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ABSTRACT
Introduction: Burn is a skin injury causing hypertrophic scars. Platelet-rich plasma (PRP) represents a therapeutic method 
used for wound healing.
Aim of the Work: To study the possible therapeutic effect of PRP on healing of second-degree skin burn and scar formation.
Materials and Methods: This study was done on 70 adult male albino rats, randomly divided into three main groups; I, 
II & III.  Group I included 30 rats that were randomly divided equally into three subgroups; I-A (for blood collection), I-B 
(control group kept without treatment) and I-C (control group which received a single subcutaneous injection of PRP, then 
skin specimens were obtained after 1week and 4weeks). Group II included 20 rats in which second-degree burn was induced 
by heated metal rod then subdivided into 2 equal subgroups; II-A (examined after 1week) and II-B (examined after 4weeks). 
Group III included 20 rats in which second-degree burn was induced then the rats were immediately treated locally by one 
subcutaneous injection of 0.4ml of PRP and further subdivided into two equal subgroups; III-A (examined after 1week) 
and III-B (examined after 4weeks). Skin specimens were examined using light microscopy (H&E, toluidine blue, Mallory’s 
trichrome, anti α SMA and CD34 immunostaining) and electron microscopy. 
Morphometric study and statistical analysis were done to measure mean epidermal thickness, mean collagen area percentage 
and mean color intensity of α SMA and CD34 immunoreaction.
Results: In comparison to the untreated subgroups II-A and II-B, both treated subgroups III-A and III-B exhibited enhanced 
healing and accelerated scar maturation respectively that was more prominent after four weeks from PRP injection.
Conclusion: PRP is effective in healing and scar maturation of second-degree skin burn.
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INTRODUCTION                                                                

Burn is a common household injury, especially among 
children. It is characterized by severe skin damage that 
causes death of the affected skin cells[1]. Every year, nearly 
11 million of burn cases are recorded worldwide with scar 
formation in more than 70% of the victims and mortality 
reaching up to 300,000 cases[2,3]. 

Moreover, burn is one of the chief disability causes 
especially in developing countries because of pain, limited 
range of movement and poor cosmetic appearance causing 
social stigma[4]. Yet, current treatment strategies for burn 
are highly invasive, expensive and painful[5].

Platelet-rich plasma represents a therapeutic choice 
used in tissue healing enhancement and alopecia treatment 
due to its large content of growth factors especially 
platelet-derived growth factor (PDGF)[6]. These factors 
could accelerate wound healing and enhance the quality 
of the healing process[7]. PRP was used in treatment of 

scars following acne because it is safe, rapid, economic 
and less painful than other techniques[8]. According to the 
previous data, we designed this work in order to evaluate 
the possible protective PRP effect on healing of second-
degree burn and prevention of scar formation.

MATERIALS AND METHODS                                            

Experimental design
This work was done on 70 adult male albino rats aged 

three months. The weight of each rats ranged between 150 
and 200 grams. All rats were kept in separate appropriate 
clean well ventilated cages under the same conditions 
and we fed them the same commercial laboratory diet in 
addition to water according to recommendations of the 
National Research Council of the National Academies 
2011. 

The experiment was performed after agreement of the 
Research Ethical Committee of Faculty of Medicine, Tanta 
University, with approval code: (33226/07/19).
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The animals were haphazardly divided into three main 
groups:

Group I:  involved 30 rats that were randomly 
subdivided into 3 equal subgroups (10 rats each):

•	 Subgroup I-A (Donor group): was kept without 
treatment and used for collection of blood through 
the intracardiac route for preparation of PRP.

•	 Subgroup I-B (Control group): was kept without 
treatment and used for obtaining skin specimens 
for studying its normal histological structure.

•	 Subgroup I-C (Control group): received 0.4 ml of 
PRP through a single subcutaneous injection at 
their dorsal surface of the lower part of the back. 
Skin specimens were then obtained from the dorsal 
surface of the lower part of the back of only 5 rats 
of this subgroup after 1week. The remaining 5 rats 
were left for further 3 weeks then skin specimens 
were obtained from the dorsal surface of the lower 
part of the back (i.e. skin specimens were obtained 
4 weeks after PRP injection).

Group II:  included 20 rats that were anesthetized and 
we shaved the hair over the lower part of their back where 
a second-degree burn was then induced using a heated 
metal rod for 15 seconds[9]. This group had been equally 
subdivided into 2 subgroups:

•	 Subgroup II-A (One week after burn induction): 
from which skin specimens were obtained from 
the dorsal surface of the lower part of the back 
(burn site) 1 week after burn induction.

