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ABSTRACT

Introduction: Diabetes mellitus (DM) is a metabolic disorder that has many complications like cardiovascular diseases,
diabetic nephropathy and unhealed diabetic skin wounds.

Aim of the Work: To evaluate the possible curative effect of insulin and platelet rich plasma (PRP) on diabetic skin wounds
induced in adult male albino rats.

Materials and Methods: 50 adult male albino rats, with an average body weight 150-200 gm, were divided into (control and
experimental groups). The control groups (20 rats) that were equally subdivided into two groups (control I: normal healthy
rats with intact skin and control II: diabetic rats with non-treated skin wounds managed with local intradermal saline injections
500 pL once daily at wounds margins). Experimental groups (30 rats) that were equally further subdivided into three groups;
Insulin treated group [: diabetic rats with local intradermal insulin injections 0.5 U/500 pL once daily at wounds margins. PRP
treated group II: diabetic rats with local intradermal PRP injections 500 pl as a single dose at wounds margins. Combined
treated group III: diabetic rats with local intradermal combined PRP and insulin injections with 2 hours intervals. Each group
in the control and experimental groups was further subdivided into 2 subgroups A and B according to the time of sacrification
after 14 and 21 days post wounds induction respectively.

Results: The experimental groups showed significant improvement in wound closure, epidermis regeneration and increased
collagen deposition as compared to non -treated control group II. The insulin and combined treated groups showed increased
collagen deposition as compared to PRP treated group, however, the combined group showed the best results.

Conclusion: Local combined treatment with insulin and PRP showed a rapid rate of diabetic wounds closure.
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INTRODUCTION cytokines such as vascular endothelial growth factor
(VEGF), transforming growth factor-p (TGF-B) and
platelet-derived endothelial cell growth factor (PDGF)!"!.

Diabetes mellitus has many complications like diabetic
nephropathy and diabetic foot ulcers. This is secondary to
peripheral neuropathy, tissue hypoxia, microangiopathy E-cadherin is a well-known epithelial marker and its
and decreased collagen synthesist'. loss within a part of the cell membrane of epithelial cells
can mediate cell migration. A recognized example of this
occurs during the process of re-epithelialization in the
wound healing in the skin®. The keratinocytes at the edge
of the wound downregulate E-cadherin but maintain their
association with their neighbors to pull them as a sheet
over the gap in the tissue. The epithelial sheet cells over the

Although growth factors and stem cells have shown
efficacy in promoting wound healing, these therapies are
highly expensive and their safety remains to be evaluated.
Therefore, low-cost and safe strategies to improve wound
healing will be of great social and economic value!.

Insulin is a peptide hormone and growth factor that can wound site forms a structure known as an epithelial tongue
restore damaged skinPl. The systemic insulin treatment and is a form of collective cell migration that proficiently
reduces infections after surgical procedurest; however, closes the gap within the tissuel.

this treatment has a disadvantage of inducing hypoglycemia
and hypokalemia. In contrast, topical insulin improves
wound healing without changing blood glucose levels in
diabetic and non-diabetic patients®.

Vimentin, known as fibroblast intermediate filament,
is considered as a mesenchymal marker. Vimentin has
a role in wound healing as it acts as a coordinator for
fibroblast proliferation, keratinocyte differentiation,

Nowadays, the use of platelet-rich plasma (PRP) offers collagen accumulation and re-epithelialization. Loss of
a new approach in wound healing!®. Platelets act as a rich vimentin disrupts this coordination, leading to slow, poor,
source of growth factors promoting wound-healing and and incomplete wound healing!'®!,
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MATERIALS AND METHODS 1. Control groups (20 rats): were equally subdivided
into 2 groups:

Drugs

»  Control (I): Healthy rats without ds inducti
1. Streptozotocin: Used for induction of D.M (STZ; ontrol (1): Healthy rats without wounds induction

Sigma, USA), 55 mg/kg, dissolved in sodium or D.-M.
citrate buffer (0.1 ml, PH 4.5)1, *  Control (II): Diabetic rats with non-treated skin
wounds. The wounds were managed with local
2. Insulin: Human isophane insulin suspension intradermal saline injections 500 pL at wounds
(Insulatard 100 TU/ML, Novo nordisk company, margins and dressings of sterile gauze!'*].
Denmark)!'2.
2. Experimental groups (30 rats): were equally
3. Platelet rich plasma (PRP): 2 ml volume of subdivided into 3 groups:
autologous blood was drawn from each rat in the +  Insulin treated group (I): Diabetic rats with insulin
PRP and combined treated groups (from a rat tail treated skin wounds. The wounds were managed
vein) into vacuum tubes containing 10% sodium with local intradermal insulin injections at wounds
citrate. The PRP were prepared according to a margins 0.5 U/500 pL saline!'?, once daily until the
double centrifugation protocoll*. end of the experiment.
Animals e PRP treated group (II): Diabetic rats with PRP

treated skin wounds. The wounds were managed
with local intradermal PRP injections at wounds
margins 500 pl as a single dose!™!.

