow), granulation tissue with inflammatory cell infiltrate (x), and completely healed epithelium 
with keratinized stratified squamous epithelium (green arrow). (H&E X200)
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Figure 2: Photomicrographs of the wound area of the tongue of Non-diabetic subgroups (N1A, N1B, N1C, N2A, N2B, N2C, N3A, N3B, and 
N3C) and diabetic subgroups (D1A, D1B, D1C, D2A, D2B, D2C, D3A, D3B, and D3C) showing wound gap (x), p63 positive nuclear immune 
reaction in the wound margins (yellow arrow), and healed epithelium (green arrow), ranging between weak, moderate or intense immune 
reactions; and ranging in distribution between basal cell layer only; basal and suprabasal cell layers; or basal, suprabasal, and spinous cell 
layers of the epithelium. (p63 X200)
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the epithelium of the wound margins. On the 
other hand, subgroup N3B revealed weak p63 
positive nuclear immune reaction in the basal, 
suprabasal, and spinous cell layers of the 
epithelium of the wound margin. As for subgroup 
N3C, it showed weak p63 positive nuclear 
immune reaction in the basal and suprabasal 
cell layers of the healed epithelium (Figure 2).

	 Second: The Diabetic group (Group D):
•	 Subgroup D1: Subgroups D1A and D1B 

showed moderate p63 positive nuclear immune 
reaction in the basal and suprabasal cell layers 
of the epithelium of the wound margins. As 
for subgroup D1C, it showed moderate p63 
positive nuclear immune reaction in the basal 
and suprabasal cell layers of the partially 
healed epithelium (Figure 2).

•	 Subgroup D2: Moderate p63 positive nuclear 
immune reaction in the basal cell layer of the 
epithelium of the wound margins was revealed 
in subgroup D2A. However, subgroup D2B 
revealed intense p63 positive nuclear immune 
reaction in the basal cell layer of the healed 
epithelium. Moreover, subgroup D2C displayed 
moderate p63 positive nuclear immune reaction 
in the basal cell layer of the healed epithelium 
(Figure 2).

•	 Subgroup D3: Subgroup D3A revealed moderate 
p63 positive nuclear immune reaction in the 
basal cell layer of the epithelium of the wound 
margins. On the other hand, the nuclear immune 
reaction in subgroup D3B was also moderately 
p63 positive but this time it was displayed in 
both the basal and suprabasal cell layers of the 
epithelium of the wound margins. The immune 
reactions in subgroup D3C appeared to be 
moderately p63 positive in the basal cell layer of 
the healed epithelium (Figure 2). 

Statistical analysis of p63 results

When comparing mean p63 area fraction 
between non-diabetic subgroups N1A, N1B, and N1C, 
the mean difference was insignificant (p = 0.43). While 
the mean difference between subgroups N2A, N2B, and 
N2C was highly significant (p = 0.001). Moreover, the 
mean difference between subgroups N3A, N3B, and 
N3C was also highly significant (p = 0.001) (Table 1) and 
(Figure 3).

When comparing mean p63 area fraction 
between diabetic subgroups D1A, D1B, and D1C, the 
mean difference was insignificant (p = 0.44). While the 
mean difference between subgroups D2A, D2B, and D2C 
was highly significant (p = 0.001). Moreover, the mean 
difference between subgroups D3A, D3B, and D3C was 
also highly significant (p = 0.001) (Table 2) and (Figure 4).

Comparison between all the non-diabetic and 
diabetic subgroups during the 1st day post-operative, the 

3rd day post-operative, and the 7th day post-operative 
was exhibited in Tables 3-5, respectively. 
III-Vimentin (VIM) Immunohistochemical Stain 
Results

First: The non-diabetic group (Group N):
•	 Subgroup N1: Subgroup N1A revealed moderate 

VIM positive nuclear immune reaction of 
fibroblasts and endothelial cells of newly formed 
blood vessels in the lamina propria. Subgroup 
N1B displayed intense VIM positive nuclear 
immune reaction. The granulation tissue filling 
the wound gap also showed intense VIM positive 
nuclear immune reaction of inflammatory cells. 
Meanwhile, subgroup N1C revealed moderate 
VIM positive nuclear immune reaction. The 
epithelium showed negative nuclear immune 
reaction for VIM (Figure 5).

Table 1: Mean p63 area fraction among different subgroups in 
the non-diabetic category

Mean p63 area fraction among non-diabetic group (N)
1st day post-
operative (A)

3rd day post-
operative (B)

7th day post-
operative (C)

P value

Wound only (N1) 3.05 ± 1.1 3.75 ± 1.03 3.83 ± 1.2 F = 0.90
P = 0.43

PRP before wound (N2) 6.81 ± 0.77 12.34  ± 1.8 6.22 ± 0.64 F = 49.54
P = 0.001*

PRP after wound (N3) 13.20 ± 2.7 8.37 ± 1.3 7.26 ± 0.99 F = 17.57
P = 0.001*

ANOVA test was used to compare means. The mean difference is significant at p ≤ 0.05 (*).

Table 2: Mean p63 area fraction among different subgroups in 
the diabetic category

Mean p63 area fraction among diabetic group (D)
1st day
post-operative (A)

3rd day post-
operative (B)

7th day post-
operative (C)

p value

Wound only (D1) 5.78 ± 2.4 7.19 ± 3.2 7.53 ± 1.3 F = 0.86
p = 0.44

PRP before wound (D2) 5.98 ± 1.7 11.74 ± 2.8 6.83 ± 1.3 F = 14.50
p = 0.001*

PRP after wound (D3) 3.67 ± 0.80 8.54 ± 2.58 7.13 ± 0.91 f = 13.90
p = 0.001*

ANOVA test was used to compare means. The mean difference is significant at p ≤ 0.05 (*).