•	 Subgroup II-B (Four weeks after burn induction): 
from which skin specimens were obtained from the 
dorsal surface of the lower part of the back (burn 
site) 4 weeks after burn induction.

Group III: included 20 rats that had been anesthetized 
before a second-degree burn was prompted in the same 
site and way as in group II, then the rats were immediately 
subcutaneously injected in the burn site by 0.4 ml of 
platelet-rich plasma as a single dose[10]. This group was 
further equally subdivided into 2 subgroups (10 rats each):

•	 Subgroup III-A (Locally PRP-injected burnt 
group, examined one week after burn induction): 
from which skin specimens were obtained from 
the dorsal surface of the lower part of the back 
(burn site) 1 week after PRP injection.

•	 Subgroup III-B (Locally PRP-injected burnt 
group, examined four weeks after burn induction): 
from which skin specimens were obtained from the 
dorsal surface of the lower part of the back (burn 
site) 4 weeks after PRP injection.

At the appropriate time, all rats had been anesthetized by 
injecting sodium pentobarbital (50 mg/kg) intraperitoneal[11] 
then sacrificed by decapitation. The specimens were then 
prepared to be histologically examined by Olympus light 

microscope (Tokyo, Japan) that is coupled to (E-420, 10 
megapixels) Olympus digital camera and by transmission 
electron microscope (JEOL-JEM-100 SX) at Electron 
Microscopy Unit, Faculty of Medicine, Tanta University. 
The sacrificed rats’ bodies were placed in distinct packages 
consistent with safety measures and infection control 
agencies to get rid of them with the hospital biohazards.

Induction of burn injury
Rats of groups II and III had been anesthetized by 

10% ketamine (90 mg/kg) and 2% xylazine (10 mg/kg) 
intramuscularly[12] and hair shaving was done on the dorsal 
surface of the lower part of the back. The thermal burn was 
then induced on the dorsal surface of the lower part of the 
back using a solid aluminum bar with a 2 cm diameter and 51 
grams weight, which was previously heated for 10 minutes 
in boiling water at 100°C confirmed by a thermometer. 

The bar was holded through its insulated handle, then 
placed at right angle to the shaved skin for 15 seconds 
provided that the thumb and the middle finger were just 
giving minimal support that kept the bar perpendicular to 
the skin and ensured that the bar was resting on the skin 
using only its own weight. Consequently, the pressure 
made on the rat’s skin was equal to the weight of the bar 
(51 gm). 

After burn induction, the rats were given analgesia by 
intramuscular injection of dipyrone sodium (40 mg/kg) for 
3 consecutive days then maintained on oral dipyrone (200 
mg/kg) administered in the feeding water[9,13].

Preparation of platelet-rich plasma (PRP)
The rats got anesthetized by 10% ketamine (90 mg/

kg) in addition to 2% xylazine (10 mg/kg) through 
intramuscular injection[12]. Blood was collected from 
anesthetized donor rats directly from the heart for PRP 
preparation[14]. We collect 3 ml of blood from each rat 
using a sterilized syringe with a 23-gauge needle having 
0.3 ml of 3.8% sodium citrate[15].  

The blood was then put in a sterile 15 ml centrifuge 
(falcon) tube and the citrated blood was then centrifuged 
using a centrifuge at 3000 round per minute (rpm) for 7 
minutes at 20°C. The buffy coat (containing leucocytes 
and platelets) was removed using a sterile micropipette 
and transported to another sterile falcon tube for a second 
centrifugation at 4000 rpm for 5 minutes at 20°C. A platelet 
pellet was formed at the tube bottom representing the part 
of plasma rich in platelets (platelet-rich plasma, PRP) 
overlayed by the plasma part poor in platelets (platelet-
poor plasma, PPP) which was discarded keeping only 1ml 
for suspension of the platelet pellet[16]. 

Only 10 µl of the suspended platelet pellet was aspirated 
and put into a hemocytometer to count the platelets 
manually to validate it was PRP and that it measured nearly 
5 times the normal number of platelets in the regular blood 
sample. The platelets number ranged from 1.4x 106 to 2.6x 
106 /µl[17]. 
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PRP was then activated by addition of calcium chloride 
at a ratio of 1:10 (0.1 ml of calcium chloride for every 
1 ml of PRP). Once PRP was activated, each rat was 
subcutaneously injected with 0.4 ml of PRP into the burnt 
skin using a 26-gauge needle, within only 10 minutes after 
the activation.

Platelet counting
Platelets were counted using a special chamber designed 

for blood cells counting in a Neubauer hemocytometer that 
rules the chamber into 9 squares. The central square is 
highly ruled and subdivided into further 25 small squares. 
Each of the four peripheral squares is further subdivided 
into 16 smaller squares. The platelets appeared as bright 
rounded structures and were counted in the four peripheral 
squares, then their mean number was calculated and 
multiplied by the factor of the hemocytometer (1x104) to 
get the total number of platelets[18].