This study included 50 adult male albino rats with
an average body weight of 150-200 gm. Animals were
provided with veterinary care by the Animal House of Kasr
El Ainy, Faculty of Medicine, Cairo University, according
to the guidelines for animal research approved by Animal
Ethics Committee, Faculty of medicine, Cairo University.
The animals were housed in stainless-steel cages under
standard environmental conditions with free access to
standard diet and water throughout the experimental period. Each group in the control and experimental groups was
further subdivided into 2 subgroups A and B according to
the time of sacrification after 14 and 21 days post wounds
The rats were divided into the following groups: induction respectively.

*  Combined treated group (III): Diabetic rats with
combined treated skin wounds. The wounds were
managed with local intradermal combined insulin
and PRP injections with 2 hours intervals between
them.

Experimental design (Table 1)

Table 1: demonstrating the control and experimental groups with number of rats, doses of drugs, routes and durations of administration and
time of sacrification

Groups Number of animals ~ Dose, route and duration of drug administration Time of sacrification
% . . . Subgroup A= at day14".
g Control group I 10 Healthy rats without wounds induction or D.M
2 Subgroup B= at day21.
&
S Diabetic rats with non-treated skin wounds. The Subgroup A= at day14™.
i wounds were managed with local intradermal saline
3 Control group II 10 S . .
) injections 500 pL at wounds margins and dressings of Subgroup B= at day?21.
- sterile gauze!',
Diabetic rats with insulin treated skin wounds. The Subgroup A= at day14™.
. wounds were managed with local intradermal insulin
Insulin treated group I 10 L . -
- injections at wounds margins 0.5 U/500 pL saline!'?, Subgroup -B= at day21.
%‘ once daily until the end of the experiment.
E" Diabetic rats with PRP treated skin wounds. The Subgroup -A= at day14™.
£ PRP treated group II 10 wounds were managed with local intradermal PRP
Ué injections at wounds margins 500 ul as a single dose!'*\. Subgroup -B=at day21.
=
;.’_ Diabetic rats with combined insulin + PRP treated Subgroup -A= at day14™.
= Combined treated group I11 10 skln wounds Thf? wognds.were manage@ Wlth locfal
intradermal combined insulin and PRP injections with Subgroup -B= at day?'.
2 hours intervals between them.
Total 50
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Induction of diabetes mellitus

The experimental rats and rats in control group Il were
fasted overnight before being injected intraperitoneally
(L.P) with streptozotocin (STZ) at a dose of 55 mg/kg body
weight!""l, The solutions were prepared freshly and injected.
After 3 days from STZ injections, the body weights and
the fasting blood glucose levels (FBG) were measured
with a glucometer (Accu-Chek Active, Roche Diagnostics,
Germany) to confirm the development of diabetes. Only
those animals that showed hyperglycemia (blood glucose
level > 250 mg/dl) were considered to be diabetic and were
included in the study!". The body weights and FBG were
measured again at days 14, 21 with time of sacrification as
a continuous monitoring and to assess the effect of local
insulin injections on the systemic blood glucose level.

Induction of skin wounds

Wound induction was carried out after one week of
induction of diabetes to make sure of establishment of
diabetes. The rats were anesthetized by I.P injections of
ketamine hydrochloride (50 mg/kg/rat), and the back hair
was shaved!*l,

A full-thickness wounds including subcutaneous tissue
were created in the interscapular region of the upper back
of each rat with a punch biopsy instrument (diameter 8
mm). The wounds sites were high near the back of the
neck, away from their reach!!!l.

The day of wounds induction was defined as day O.
Immediately after surgery, antibiotics (Ampicillin; 50mg/
kg IP) and analgesic (Meloxicam 1-2mg/kg S.C) were
administered for three consecutive days!'7.

The treatment was started in control group II (saline)
and experimental groups at the 3™ day post wounds
induction.