Figure 3: Comparison of mean values of p63 area fraction among the 
different subgroups in the Non-diabetic group (N)
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•	 Subgroup N3: Subgroup N3A displayed 
moderate VIM positive immune reaction of 
fibroblasts and endothelial cells of newly formed 
blood vessels in the lamina propria. However, 
subgroup N3B revealed intense VIM positive 
immune reaction. The granulation tissue filling 
the wound gap exhibited intense VIM positive 
nuclear immune reaction of inflammatory 
cells and fibroblasts. As for subgroup N3C, 
it showed moderate VIM positive immune 
reaction of fibroblasts and endothelial cells 
of newly formed blood vessels in the lamina 
propria. The epithelium of subgroups N3B 
and N3C showed negative nuclear immune 
reaction for VIM, except for some scattered 
cells which appeared to be positive for VIM. 
(Figure 5).

Table 5: Mean p63 area fraction among different subgroups in 
the 7th day post-operative 

Mean p63 area fraction among 7th day post-operative 
subgroups (C)
Non-diabetic (N) Diabetic (D) p value

Wound only (1) 3.83 ± 1.2 7.53 ± 1.3 f = 24.93
p = 0.001*

PRP before wound (2) 6.22 ± 0.64 6.83 ± 1.3 f = 1.05
p = 0.33

PRP after wound (3) 7.26 ± 0.99 7.13 ± 0.91 f = 0.06
p = 0.81

P value F = 19.3
p = 0.001*

F = 0.51
p = 0.61

ANOVA test was used to compare means. The mean difference is significant at p ≤ 0.05 (*).

Second: The diabetic group (Group D):
•	 Subgroup D1: Subgroup D1A and D1B 

exhibited intense VIM positive immune reaction 
of fibroblasts and endothelial cells of newly 
formed blood vessels in the lamina propria. The 
granulation tissue filling the wound gap also 
revealed intense VIM positive nuclear immune 
reaction of inflammatory cells and fibroblasts. 
Moreover, subgroup D1C displayed moderate 
VIM positive immune reaction of fibroblasts, 
inflammatory cells, and endothelial cells of 
newly formed blood vessels in the lamina 
propria (Figure 5).

•	 Subgroup D2: Subgroup D2A displayed intense 
VIM positive immune reaction of fibroblasts 
and endothelial cells of newly formed blood 
vessels in the lamina propria. Regarding 
subgroup D2B and D2C, they exhibited 
intense VIM positive nuclear immune reaction 
of inflammatory cells and fibroblasts present 
in the granulation tissue. Endothelial cells of 
newly formed blood vessels and fibroblasts in 
the lamina propria appeared to be with intense 
VIM positive nuclear immune reaction. The 
healed epithelium in both subgroups revealed 
negative nuclear immune reaction for VIM 
with the presence of some non-keratinocytes 
showing positive nuclear immune reaction for 
VIM (Figure 5).

•	 Subgroup D3: Moderate VIM positive immune 
reaction of fibroblasts and endothelial cells 

•	 Subgroup N2: Intense VIM positive immune 
reaction of fibroblasts and endothelial cells 
of newly formed blood vessels in the lamina

Table 3: Mean p63 area fraction among different subgroups in 
the 1st day post-operative

Mean p63 area fraction among 1st day post-operative 
subgroups (A)
Non-diabetic (N) Diabetic (D) P value

Wound only (1) 3.05 ± 1.1 5.78 ± 2.4 f = 6.26
p = 0.03*

PRP before wound (2) 6.81 ± 0.77 5.98 ± 1.65 f = 1.24
p = 0.29

PRP after wound (3) 13.20 ± 2.7 3.67 ± 0.80 f = 67.13
p = 0.001*

P value F = 51.34
p = 0.001*

F = 3.16
p = 0.07

ANOVA test was used to compare means. The mean difference is significant at p ≤ 0.05 (*).

	 propria was obvious in subgroup N2A. The 
granulation tissue filling the wound gap also 
exhibited intense VIM positive nuclear immune 
reaction of inflammatory cells and fibroblasts. 
On the other hand, in subgroup N2B and 
N2C, the immune reactions of fibroblasts 
and endothelial cells of newly formed blood 
vessels in the lamina propria were found to 
be moderately positive for VIM. The newly 
formed blood vessels were most numerous in 
subgroup N2C (Figure 5).

Table 4: Mean p63 area fraction among different subgroups in 
the 3rd day post-operative

Mean p63 area fraction among 3rd day post-operative 
subgroups (B)
Non-diabetic (N) Diabetic (D) p value

Wound only (1) 3.75 ± 1.03 7.19 ± 3.2 F = 6.26
p = 0.04*

PRP before wound (2) 12.34 ± 1.8 11.74 ± 2.8 F = 0.20
p = 0.67

PRP after wound (3) 8.37 ± 1.3 8.54 ± 2.6 f = 0.02
p = 0.89

P value F = 55.87
p = 0.001*

F = 4.02
p = 0.04*

ANOVA test was used to compare means. The mean difference is significant at p ≤ 0.05 (*).

Figure 4: Comparison of mean values of p63 area fraction among the 
different subgroups in the Diabetic group (D)
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Figure 5: Photomicrographs of the wound area of the tongue of Non-diabetic subgroups (N1A, N1B, N1C, N2A, N2B, N2C, N3A, N3B, and 
N3C) and diabetic subgroups (D1A, D1B, D1C, D2A, D2B, D2C, D3A, D3B, and D3C) showing wound gap (x); granulation tissue with intense 
VIM +ve nuclear immune reaction of inflammatory cells (star); VIM +ve nuclear immune reaction of fibroblasts and endothelial cells of newly 
formed blood vessels (red arrows) in the lamina propria ranging between moderate and intense immune reactions; +ve VIM nuclear immune 
reaction in the wound margins (yellow arrow), and in healed epithelium (green arrow); and some non-keratinocytes showing +ve VIM nuclear 
immune reaction (black arrowhead). (VIM X200)
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of numerous newly formed blood vessels in 
the lamina propria was obvious in subgroup 
D3A. The blood vessels were noticed to be 
dilated. Meanwhile, in the subgroup D3B, 
the granulation tissue occupying the wound 
gap was found to exhibit intense VIM positive 
nuclear immune reaction of inflammatory cells 
and fibroblasts. The lamina propria contained 
fibroblasts and endothelial cells of newly 
formed blood vessels which showed intense 
positive nuclear immune reaction for VIM. As 
for subgroup D3C, the immune reaction of 
fibroblasts, inflammatory cells, and endothelial 
cells of newly formed blood vessels in the 
lamina propria was intensely positive for VIM. 
The healed epithelium revealed the presence 
of some non-keratinocytes displaying positive 
nuclear immune reaction for VIM (Figure 5).