Histological and immunohistochemical studies of 
the skin

 Skin specimens from all groups were kept in 
10% formol saline for 24 hours, washed before being 
dehydrated through putting in rising grades of alcohol, 
then putting in xylol twice, 30 minutes each. The tissues 
were impregnated in pure soft paraffin at 60ºC for about 2 
hours then embedded in hard paraffin[19]. Lastly, sections 
of 5 µm thickness had been cut for the following studies:

A- Histological study

1.	 Hematoxylin and eosin stains. 

2.	 Mallory’s trichrome stain. 

B- Immunohistochemical study

1. Anti alpha smooth muscle actin (anti α SMA) 
immunoreaction

Anti α SMA is used to visualize smooth muscle cells 
located in the vascular and gut walls and the myoepithelial 
cells located in breast and salivary glands. It is also used 
to visualize pericytes of the blood capillaries and healing 
skin wounds[20].

Sections were deparaffinized, rehydrated before being 
kept in 3% hydrogen peroxide for 10-15 minutes to avoid 
the effect of endogenous peroxidase. Then, sections were 
immersed in a preheated citrate buffer solution (pH 6) 
with keeping heat in the microwave at 2 watts for 10-20 
minutes. After that, sections were kept at room temperature 
for 20 minutes to cool, then washed in distilled water. 
Mouse monoclonal anti α SMA primary antibody (ab7817, 
Abcam, USA) was added at a dilution of 1:500 and totally 
covered the sections that were then kept overnight in a 
humidified chamber. Sections were then washed 4 times in 
phosphate buffered saline (PBS). 

Secondary biotinylated goat anti-mouse antibody was 
supplemented to cover the sections totally for 10 minutes 
at 37 ºC. After that, sections were washed 4 times in PBS 

before streptavidin peroxidase application for 10 minutes 
at room temperature. Tissues were rinsed 4 times in PBS 
then incubated with peroxidase-compatible chromogen.

Further, sections were counterstained with hematoxylin 
for 30 seconds, washed, dehydrated using absolute alcohol 
and finally mounted.

Negative control sections had been obtained via 
substituting the primary antibody with buffer while human 
breast ductal carcinoma tissue served as the positive control. 
The cytoplasmic positive sites of α SMA immunoreaction 
appeared brown while the nuclei appeared blue[21].

2. Anti CD34 immunohistochemical stain

It reacts with CD34 antigen located in the cell 
membrane of dermal dendritic cells and the cytoplasm 
of endothelial cells, pericytes and hematopoietic cells[25]. 
The procedure was done using the same steps as anti α 
SMA immunoreaction except for that the sections had 
been completely covered by 50-80 μl of rabbit polyclonal 
CD34 primary antibody (ab185723, Abcam, USA) in the 
humidified chamber and left overnight then washed 4 
times with PBS. Then, the sections were totally covered by 
50-80 μl of the secondary biotinilated anti-mouse antibody 
in which they were incubated for a period of 30 minutes 
before the slides being washed with PBS[22,23].

C- Ultrastructural study

Preparation of semithin and ultrathin sections for 
transmission electron microscopic (TEM) study[24]

Specimens of the skin from all rats were divided into 
small pieces, 1 mm3 in size by a sharp blade and then fixed 
in 2.5% phosphate-buffered glutaraldehyde (pH 7.4) at 4˚C 
for 24 hours before being washed 3 times in the phosphate 
buffer (10 min each). Afterward, these skin samples were 
fixed in recently prepared 1% phosphate buffer osmium 
tetroxide (osmic acid) for about 30 min. Specimens were 
then soaked in phosphate buffer 3 times for 10 minutes 
each before being dehydrated through rising alcohol 
grades. Then, the skin specimens had been put into acetone 
(resin solvent) and epoxy resin mixture. Each specimen 
was then put into the tip of an individually labeled capsule 
which was occupied to about two-thirds of its volume with 
a mixture of epoxy resin and 1% of the accelerator 2, 4, 
6-tri-dimethylamino methyl phenol-30.

The specimens were put in an appropriate mold which 
was filled with resin and allowed to be polymerized inside 
an oven for five days at 35˚C for 24 hours 45˚C for extra 
24 hours, and lastly at 60˚C for further 3 days. Then, each 
block was boxed until it became very hard and then the 
capsule was extruded using pliers, large forceps or even by 
pressure on the block to be ready for sectioning.