Evaluation of wounds closure

Continuous daily monitoring of wound closure was
assessed. The photographing and measurement of wounds
diameters were recorded at days 14" and 21" post wounds
induction (with time of sacrification). The rats were
photographed in a standard prone position using an 18
mega pixels digital camera. All wounds were measured
using a millimeter graded graph paper!'®l.

The percentage (%) of wounds closure was assessed
using the Wilson’s formula stated as % of wounds
closure = [(Area on 0 day — Area of X days)/Area on
0 day] x 100%. It was presented as mean =+ standard
deviations (SD) and analyzed using one-way analysis
of variance (ANOVA).

Rats sacrification & samples collection

The animals were sacrificed (at day 14" and 21" post
wounds induction) by LP injections of a pentobarbital
overdose!'®. The skin wounds area were dissected with
1 cm of the surrounding normal skin margin. Specimens
were fixed immediately in 10% buffered formalin for 1

day. Paraffin embedded tissues were processed and serial
sections at 5 um thicknesses were cut using a microtome
and mounted on glass slides. Other sections were mounted
on positive charged slides for immunohistochemistry.

1. Hematoxylin and Eosin (H&E) stain to determine
structural changes!*”.

2. Masson's trichrome stain to demonstrate collagen
fibers deposition in the dermis and wounds’
beds".

3. Immunohistochemical staining using:

A. Anti E-cadherin for detection of cell-cell
adhesion and establishment of epithelial
integrity. It is a mouse monoclonal anti-E-
cadherin antibody (Invifrogen, Thermofisher
scientific. US. Cat. No. 13-1900.). It was
stored at 4°C. Species reactivity: mouse
E-cadherin. Cross reactivity: This antibody
reacts with human and dog E-cadherin.
The cellular staining pattern is positive
membranous and cytoplasmic brown color

B. Anti Vimentin for detection of mesenchymal
cells including: fibroblast, macrophages,
and lymphocytes in the dermis. It is a
mouse monoclonal anti-Vimentin antibody
(Cell Marque Corporation, Toll-Free North
America. Cat. No. 347M-18). It was stored
at 2-8°C.Species reactivity: mouse, rats
and human. The cellular staining pattern is
positive cytoplasmic brown color.

Detection System

Ultravision large volume detection system: Anti
-polyvalent kit (ready to use); [catalogue number TP
-060 -HL].

Diaminobenzidine tetra

substrate system

hydrochloride (DAB)

[Catalogue number TA -060 -HD] and was supplied as
6 ml DAB chromogen and 6 ml DAB substrate to be stored
at4 -6°C.

Counterstain

Mayer's hematoxylin [catalogue number TA -060 -MH]
was used for counterstain. For the detection specificity
of primary antibody additional sections of skin were
processed in same way but omitting steps of applying the
primary antibody (negative control).

Morphometric study and Statistical Analysis

Morphometric study was done using Leica “Qwin
500C” image analyzer (Leica LTD, Cambridge, UK).
The image analyzer consists of a colored video camera
(Olympus), colored monitor, hard disk of IBM personal
computer connected to the microscope, and controlled
by Leica Qwin 500C software. The following parameters
were measured:
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1. The fasting blood glucose levels (FBG) and the
body weight were measured and presented as
mean + standard deviations (SD).

2. The mean values of the percentage of wounds
closure in the groups.

3. In Masson’s stained sections: the mean arca
percent of collagen fibers in standard low power
fields (x 100)

4. In E-cadherin immunohistochemical stained
sections: the mean area percent of immunopositivity
in standard high power fields (x 400).

5. In  Vimentin immunohistochemical stained
sections: the mean area percent of immunopositivity
in standard high power fields (x 400).

The previous measurements (3:5) were taken in 10
non overlapping randomly chosen fields for all specimens
of each animal of all groups. All Quantitative data
were collected as means and standard deviations (SD)
then compared by using one-way analysis-of-variance
(ANOVA). Any significant ANOVA was followed by post
hoc Tukey test to detect which pairs of groups caused the
significant difference. P-values<0.05 were considered
statistically significant. Calculations were made on SPSS
software version 16 (SPSS, Chicago, IL).