Figure 6: Comparison of mean values of VIM area fraction among the 
different subgroups in the Non-diabetic group (N)

Statistical analysis of VIM results

When comparing mean VIM area fraction 
between non-diabetic subgroups N1A, N1B and N1C, 
the mean difference was highly significant (p = 0.003). 
Moreover, the mean difference between subgroups 
N2A, N2B, and N2C was also highly significant 
(p = 0.001). The mean difference between subgroups 
N3A, N3B, and N3C was likewise highly significant 
(p = 0.001) (Table 6) and (Figure 6). 
Table 6: Mean VIM area fraction among different subgroups in 
the non-diabetic category

Mean VIM area fraction among non-diabetic group (N)
1st day
post-operative (A)

3rd day post-
operative (B)

7th day
post-operative (C)

p value

Wound only (N1) 10.67 ± 3.3 18.32 ± 4.3 16.09 ± 1.3 F = 9.1
p = 0.003*

PRP before 
wound (N2)

28.64 ± 5.8 14.49 ± 1.7 14.14 ± 1.6 F = 31.11
p = 0.001*

PRP after wound 
(N3)

13.12 ± 2.9 22.84 ± 4.3 16.86 ± 2.1 F = 13.8
p = 0.001*

ANOVA test was used to compare means. The mean difference is significant at p ≤ 0.05 (*).

When comparing mean VIM area fraction 
between diabetic subgroups D1A, D1B, and D1C, the 
mean difference was significant (p = 0.02). In addition, 
the mean difference between subgroups D2A, D2B, 
and D2C was highly significant (p = 0.001). The mean 
difference between subgroups D3A, D3B, and D3C 
was also highly significant (p = 0.001) (Table  7) and 
(Figure 7).
Table 7: Mean VIM area fraction among different subgroups in 
the diabetic category

Mean VIM area fraction among diabetic group (D)
1st day post-
operative (A)

3rd day post-
operative (B)

7th day post-
operative (C)

p value

Wound only (D1) 28.32 ± 4.7 29.81 ± 3.5 23.65 ± 1.9 F = 4.91
p = 0.02*

PRP before wound (D2) 16.85 ± 2.7 30.22 ± 2.5 24.60 ± 1.9 F = 47.6
p = 0.001*

PRP after wound (D3) 10.82 ± 3.1 29.38 ± 5.7 23.92 ± 2.5 F = 34.4
p = 0.001*

ANOVA test was used to compare means. The mean difference is significant at p ≤ 0.05 (*).

Comparison between all the non-diabetic and 
diabetic subgroups during the 1st day post-operative, the 
3rd day post-operative, and the 7th day post-operative 
was exhibited in Tables 8-10, respectively.
IV- Transmission Electron Microscope Results

     First: The non-diabetic group (Group N):
•	 Subgroup N1: Ultra-thin sections of the 

wound area of the tongue of subgroup N1A 
and N1B, under TEM, displayed polyhedral 
cells having light electron dens cytoplasm 
and large indented vesicular nucleus 
containing two nucleoli. The basal cell layer 
appeared with presence of desmosomes and 
wide intercellular spaces in between the cells. 
Examination of subgroup N1C, under TEM, 
displayed the basal cell layer in the healing 
area showing indentation of the nucleus and 

Figure 7: Comparison of mean values of VIM area fraction among the 
different subgroups in the Diabetic group (D)
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vacuolation of the cell with condensation of 
the nuclear chromatin. The cytoplasm of the 
cells was rich in free ribosomes. The sub-
epithelial C.T. was formed of well-developed 
collagenous C.T. containing collagen bundles, 
fibrocytes, and blood capillaries (Figure 8).

Table 8: Mean VIM area fraction among different subgroups in 
the 1st day post-operative

Mean VIM area fraction among 1st day post-operative subgroups (A)
Non-diabetic (N) Diabetic (D) P value

Wound only (1) 10.67 ± 3.3 28.32 ± 4.7 F = 57.4
p = 0.001*

PRP before wound 
(2)

28.64 ± 5.8 16.85 ± 2.7 F = 20.11
p = 0.001*

PRP after wound 
(3)

13.12 ± 2.9 10.82 ± 3.1 F = 1.7
p = 0.22

P value F = 31.9
p = 0.001*

F = 36.85
p = 0.001*

ANOVA test was used to compare means. The mean difference is significant at p ≤ 0.05 (*).

•	 Subgroup N2: Ultra-thin sections of 
subgroup N2A, under TEM, displayed 
elongated basal cells having indented 
vesicular nucleus, containing nucleolus and 
their cytoplasm was rich in free ribosomes, 
in addition to presence of some cells 
containing two nuclei. Subgroup N2B, 
under TEM, displayed the basal cell layer 
as elongated or cuboidal cells having large 
vesicular indented nucleus, some of which 
were in state of mitosis, and presence of 
wide intercellular spaces with desmosomes. 
Neutrophil cells containing a lobulated 
nucleus and lysosomal granules, as well 
as presence of macrophages, fibroblasts, 
collagen fibers, and red blood cells were 
observed in the lamina propria. Under TEM, 
subgroup N2C revealed large epithelial 
cells having large indented vesicular 
nucleus containing prominent nucleolus, 
and their cytoplasm rich in cell organelles 
especially free ribosomes. Meanwhile, the 
surface epithelial cells contained in their 
cytoplasm electron dens spherical hyaline 
granules which were variable in size, and 
their nucleus was light electron dens and 
indented (Figure 9).

Table 9: Mean VIM area fraction among different subgroups in 
the 3rd day post-operative

Mean VIM area fraction among 3rd day post-operative subgroups (B)
Non-diabetic (N) Diabetic (D) p value

Wound only (1) 18.32 ± 4.3 29.81 ± 3.5 F = 25.9
p = 0.001*

PRP before 
wound (2)

14.49 ± 1.7 30.22 ± 2.5 F = 162.39
p = 0.001*

PRP after 
wound (3)

22.84 ± 4.3 29.38 ± 5.7 F = 28.62
p = 0.001*

P value F = 7.95
p = 0.004*

F = 0.06
p = 0.94

ANOVA test was used to compare means. The mean difference is significant at p ≤ 0.05 (*).

•	 Subgroup N3: Ultra-thin sections of 
subgroup N3A, under TEM, displayed the 
epithelial layers with presence of edema in 
the intercellular spaces and with separation 
of the desmosomes. The nucleus of the 
epithelial cell contained a prominent 
nucleolus. Meanwhile, the sub-epithelial 
tissue in the wound area showed edema, 

neutrophil, and macrophage cell infiltration, 
as well as presence of blood vessels. Ultra-
thin sections of subgroup N3B, under TEM, 
displayed the basal cells arranged in one 
cell line or multicellular layers of epithelial 
cells each having a nucleus variable in size 
and electron density and their cytoplasm 
was vacuolated. Subgroup N3C, under 
TEM, displayed the basal cells having large 
vesicular nucleus, some of which contained 
two nuclei and the cytoplasm was rich in 
free ribosomes. The surface epithelial cells 
were arranged in lamellar manner and 
their nucleus contained a nucleolus with 
presence of perinuclear space and their 
cytoplasm contained small electron dens 
hyaline granules (Figure 10).

Table 10: Mean VIM area fraction among different subgroups in 
the 7th day post-operative

Mean VIM area fraction among 7th day post-operative subgroups (C)
Non-diabetic (N) Diabetic (D) p value

Wound only (1) 16.09 ± 1.3 23.65 ± 1.9 F = 67.97
p = 0.001*

PRP before 
wound (2)

14.14 ± 1.6 24.60 ± 1.9 F = 109.18
p = 0.001*

PRP after 
wound (3)

16.86 ± 2.1 23.92 ± 2.5 F = 28.62
p = 0.001*

P value F = 4.25
p = 0.04*

F = 0.32
p = 0.73

ANOVA test was used to compare means. The mean difference is significant at p ≤ 0.05 (*).

    Second: The diabetic group (Group D):
•	 Subgroup D1: Ultra-thin sections of 

subgroup D1A, under TEM, displayed 
elongated basal cells with large vesicular 
hyper-chromatic indented nucleus. 
Moreover, numerous layers of proliferating 
epithelial cells variable in size having 
large vesicular nucleus, vacuolated 
cytoplasm, wide intercellular spaces, and 
desmosomes were displayed in the upper 
epithelial layers. The sub-epithelial tissue 
was formed of fibrocytes, collagen fibers, 
myelinated nerve fibers, and macrophage 
cells containing electron dens lysosomes. 
Ultra-thin sections of subgroup D1B, 
under TEM, showed marked degenerative 
changes of the epithelial cells with 
presence of fat globules in their cytoplasm. 
Moreover, the sub-epithelial area of 
the wound displayed the presence of 
electron dens bacterial organisms, fungal 
organisms, macrophages, tissue debris, 
and edema. Subgroup D1C, under TEM, 
displayed elongated basal cells having 
large vesicular indented nucleus containing 
one or two prominent nucleoli and their 
cytoplasm was rich in free ribosomes, with 
the presence of numerous intercellular 
vacuoles (Figure 11).

•	 Subgroup D2: Ultra-thin sections of 
subgroup D2A, under TEM, displayed the 
basal cells having large vesicular nucleus 
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which contained large nucleolus and 
their cytoplasm contained mitochondria 
and free ribosomes, with presence of 
intercellular spaces and connections. 
The lamina propria in the wound area 
contained macrophages, neutrophils 
with lobulated nucleus, mast cells, 
collagen fibers, edema, blood capillaries, 

and myelinated nerve fibers. Ultra-thin 
sections of subgroup D2B displayed the 
basal cells with large vesicular indented 
nucleus containing nucleolus and their 
cytoplasm was rich in free ribosomes. The 
presence of some cells with two nuclei 
was also noticed. Subgroup D2C, under 
TEM, displayed the basal cells with large 

Figure 8: T.E. micrograph of the wound margin of subgroup N1A and N1B showing polyhedral cell with light electron dens cytoplasm, large 
indented vesicular nucleus (N), two nucleoli (ne), and basal cells (Bc) with desmosomes (arrow) and wide intercellular spaces (X); the 
regenerated wound area of subgroup N1C showing the regenerated epithelial mucosa (XX) and collagen bundles (Co), fibrocytes (Fc) and 
blood capillaries (C) in the lamina propria
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indented vesicular nucleus containing 
prominent nucleolus. The superficial cells 
had indented nucleus and their cytoplasm 
contained large amount of variable sized 
homogenous electron dens hyaline 
granules (Figure 12).

•	 Subgroup D3: Ultra-thin sections of 
subgroup D3A, under TEM, displayed 

cells with large indented nucleus and small 
amount of cytoplasm. The intercellular 
junctions were present in some areas and 
absent in other areas especially near the 
basal layer with wideness of the intercellular 
spaces. Subgroup D3B, under TEM, 
displayed marked degenerative changes of 
vacuolar type in the epithelial covering with 

Figure 9: T.E. micrograph of the covering epithelium of the wound area of subgroup N2A showing elongated basal cells with indented vesicular 
nucleus (N), nucleolus (ne), cytoplasm rich in free ribosomes (r), and cells with two nuclei (X); the sub-epithelial tissue of wound healing 
area of subgroup N2B showing neutrophil cell (Nc) with lobulated nucleus and lysosomal granules (arrow), macrophages (Mc), fibroblasts 
(Fc), collagen fibers (Co) and red blood cells (RBC); the regenerated covering epithelium of the wound area of subgroup N2C showing large 
epithelial cells with large indented vesicular nucleus (N), prominent nucleolus (ne), and cytoplasm rich in free ribosomes (r)
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presence of fat globules. Moreover, large 
amount of macrophage cells containing 
large amount of electron dens particles 
either tissue debris or bacterial organisms 
were observed. Under TEM, subgroup D3C 
showed elongated basal cells containing 
indented vesicular nucleus and their 
cytoplasm was rich in free ribosomes and 
contained numerous vacuoles (Figure 13).