RESULTS

Gross evaluation of rats (Plate 1, Histogram 3)

Daily observation of rats revealed deaths only in
diabetic rats. About 10 rats out of 40 died within 3-4 days
after STZ injection. These rats showed anorexia with
deterioration in the general body health then died. Dead
rats were excluded from the total number of experimental
rats. Gross morphology of wounds at days 14" 21" in
groups showed:

Control group II-A revealed increased wound diameter
however, control group II-B showed slight decrease of
wound diameter and the wound were covered by scabs.
Insulin treated group I -A revealed prominent decrease
of wound diameter and the insulin treated group I-B
showed almost complete wound closure in some rats. PRP
treated group II-A revealed significant decrease of wound
diameter and the PRP treated group 1I-B showed complete
wound closure in some rats. The combined treated group
III-A revealed marked decrease in wound diameter and
the combined treated group III-B showed complete wound
closure in most rats.

Histological Results
Haematoxylin and Eosin Stained Sections (Plates 2, 3)

Control group I-A &B; all rats showed similar results
and showed the well-known normal histological structure.
Skin sections showed epidermal layer as a stratified
squamous epithelium. Control group II-A revealed large
wounds gaps and wide areas of separation between

wounds beds and epidermis. The epidermis showed
diffuse disfigurement of keratinocytes with dark pyknotic
fragmented nuclei and vacuolated cytoplasm. Control
group II-B showed the epidermis at wound margin with
improvement of keratinocytes appearance with some cells
showed shrunken nuclei. Insulin treated group I-A revealed
the epidermis at the wound margin with apparently normal
many cells however, some cells showed shrunken nuclei and
vacuolated cytoplasm. Insulin treated group I-B showed the
epidermis at the wounds margins with increased cell layers,
apparently regular many keratinocytes however, some
cells still showed disfigurement. PRP treated group II-A
revealed the epidermis at wounds margins with some cells
showed pyknotic nuclei and vacuolated cytoplasm. PRP
treated group II-B showed improvement of the structure
and the arrangement of the keratinocytes however, some
cells showed shrunken nuclei and vacuolated cytoplasm.
Combined treated group III-A revealed the epidermis with
apparently normal keratinocytes. Some cells with shrunken
nuclei and vacuolated cytoplasm are also detected.
Combined treated group III-B showed complete wounds
closure in most skin sections. The epidermis revealed
marked increased of cell layers and apparently normal
most keratinocytes with remnant pyknotic cells.

Masson's Trichrome stained Stained Sections

(Plates 4 , 5, Histogram 4)

Control group I-A &B showed the dermis with well
organized, tightly packed collagen bundles. The dermis
was formed of fine collagen fibers in upper papillary layer
while the lower reticular layer contained thick collagen
bundles. Control group II-A&B showed the wounds beds
were filled with fine, irregularly distributed collagen fibers.
Insulin treated group I- A&B showed thick, irregularly
arranged collagen bundles occupying all the wounds beds.
PRP treated groups II- A showed the regenerated dermis
with densely arranged collagen fibers aligned horizontally
in one direction. PRP treated group II-B showed the
papillary dermis with thin collagen bundles and the
remaining dermis showed diffuse deposition of thicker and
denser collagen arranged in a network manner. Combined
treated group III-A showed the regenerated dermis with
densely arranged collagen fibers aligned horizontally
in one direction. Combined treated group III-B showed
diffuse deposition of thick collagen bundles arranged in a
network manner occupying most of the regenerated dermis.

Immunostaining with anti-E-cadhrin

(Plate 6, Histogram 5)

Control group I-A &B revealed strong immune
reaction in the form of membranous brown color in almost
all epidermal cells. Control group II -A&B showed the
epidermis at the wounds margins with weak to negative
immune-reaction at the cell membrane of epidermal cells.
Insulin treated group I- A&B showed the epidermis with
mild to moderate immune-reactions. PRP treated group
II- A&B showed the epidermis with moderate immune-
reactions. Combined treated group III- A&B showed the
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epidermis with moderate to strong immune-reactions.

Immunostaining with anti-vimentin

(Plate 7, Histogram 6)

Control group I-A &B revealed immune-positive
cytoplasmic reaction in cells at the dermis resembled
fibroblasts. Control group II-A&B showed immune-
positive inflammatory cells infiltration at the epidermis
at the wounds margins and the wounds beds. Insulin
treated group I- A&B showed the wound bed with
numerous immune-positive fibroblasts. PRP treated group
II- A revealed in the wound bed many immune-positive
inflammatory cells however group PRP treated group
II- B showed the regenerated dermis with decreased
inflammatory cells. Combined treated group III- A showed
the regenerated dermis with many fibroblasts. Combined
treated group III- B showed the regenerated dermis with
fibroblasts and some inflammatory cells.

Statistical results

All values were expressed as mean + standard deviation
(SD). One-way ANOVA was used to determine level of
significance. The differences were statistically significant
at P <0.05.