Discussion

Oral mucosa has the primary function of 
protecting the underlying tissues and limiting entry of 
microorganisms and toxins. Interruption in the continuity 
of the oral mucosa compromises this function. Therefore, 
an effective system of wound healing is required to restore 
the structure and function of the tissue after damage [9].

Figure 10: T.E. micrograph of the sub-epithelial tissue in the wound area of subgroup N3A showing edema (Ed), neutrophil (Nc) and macrophage 
cell (Mc) infiltration; the wound margin of subgroup N3B showing the basal cells arranged in one cell line or multicellular layers with nucleus 
(N) variable in size and electron density and vacuolated cytoplasm (V); the regenerated wound area of subgroup N3C showing the surface 
epithelial cells arranged in lamellar manner,  nucleus (N) with nucleolus (ne), and cytoplasm with small electron dens hyaline granules (arrow)
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In the present study, rat tongue was the 
model of choice as it provides adequate tissue 
sampling and adequate space for intra-oral incisional 
wound. In addition, the lateral surface of the tongue 
was chosen as it is non-papillated and is covered with 
keratinized epithelium and can therefore express most 

of the epithelial tissues of oral mucosa. Moreover, 
keratinized epithelium is similar to skin and so we can 
compare the results with dermal researches [34].

We evaluated wound healing in both diabetic 
and non-diabetic incisional wounds in a shorter duration 
interval than in skin wounds [35], [36] because oral 

Figure 11: T.E. micrograph of the basal cell layer and the sub-epithelial layer of the wound of subgroup D1A showing elongated basal cells 
(Bc), large vesicular indented nucleus (N) and fibrocytes (Fc), collagen fiber (Co), myelinated nerve fiber (Nv), and macrophage cells (Ma) 
with electron dens lysosomes (arrow) in the lamina propria; the sub-epithelial area of the wound of subgroup D1B showing electron dens 
bacterial organism (b), fungal organism (fu), macrophages (Ma), tissue debris (De), and edema (Ed); the epithelial covering in the wound area 
of subgroup D1C showing elongated basal cells, large vesicular indented nucleus (N), one or two prominent nucleoli (ne) and cytoplasm rich in 
free ribosomes (r), numerous intercellular vacuoles (V), and the surface epithelial cell layers appear flattened having vesicular nucleus
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mucosal wound healing generally proceeds faster than 
in skin [37].

Direct consequences of diabetes that severely 
affect wound healing process include delay in cell 
proliferation and decrease in collagen metabolism and 
all other granulation tissue components [38]. Moreover, 
it was reported by Abiko and Selimovic [39] that 

decreased growth factor production might be involved 
in the impaired wound healing capacity of the oral 
mucosa in diabetes.

From this point, we postulated that delivering 
concentrated amounts of growth factors to the wound 
site using PRP might have a prophylactic and/or 
therapeutic effect on wound healing in diabetes. In as 

Figure 12: T.E. micrograph of the lamina propria in the regenerating wound area of subgroup D2A showing neutrophil cell with lobulated 
nucleus (N), macrophage cell (Ma), mast cell (Mc), edema (E), and blood capillary (C); the regenerated epithelium in the wound area of 
subgroup D2B showing basal cells with large vesicular indented nucleus (N), nucleolus (ne), cytoplasm rich in free ribosomes (r), and some 
binucleated cells (X); the regenerated epithelium in the wound area of subgroup D2C showing superficial cells with indented nucleus (N) and 
large amount of variable sized homogenous electron dens hyaline granules (arrow) in cytoplasm
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much as, it was suggested by Kidman [40] for further 
researches, that the addition of growth factors and 
other substances lacking in the diabetic wound might 
improve wound healing.

In the current study, PRP injection was 
performed rather than using the gel form because 
the injection technique is simple, convenient, and 
provides selective distribution in target regions of the 

wound, therefore, reduces the required volume of 
PRP [41].

As the inflammatory phase subsides during 
the wound healing process, regeneration of the injured 
tissues begins first in the epithelium and then proceeds 
in the connective tissue (C.T.) [9]. 

In our study, we evaluated both epithelium 
and C.T. during wound healing by various histological 

Figure 13: T.E. micrograph of the regenerating epithelium of the wound area of subgroup D3A showing cells with large indented nucleus (N), 
intercellular junctions (arrow), and wide intercellular spaces (x); the wound area of subgroup D3B showing large amount of macrophage cells with 
large amount of electron dens particles either tissue debris or bacterial organisms (arrow); the epithelial covering in the healed wound area of 
subgroup D3C showing elongated basal cells with indented vesicular nucleus (N), cytoplasm rich in free ribosomes (r), and numerous vacuoles (V)
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methods including routine H&E histological stain 
and ultrastructural examination by TEM. While, 
p63 immunohistochemical stain was used to study 
only the epithelial component; vimentin (VIM) 
immunohistochemical stain was concerned with the 
evaluation of the C.T. component of wound healing.

Epithelialization is defined as a process of 
covering denuded epithelial surface. It is an essential 
component of wound healing used as a defining 
parameter of its success. A wound cannot be considered 
healed in the absence of re-epithelialization [42].

In the control group (subgroup N1), the light 
microscopic H&E examination and the ultrastructural 
TEM examination revealed complete re-epithelialization 
of the wound area at the 7th day post-operative. Similar 
results were described in the control group in the study by 
Rashed et al. [43] but with some variation in the durations 
because their study was done on buccal mucosal ulcers.