1- Descriptive statistics of the fasting blood glucose
level (FBG) and the body weight represented as mean
+ SD (Histograms 1,2) FBG values at the beginning of the
experiment for all rats were (96.2+ 1.31). After 3 days from
STZ, the diabetic rats (control group II and experimental
groups) showed a significant increased FBG as compared
to control group I (p<0.05). The continuous monitoring
of rats along the whole experimental duration revealed
significant increased FBG in control group II (the diabetic
non treated rats) as compared to all groups (p<0.05).

The measurement of the body weight at the beginning of
the experiment for all rats showed the average body weight
value (164+9.9). The continuous monitoring of rats along
the experimental durations revealed significant decrease
in the body weight in control group II as compared to all
groups (p<0.05)

2- Descriptive statistics of the mean values of the
percentage of wound closure in the experimental groups:
(Histogram 3)

The percentage of wound closure was assessed at
14" and 21" days with time of sacrification. It showed
a significant improvement in experimental groups
(»<0.05) as compared to control group II (p<0.05), with
no significant differences between these experimental
groups (p>0.05). However, control group II showed non-

significant improvement (p>0.05).

3. The mean area percent of collagen fibers deposition
in Masson’s trichrome stained sections: (Histogram 4)

At day 14" (subgroup A): The insulin treated group
I and combined treated group III showed a significant
increase in mean area % of collagen fibers deposition as
compared to PRP treated group II and diabetic non-treated
group (control II).However, none of the experimental
groups reached the control group I as all of them showed
a significant decrease in collagen fibers deposition as
compared to the control I (p<0.05).

At day 21(subgroup B): The insulin treated group I and
combined treated group III showed a significant increase
in mean area % of collagen fibers deposition as compared
to non-treated groups ( control II) and PRP treated group I1
(»<0.05) with no significant difference to the control group
I (p>0.05).

4- The mean area percent of E-cadherin
immunohistochemical  stain in  studied  groups
(Histogram 5):

At day 14" and 21" (subgroup A &B): the insulin (1),
PRP (II) and combined treatment (III) groups showed
significant increase in mean area % of E-cadherin as
compared to diabetic non- treated (control group II)
(p < 0.05).PRP treated group II showed a significant
increase in E-cadherin as compared to insulin treated group
I (p <0.05). As regarding the combined treated group III,
it showed a significant increase in E-cadherin area %
(p <0.05) as compared to all experimental groups with no
significant difference (p > 0.05) to control group I.

5- The mean area percent of vimentin immunopositive
cells: (Histogram 6)

At day 14" (subgroup A): the diabetic non-treated
(control group II) showed a significant increase in mean
area % of vimentin as compared to all groups (p < 0.05).
However, no significant difference was seen between
insulin (I), PRP (II) and combined treatment (III) groups
(p>0.05). All groups were significantly increased in mean
area % of vimentin as compared to the control group I
(» <0.05).

At day 21 (subgroup B): the diabetic non-treated
(control group II) and insulin treated group I showed
significant increased mean area % of vimentin as compared
to all groups (p < 0.05). All groups were significantly
increased in mean area % of vimentin as compared to the
control group I (p < 0.05).

267



INSULIN,PLATELET-RICH PLASMA, SKIN WOUNDS

Control
11

Insulin

PRP

Combine

Plate. 1: Gross morphology of wounds at days 14th, 21th in groups.

(a): control group II-A reveals increased wound diameter.

(b): control group II-B shows slight decrease of wound diameter and the wound are covered by scabs.
(c): insulin treated group I-A reveals decreased wound diameter.

(d): insulin treated group I-B shows almost complete wound closure in some rats.

(e): PRP treated group II-A reveals significant decrease of wound diameter.

(f): PRP treated group II-B shows complete wound closure in some rats.

(g): combined treated group III-A reveals marked decrease in wound diameter.

(h): combined treated group II1-B shows complete wound closure in most rats.
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Plate. 2: Photomicrographs of H&E stained sections in rat skin X400:

(a): control group I-B showing the epidermis at the upper surface is formed of keratinized stratified squamous epithelium. It is formed of basal cell layer (black
arrow), spinous cells layer (curved arrows), granular cell layers (blue zigzag arrows) and stratum corneum (green zigzag arrows).

(b): control group II-A showing diffuse disfigurement of keratinocytes with dark pyknotic fragmented nuclei and vacuolated cytoplasm at the spinous cells layer
(red arrows) and the granular layer (blue zigzag arrows). There is a wide area of separation between wound bed and epidermis (blue star).