Ultrastructurally, the basal cells of subgroup 
N1 in the 1st and 3rd days post-operative showed 
wideness of the intercellular spaces with presence of 
desmosomes. This could be explained by Nanci [9] 
who stated that any damage to the epithelium results 
in mobilization and migration of epithelial cells at the 
wound margin. The cells lose their close attachment 
to each other and to the underlying C.T. within 24 h of 
wounding which is viewed histologically as a widening 
of the intercellular spaces.

Moderate p63 +ve nuclear immune reaction 
was displayed only in the basal cell layer of the 
epithelium of subgroup N1 at all the durations of our 
experiment, whether in the wound margins or in the 
healed epithelium. This pattern of p63 expression was 
consistent with the p63 nuclear localization described 
by Di Como et al. [44] in normal stratified squamous 
epithelia.

New C.T. begins to form approximately 
2–4 days after wounding, and it is called granulation 
tissue. Cells and proliferating capillaries are the two 
major components of granulation tissue. The cells are 
chiefly fibroblasts and inflammatory cells, including 
macrophages, lymphocytes, plasma cells, and 
neutrophils depending on the stage and development 
of the granulation tissue and the presence of 
infection [45], [46].

Regarding the C.T. component during wound 
healing in subgroup N1, H&E histological examination 
in addition to VIM immunohistochemical examination 
displayed the formation of granulation tissue on the 3rd 
day post-operative. Angiogenesis was obvious in the 3rd 
and 7th days post-operative. In addition, ultrastructural 
examination revealed well-developed collagenous C.T. 
containing collagen bundles, fibrocytes, and blood 
capillaries in the lamina propria in the 7th day post-
operative in subgroup N1.

In accordance to our results, H&E histological 
examination in the study by Gazaerly et al. [10] 

revealed the C.T. with few fibroblasts and endothelial 
cells with increased amount of collagen in the control 
group at the 14th day post-wounding in rat tongue. 
TEM results of the control group in the same study 
revealed few inflammatory cells, presence of large 
fibroblasts containing dilated RER, and increased 
segments of collagen fibers which were arranged in 
small-unorganized bundles in some areas.

In the present study, it was remarkably noticed 
that the healing process proceeded very rapidly in 
subgroup N2 which received PRP before the wound. 
Complete re-epithelialization of the wound area by lightly 
stained keratinized stratified squamous epithelium was 
displayed in the 3rd day post-operative.

In the study carried out by Gazaerly et al. [10] 
TGF-β1, which is one of the growth factors present in 
PRP, was injected into the dorsal surface of the rat 
tongue 5 minutes before wounding. H&E histological 
examination of the TGF-β1group which is comparable 
to subgroup N2 in our study showed deeply stained 
epithelial basal cell layer and almost completed 
epithelial regeneration earlier than in the control group.

In the 1st day post-operative, TEM examination 
in the current study displayed elongated basal cells in the 
wound margin with indented vesicular nucleus, containing 
nucleolus and their cytoplasm was rich in free ribosomes, 
in addition to presence of some bi-nucleated cells in 
subgroup N2. These were all features of active proliferative 
cells and indicative of protein-synthesizing activity [47].

Immunohistochemical examination revealed 
moderate p63 +ve nuclear immune reaction in 
subgroup N2 at the 1st day post-operative in the basal, 
suprabasal, and spinous cell layers of the epithelium 
of the wound margins. Meanwhile, p63 +ve nuclear 
immune reaction was revealed in the basal and 
suprabasal cell layers of the healed epithelium in the 3rd 
and 7th days post-operative.

These findings came in line with Farahat 
et al.  [48] who reported that the nuclear expression 
of p63 immunostaining involved the entire basal, 
suprabasal, and spinous layers of the epidermis in the 
PRP-treated group. Meanwhile, they reported that p63 
expression involved mainly the basal and suprabasal 
layers in re-epithelialized epidermis in the control 
group. Therefore, this was evidence of faster tissue 
regeneration and epithelialization in the PRP-treated 
group compared to the control group.

As for the granulation tissue, it appeared 
in subgroup N2 in the 1st day post-operative by H&E 
histological examination and VIM immunohistochemical 
examination. It was found to be formed of fibroblasts 
and inflammatory cells, in addition to newly formed 
blood vessels. The granulation tissue filling the wound 
gap exhibited intense VIM +ve nuclear immune reaction 
of inflammatory cells and fibroblasts.

H&E histological examination of the TGF-
β1group in the study by Gazaerly et al. [10] was 
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coincidental with our results as it showed remodeling of 
the C.T. with increased endothelial cell proliferation and 
congested blood vessels with RBCs.

TEM examination of subgroup N2 revealed the 
presence of mononuclear and mast cells in the lamina 
propria in the 1st day post-operative. Neutrophil cells 
with lobulated nucleus and lysosomal granules, as 
well as presence of macrophages, fibroblasts, collagen 
fibers, and RBCs were observed in the lamina propria 
in the 3rd day post-operative.

These findings could be attributed to the 
normal cell response during the inflammatory phase of 
wound healing which is established within the first 24 
hours and can extend for up to two days. The cells that 
enter the wound during the initial inflammatory stage 
are platelets and leukocytes, including neutrophils, 
lymphocytes, mast cells, and macrophages [49], [50]. 
TEM results of the TGF-β1 group in the study by 
Gazaerly et al. [10] were consistent with our results as 
they showed mature appearance of the fibroblasts with 
almost normal RER with many collagen fibers.

Intense VIM +ve immune reaction of fibroblasts 
and endothelial cells of newly formed blood vessels in the 
lamina propria was obvious in subgroup N2 in the 1st day 
post-operative. On the other hand, the immune reaction 
was moderately +ve for VIM in the 3rd and 7th days post-
operative. The newly formed blood vessels were found 
to be most numerous in the 7th day post-operative.

These findings came in accordance with De 
Masi et al. [35] who used VIM as an immunohistochemical 
marker to prove that the use of growth factors accelerated 
wound healing, stimulated greater angiogenic activity, 
and accelerated fibroplasia and collagen maturation. 
Moreover, angiogenesis which was obvious in subgroup 
N2 could be attributed to the presence of VEGF, 
PDGF, and FGF in PRP which are potent angiogenesis 
stimulators [51].

In subgroup N3 which was treated with PRP 
after the wound, H&E examination revealed complete 
re-epithelialization of the wound area at the 7th day post-
operative with thick layer of keratinized stratified squamous 
epithelium. The results of the study by Jee et al. [52] in 
which PRP was injected in cutaneous wounds in dogs on 
days 0, 2, and 4 were coincidental with our results but with 
variation in the durations because the wounds in their study 
were examined microscopically on day 7, 14, and 21.

Furthermore, Molina-Miñano et al. [53] 
studied re-epithelialization and inflammation at 7 
and 28 days in skin wounds in rabbits after applying 
plasma rich in growth factors (PRGF). In the PRGF 
group, re-epithelialization improved in skin at 7 days, 
with resolution of the inflammatory process. These 
observations agreed with our results.

Immunohistochemical evaluation of subgroup 
N3 displayed intense p63 +ve nuclear immune reaction 
in the basal and suprabasal cell layers and in some 
focal areas in the spinous cell layer of the epithelium 

of the wound margins in the 1st day post-operative. On 
the other hand, weak p63 +ve nuclear immune reaction 
in the basal, suprabasal, and spinous cell layers of the 
epithelium of the wound margin was revealed in the 3rd 
day post-operative. These observations agreed with 
Farahat et al. [48] who reported that p63 expression 
involved entire basal, suprabasal, and spinous layers of 
the epidermis in the PRP-treated group and, therefore, 
indicated accelerated wound healing.

By VIM immunohistochemical examination, 
the epithelium of subgroup N3 was found to be 
characterized by the presence of some VIM +ve cells 
scattered in between the –ve VIM keratinocytes in the 3rd 
and 7th days post-operative. These cells were assumed 
to be non-keratinocytes most probably melanocytes 
or inflammatory cells such as lymphocytes because 
the other non-keratinocytes, including Langerhans 
cells and Merkel cells were reported to be –ve to VIM 
immunostaining [54].

The granulation tissue filling the wound 
gap was apparent in subgroup N3 in the 1st and 3rd 
days post-operative as revealed by H&E and VIM 
immunohistochemical examination. Thus, it was 
formed earlier than in the control group (subgroup N1). 
The granulation tissue appeared with inflammatory 
cell infiltrate and newly formed blood vessels. It 
exhibited intense VIM +ve nuclear immune reaction of 
inflammatory cells and fibroblasts.

H&E histological examination done by Ostvar 
et al. [55] came in accordance to our results as it 
revealed increased newly organized collagen bundles 
and relatively advanced epithelium at the wound 
junction of PRP-treated wounds as compared to non-
treated wounds. Several small vessels (angiogenesis) 
were also apparent in the PRP treated tissues, whereas 
only a few vessels were present in control tissues.

Ultrastructurally, the lamina propria in the 
wound area of subgroup N3 in the 1st day post-operative 
showed edema, neutrophil, and macrophage cell 
infiltration, as well as presence of blood vessels. These 
findings could be attributed to the immediate acute 
inflammatory reaction which is caused by tissue injury. 
Neutrophils are the first inflammatory cells to invade the 
wound and usually appear within few hours of injury. 
Macrophages enter the wound after 24 hours [9].

VIM immunohistochemical examination of 
subgroup N3 displayed moderate VIM +ve immune 
reaction of fibroblasts and endothelial cells of newly 
formed blood vessels in the lamina propria in the 1st day 
post-operative. While, the VIM +ve immune reaction 
was intense in the 3rd day post-operative and moderate 
in the 7th day post-operative. These findings came in 
agreement with the study by De Masi et al. [35] where 
skin wounds injected with growth factors revealed VIM 
+ve immune reaction of fibroblasts and blood vessels.

Most of our results regarding subgroup N3 
were in good agreement with Duymus et al. [36] who 



A - Basic Sciences� Histology

686� https://www.id-press.eu/mjms/index

compared the effects of three different forms of PRP 
on the recovery of open dermal wounds in rats. In 
their study, PRP was applied to the wounds on post-
operative days 1, 4, 7, and 10 same as our study. 
They reported that all PRP preparations had significant 
positive effects on wound healing when compared with 
the control group. The mean histopathological scores 
of epithelialization, inflammation, and fibrosis were 
significantly better in all PRP groups than the scores in 
the control group.

Collectively, all the mentioned results in the 
non-diabetic group in the present study revealed 
overall enhanced wound healing in subgroup N3 over 
the control (subgroup N1) although the epithelialization 
rate was similar in both subgroups. On the other hand, 
subgroup N2 demonstrated the highest epithelialization 
rate and the fastest wound healing rate.

Regarding the diabetic group in the current 
study, H&E and TEM examination revealed delayed 
wound healing in subgroup D1 which did not receive 
any PRP treatment. By the 7th day post-operative, 
partial healing with lightly stained keratinized stratified 
squamous epithelium was noticed with presence of 
small wound gap.

This delay in the rate of healing in diabetic 
rats as compared with normal control rats came in 
agreement with Yu et al. [56]. Furthermore, Velander 
et al. [57] reported significant delayed wound healing 
in diabetic pigs as full re-epithelialization occurred 50% 
later in the diabetic than in the non-diabetic pigs. These 
authors assumed that the impaired wound healing in 
diabetes was due to decreased concentration of growth 
factors in the wound fluid especially IGF-1 and TGF-β.

The presence of vacuoles in subgroup 
D1 revealed by TEM examination in the current 
study could be attributed to possible bacterial 
infection. Cytoplasmic vacuolization is a well-known 
morphological phenomenon observed in mammalian 
cells after exposure to bacterial or viral pathogens. 
Bacterial protein toxins can serve as vacuolization 
inducers. Vacuolization in cells is considered as an 
adaptive physiological response, presumably for 
damage limitation [58], [59].

By H&E and MT histological examination, 
thick granulation tissue was clearly noticed filling the 
wound gap and containing inflammatory cell infiltrate 
on the 3rd day post-operative in subgroup D1. However, 
by immunohistochemical examination, the granulation 
tissue appeared with intense VIM +ve nuclear immune 
reaction of inflammatory cells and fibroblasts in both the 
1st and 3rd days post-operative.