(c): control group II-B; showing the epidermis at wound margin with apparently normal cells at basal (thin black arrows) and spinous cells layers (curved
arrows). Some cells with shrunken nuclei (red arrows) are also seen.

(d): Insulin treated group I-A showing the epidermis at the wound margin with apparently normal many cells at basal (thin black arrow), spinous cells layer
(curved arrows), granular (blue zigzag arrow) and stratum corneum cells (green zigzag arrow) are obvious. Some cells with shrunken nuclei and vacuolated
cytoplasm (red arrows) are also seen.

(e): Insulin treated group I-B showing epidermis at the wound margin with increased cell layers, apparently normal basal cell (thin black arrows), the spinous
cells layer (curved arrow), granular layer (blue zigzag arrows) and stratum corneum layer (green zigzag arrows). Some cells with shrunken nuclei and
vacuolated cytoplasm (red arrows) are still present.
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Plate. 3: Photomicrographs of H&E stained sections in rat skin x 400:
(a): PRP treated group II-A showing apparently normal basal cells (thin black arrows), the spinous cells layer (curved black arrows), granular cells (blue zigzag
arrows) and stratum corneum layer (green zigzag arrow) are obvious. Some cells with shrunken nuclei and vacuolated cytoplasm (red arrows) are seen.

(b): PRP treated group II-B showing apparently normal basal cells layer (black thin arrows), the spinous cells layer (curved arrows) and granular cells (blue
zigzag arrows) are observed. Some cells with shrunken nuclei and vacuolated cytoplasm (red arrows) are observed.

(c): combined treated group III-A showing apparently normal basal cells (black thin arrows), the spinous cells layer (black curved arrows), granular (blue
zigzag arrows) and stratum corneum layer (green zigzag arrows) are obvious. Some cells with shrunken nuclei and vacuolated cytoplasm (red arrows) are seen.
(d) :combined treated group III-B showing the regenerated epidermis with marked increase of cell layers and apparently normal most keratinocytes. Clear
basement membrane (arrow heads) is observed. Apparently normal most basal cells (thin black arrows), the spinous cells layer (curved arrows); granular cells
(blue zigzag arrows) are seen. Remnant pyknotic cells (red arrows) are also observed.
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Plate. 4: Photomicrographs of Masson’s stained sections in rat skin x100:

(a): control group I-B showing the dermis is formed of fine collagen fibers (thin arrows) in the upper papillary layer while the lower reticular layer contains
thick collagen bundles (thick arrows).

(b): control group II-A showing the wound bed is filled with fine, irregularly distributed collagen fibers (thin arrows).

(c): control group II-B showing the wound bed is filled with fine, irregularly distributed collagen fibers (thin arrows).

(d): Insulin treated group I-A showing the wound area with diffuse deposition of thick collagen bundles (thick arrows) in the papillary and reticular dermis.
(e): Insulin treated group I-B showing the wound area with diffuse deposition of thick, irregularly arranged collagen bundles (thick arrows).
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Plate. 5: Photomicrographs of Masson’s stained sections in rat skin x100:

(a): PRP treated group II-A showing the regenerated dermis with densely arranged collagen fibers aligned horizontally in one direction (black arrows).

(b): PRP treated group II-B showing the papillary dermis with thin collagen bundles (thin arrows) and the remaining dermis shows diffuse deposition of thicker
and denser collagen bundles (thick arrows) arranged in a network manner.

(c): combined treated group III-A showing the regenerated dermis with densely arranged collagen fibers aligned horizontally in one direction (black arrows).
(d): combined treated group I1I-B showing diffuse deposition of thick collagen bundles (thick arrows) are observed arranged in a network manner occupying
most of the regenerated dermis.
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Plate. 6: Photomicrographs of E-cadherin immunostained sections in rat skin from the epidermis x1000:

(a): control group I-B showing strong membranous immune- reaction.

(b): control group II-A showing the epidermis at the wounds margins with negative immune-reaction.

(c): control group 1I-B showing the epidermis at the wounds margins
(d): Insulin treated group I-A showing mild immune-reaction.

(e): Insulin treated group I-B showing mild to moderate immune-reaction.

(f): PRP treated group II-A showing moderate immune-reaction.

(g): PRP treated group 1I-B showing moderate immune-reaction.

(h): combined treated group III-A showing moderate to strong immune-reaction.

(i): combined treated group I1I-B showing strong immune-reaction.

with

weak

immune-reaction.