The lamina propria of subgroup D1, under 
TEM, appeared to be formed of fibrocytes, collagen 
fibers, myelinated nerve fibers, and macrophage cells 
containing electron dens lysosomes in the 1st day 
post-operative. While in the 3rd day post-operative, the 
lamina propria displayed the presence of electron dens 

bacterial organisms, fungal organisms, macrophages, 
tissue debris, and edema.

These findings assured the presence of 
infection in the wound in subgroup D1. This could be 
explained by Leoni et al. [60] who stated that the mucosal 
epithelium is at the interface of the external environment 
containing bacteria and antigens, and internal tissue 
compartments. Thus, repair of the mucosal surface 
does not occur in a sterile environment.

Diabetes was reported to increase the 
susceptibility to oral infection [39]. Furthermore, 
diabetes was declared to cause impaired production 
of cytokines and their receptors that interfere with the 
function of cells such as macrophages and neutrophils 
which could in turn impair their defensive function 
against bacteria [61].

TEM results of the diabetic group in the study 
by Gazaerly et al. [10] supported our findings as it 
showed abnormal granulation tissue with increased 
numbers of lymphatics and blood vessels and the 
fibroblasts were inactive with notched nucleus, dilated 
RER, and moderate collagen fibrils.

Rapid wound healing was obvious in the 
present study in the diabetic subgroup D2 which was 
treated with PRP before the wound, when compared 
with subgroup D1. Complete re-epithelialization with 
thick edematous layer of keratinized stratified squamous 
epithelium was revealed in subgroup D2 in the 3rd day 
post-operative.

Ultrastructurally, the lamina propria in subgroup 
D2 in the 1st day post-operative was found to contain 
macrophages, neutrophils with lobulated nucleus, mast 
cells, collagen fibers, edema, blood capillaries, and 
myelinated nerve fibers.

Interestingly, these observations proved the 
absence of bacterial infection in subgroup D2 in contrast 
to the case in subgroup D1 which could be attributed 
to the antimicrobial action of PRP [62], [63]. Moreover, 
the presence of neutrophils and macrophages could 
be attributed to their defensive role in wound healing. 
Neutrophils cleanse debris and bacteria to provide a good 
environment for wound healing and macrophages facilitate 
phagocytosis of bacteria and damaged tissue [61].

In agreement with our postulations, Gazaerly 
et al. [10] by TEM examination of the diabetic + TGF-β1 
group reported that wounds were found to be almost 
similar to the non-diabetic control group. Fibroblasts 
had abundant RER and were surrounded by an 
expressive amount of thin and well-organized collagen 
fibrils. Some superficial epithelial cells showed double 
nuclei which is an indication of cell division.

VIM immunohistochemical evaluation of 
subgroup D2 revealed intense VIM +ve immune 
reaction of fibroblasts and endothelial cells of newly 
formed blood vessels in the lamina propria in all the 
durations of the experiment. Moreover, in the 3rd day 
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and 7th days post-operative intense VIM +ve nuclear 
immune reaction of inflammatory cells and fibroblasts 
present in the granulation tissue was exhibited.

The quantity of capillaries and fibroblasts 
determine the duration of wound healing. The presence 
of a large quantity of granulation tissue and abundant 
capillaries is an indication of accelerated wound 
healing [56].

As for the diabetic subgroup D3 which 
received PRP treatment after the wound, complete 
re-epithelialization by thin, lightly stained keratinized 
stratified squamous epithelium with regular rete pegs 
was observed in the 7th day post-operative.

Our H&E histological results came in one line 
with Farahat et al. [48] who evaluated the effect of 
PRP on chronic wound healing in 20 patients with 
chronic wounds of different causes including diabetic 
ulcers. Partial re-epithelialization of the epidermis 
in the control group with a region of angiogenesis 
compared to complete re-epithelialization of the 
epidermis was revealed on the 7th day in the PRP-
treated group.

H&E histological stain and VIM 
immunohistochemical examination displayed 
granulation tissue in the 3rd day post-operative in 
subgroup D3. The granulation tissue occupying the 
wound gap was found to exhibit intense VIM +ve 
nuclear immune reaction of inflammatory cells and 
fibroblasts.

Large amount of macrophage cells containing 
large amount of electron dens particles either tissue 
debris or bacterial organisms were observed in 
subgroup D3 in the 3rd day post-operative under TEM 
examination. These findings could be explained by the 
fact that platelets in PRP produce signaling proteins 
that attract macrophages and so play a role in host 
defense mechanism at the wound site [60], [64]. 
Accordingly, authors in the current study assumed 
that PRP protected the diabetic wound from further 
bacterial infection in subgroup D3. This postulation 
was confirmed by Marx [65] who stated that PRP could 
inhibit bacterial growth.

In accordance with our results, Venter et al. [5] 
demonstrated that PRP-treated diabetic wounds 
showed faster wound closure. The neo-epidermis was 
thick and granulation tissue was more developed in 
PRP-treated rats than in control rats.

Taken together, all the observations of the 
present study revealed the most accelerated wound 
healing in the subgroups treated with PRP before 
the wound, whether non-diabetic or diabetic, which 
occurred very early at the 3rd day post-operative in 
both cases. While complete wound healing was 
revealed at the 7th day post-operative in both the 
non-diabetic and diabetic subgroups treated with 
PRP after the wound, which was like the non-diabetic 
control subgroup. While, the diabetic non-treated 

subgroup only showed partial wound healing at the 7th 
day post-operative.

Conclusion

It was concluded that a single injection of PRP 
could be used as a prophylactic to prevent expected 
impaired wound healing in diabetic oral mucosal 
wounds and to enhance wound healing in non-diabetic 
wounds. It was also concluded that PRP could be used 
as a therapeutic to accelerate wound healing in diabetic 
oral mucosal wounds as it could raise the rate of healing 
to a level like normal wound healing. In addition, PRP 
could be used as a therapeutic to enhance wound 
healing in non-diabetic wounds.
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