Plate. 7: Photomicrographs of Vimentin-immunostained sections in rat skin x1000:

(a): control group I-B showing the dermis with cells resemble fibroblasts (green arrows).

(b): control group II-A showing the wound bed with cells resemble inflammatory cells (green arrows).

(c): control group II-B showing the wound bed with cells resemble inflammatory cells (green arrows).

(d): Insulin treated group I-A showing the wound bed with cells resemble fibroblasts (green arrows).

(e): Insulin treated group I-B showing cells resemble fibroblasts (green arrows).

(f): PRP treated group II-A showing the wound bed with cells resemble inflammatory cells (green arrows).

(g): PRP treated group II-B showing the regenerated dermis with cells resemble inflammatory cells (green arrows).

(h): combined treated group III-A showing the regenerated dermis with many cells resemble fibroblasts (green arrows).
(i): combined treated group III-B showing the regenerated dermis with some cells resemble fibroblasts (green arrows).
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DISCUSSION

Wound healing is a complicated process that takes
place at an optimal rate in healthy individuals, but it is
usually impaired for patients in DMP!1.

During animal observation, deaths were recorded
in the diabetic rats as about 25 % of rats died 3-4 days
after STZ injection. This was in accordance to Wang
et al,(2014)2 who observed a high mortality rate in rats
after a single dose of STZ injection. The deaths might
be associated with infection, malnutrition and toxicity of
STZ.

The present study measuring the fasting blood glucose
(FBG) in diabetic non-treated rats (control group II)
revealed a significant increase in FBG as compared to all
groups. The insulin (I), PRP (II) and combined treated (I1I)
groups showed a significant increase in FBG as compared
to the control group I; however, no significant difference
was observed between these experimental groups. This
might be clarifying that local insulin treatment had no
effect on the blood glucose level. This was in accordance
to Bhittani et al, (2020)*! who observed no significant
hypoglycemia with local insulin treatment.

The diabetic non-treated rats (control group II)
revealed a significant decrease in the body weight as
compared to all groups. The experimental groups (The
insulin I, PRP IT and combined treated III groups) showed
a significant increase in the body weight as compared
to control group II. However, no significant difference
was observed between these experimental groups. These
findings were supported by Azevedo et al, (2015)!
who mentioned that weight loss is associated with poor
nutrient intake and contributes partially to the wound-
repair defect observed in diabetic animals.

In the present study control group II revealed gross and
histological delay of wound healing in the form of failure
of wound closure, diffuse disfigurement of keratinocytes
and defective collagen formation in the wound bed. Most
of these findings were observed also by kamar et al,
(2019)t]. These findings might be due to the prolonged
inflammatory response in diabetic wounds resulting in
high levels of inflammatory cytokines, which became
destructive and promoted apoptosis in the diabetic wounds.

The insulin treated group I revealed significant
improvement of wound closure as compared to control
group II. In addition, the H&E stained sections showed
a more or less apparently normal keratinocytes. This was
in accordance to Bhittani et al, (2020)1**! who reported
that the rate of wound closure was found to be higher in
the topical insulin treated wounds than the normal saline
treated wounds.

Swaminathan, (2014)?4 mentioned that the direct
application of insulin to the injured skin surface restores
the decreased levels of DNA synthesis of basal epithelial
cells to normal values, thereby stimulating active cell
proliferation. Moreover, Yu et al,(2017)? added that the

basal layers of the epidermis of healed wounds are better
organized and differentiated when insulin was applied
to the wounds.

The PRP treated group II revealed significant
improvement in wound closure compared to control group
II. This could be related to the growth factors accumulated
in the platelet granules. These factors include VEG, which
promotes angiogenesis, PDGF, and TGF-¢l.

This was in line with Rezende et al,(2020)?7 who
observed reduction in wound size in the PRP treated wounds
after 14 and 21 days as compared to the non-treated groups.
Moreover, examination of H&E stained sections of PRP
treated group II after 14 days revealed disfigurement of the
keratinocytes at wounds margins. However, after 21 days
most skin sections revealed improvement in the structure
and arrangement of the keratinocytes with complete
wound closure in many skin sections. These findings were
in line with Farghali et a/, (2017)!"8 who mentioned that
the healing effect of PRP needed more time to eliminate the
inflammatory phase of the wound healing.

Moreover, on the level of histological evaluation,
the combined treated group III showed the best results
in epidermis regeneration evidenced by the apparently
normal almost all keratinocytes. This could be explained
by the synergistic healing effect of insulin growth factor
and PRP growth factors.

Masson’s trichrome stained skin sections from control
group II at the wounds beds, after 14 and 21 days, revealed
fine irregularly distributed collagen fibers. The observed
defective collagen fibers formation could be related to
defective fibroblasts proliferation in the dermis as a result
of DM. In accordance, Tan et al. (2019)1! postulated that
many proteases were activated in diabetic wounds, which
easily decompose growth factors in the wound site, leading
to defect of diabetic skin ulcer healing.

The insulin treated group I revealed the diffuse
deposition of thick collagen bundles. This was in
accordance to Wang and Xu, (2020)®! who reported that
the topical insulin improves wound closure, reduces wound
healing time and improves wound remodeling.

The PRP treated group II after 14 days showed diffuse
deposition of densely arranged collagen fibers aligned
horizontally in one direction however, after 21 days
improvement in the collagen deposition and arrangement
was observed. This can be explained that the PRP needed
more time to stimulate maturation of the granulation
tissue. This was in agreement with Farghali et al, (2017)
(8] This leads to a conclusion that insulin had more effect
on collagen deposition than PRP.

The collagen deposition in combined treatment group
IIT suggested that the combined insulin and PRP had a
better effect on collagen remodeling than each treatment
alone. Moreover we reached to a fact that insulin had the
upper hand in collagen synthesis that might be reached
to the level of fibrosis or scar tissue formation with
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increased doses. This was in agreement with (Martinez-
Jimenez et al, 2013)28,

Immunohistochemical staining of control group I
stained with anti E- cadherin antibody revealed strong
reaction in cell membrane of almost all epidermal cells
.This was in line with Bakry et al,(2016).

The control group II showed negative to weak
immune reaction. This might be explained by the diffuse
disfigurement of keratinocytes with loss of cell junctions
between them. In the insulin treated group I there was
significant improvement of E-cadherin expression
compared to control group II .This might be explained by
the healing effect of insulin on the epidermis keratinocytes.
Moreover, the PRP treated group II showed a significant
improvement of E-cadherin as compared to insulin treated
group I. This might be explained that PRP had more healing
effect than insulin on the level of E-cadherin deposition
between keratinocytes. On the other hand, the combined
treated group III showed the best results because there
was strong immune reaction and significant increased
E-cadherin immune reactivity as compared to all groups
with no significant difference to the control group I. This
might be due to the synergistic effect of both treatments on
skin wound healing.

Immunohistochemical staining of control group I
stained with anti-vimentin antibody revealed the dermis
with immune-positive fibroblasts and few macrophages
as a normal cells present in the dermis. This was in
line with Aslan et al,(2005)*7 who mentioned that in
skin tissue, vimentin-immunoreactivity was present
in the fibroblasts, endothelial cells of vessels, dentritic
cells, Langerhans cells, and fibroblasts. The control
group II showed numerous immune-positive cells in the
epidermis and the wounds margins. These cells could
be inflammatory cells infiltration as a result of defective
inflammatory phase termination of the wound healing.
This was declared by Devaux et al,(2019)B" who stated
that the reduction of the surface expression of E-cadherin
on epithelia could be accompanied by alteration in the
cell membrane permeability that leads to alteration of
the anti-bacterial immune responses of the epidermis and
infiltration of inflammatory cells between keratinocytes.

On the other hand, the insulin treated group I showed
marked increased vimentin immune reactivity that could
be explained by increased fibroblasts deposition and
reactivity as a result of insulin treatment. Histological
assessment of vimentin immune stained section of the PRP
treated group II after 14 days showed immune positive cells
that were most probably inflammatory cells that decreased
significantly after 21 days. This might be explained that
insulin had a better anti-inflammatory effect as compared
to PRP.

In addition, the mean area % of vimentin in combined
treated group III (after 21 days) was significantly decreased
as compared to all experimental groups. However, it was
significantly increased as compared to the control group

I. This could be explained that the wound healing process
was about to be completed.

CONCLUSION

This study demonstrated the importance of local
therapeutic effects of insulin and PRP in treatment of
diabetic wounds by accelerating the wound healing
process . Insulin local treatment had better effects than PRP
on the level of collagen deposition. PRP local treatment
had better effects than insulin on rate of wound closure
, epidermis regeneration and establishment of the cell
junctions. Local combined treatment with insulin and PRP
showed a rapid rate of wound closure, the best results
in epidermis regeneration, keratinocytes morphology,
establishment of cell junctions and collagen deposition in
the regenerated dermis.
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