 For semithin sections, the surface of the block was 
trimmed into a pyramid so that the tissue in the apex had a 
small smooth trapezoid surface. 1 µm thick sections were 
cut by Leica ultracut ultramicrotome, mounted on glass 
slides and stained by toluidine blue to choose suitable 
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areas for ultrathin sectioning. On the other hand and for 
ultrathin sections, the block surface was retrimmed to a 
size appropriate for ultrathin sections using a glass knife. 
Sections with thickness of 75 nm were cut using LKB 
ultramicrotome and were carried upon 200 mesh copper 
grids. 

The specimens had been stained twice, first stained 
with uranyl acetate solution for 30 minutes followed by 
three changes of distilled water for washing then stained 
with lead citrate for not more than 10 minutes, washed 
with distilled water and finally dried on a clean filter paper. 
The specimens were examined then photographed using a 
JEOL-JEM-100 SX electron microscope at the Electron 
Microscopic Unit, Faculty of Medicine, Tanta University.

D- Morphometric study and statistical analysis

Morphometric study

A software “Image J” obtained from the National 
Institute of Health, Bethesda, Maryland, USA was used 
for analysis of images. Ten diverse non-overlapping 
haphazardly chosen fields from every slide were 
microscopically examined at a magnification of 400. These 
specimens were measured for:

1.	 Mean thickness of the epidermis in H&E-stained 
sections. 

2.	 Mean area percentage of collagen fibers content in 
Mallory’s trichrome stained sections. 

3.	 Mean color intensity of anti α SMA immunoreaction. 

4.	 Mean color intensity of CD34 immunoreaction.

Statistical analysis

The results had been analyzed by means of one-way 
analysis of variance (ANOVA) then the student t-test 
was also used as a post-comparison test using Microsoft 
office Excel 2010 for Windows (Microsoft Corporation, 
Redmond, Washington, USA). All values had been 
expressed as mean ± standard deviation (SD). Changes 
were considered significant if the probability (P) values 
were less than 0.05 and were considered highly significant 
if the P values were less than 0.001.

RESULTS                                                                                

No mortality was recorded among the rats throughout 
this study.

Macroscopic observation of the wounds of the 
experimental rats

One week after burn induction, a scab tissue was 
observed at the burn site of both subgroups II-A (burnt 
group) and III-A (locally PRP-injected burnt group). Four 
weeks after burn induction, obvious hair loss was observed 
at the burn site of subgroup II-B (burnt group), however, the 
skin appeared nearly normal with prominent hair growth at 
the burn site of subgroup III-B (locally PRP-injected burnt 
group) (Figure 1). 

Light microscopic results
Haematoxylin and eosin-stained sections

Group І: Skin sections obtained from the control rats 
of subgroups І-B and І-C were similar and revealed the 
typical histological structure of rat skin. Epidermis was 
formed of stratified squamous keratinized epithelium 
consisting primarily of keratinocytes that were organized 
in four distinct layers; stratum basale, spinosum, 
granulosum and corneum. Stratum basale consisted of low 
columnar cells having large basal oval nuclei and lying on 
a basement membrane. Stratum spinosum was formed of 
polyhedral cells with central spherical nuclei while cells 
of stratum granulosum appeared flattened and contained 
basophilic keratohyalin granules. Stratum corneum 
(horny layer) was the most superficial non-cellular layer 
that consisted of acidophilic scales of keratin lamellae                                                                           
(Figure 2a). The dermis consisted of superficial papillary 
layer, consisting of loose areolar connective tissue 
containing blood capillaries, and deep reticular layer made 
up of dense irregular connective tissue containing hair 
follicles in addition to sebaceous glands (Figure 2b).

Group II: Subgroup II-A (One week after burn 
induction): This subgroup showed an area of epidermal 
loss that was occupied in some sections by a scab with 
presence of underlying inflammatory cellular infiltration 
and multiple large vacuoles (Figure 3). Migratory 
epidermal cells were observed at the edge of the injured 
tissues forming an epidermal tongue covering the burn 
site. On the other hand, migratory flattened cells were 
also noticed in the superficial papillary dermis at the burn 
edge (Figure4). The dermis showed intense inflammatory 
cellular infiltrate, granulation tissue with dilated blood 
capillaries and spindle-shaped, fibroblast-like cells 
(Figure5).  

Subgroup II-B (Four weeks after burn induction): 
This subgroup revealed that the epidermis at the burn site 
was continuous and keratinized. Cells of stratum basale, 
spinosum and granulosum appeared vacuolated while 
stratum corneum showed overlapped keratin lamellae 
(Figure 6). As regards the dermis, many spindle-shaped 
fibroblast-like cells in addition to multiple congested 
blood capillaries were observed. Extravasated red blood 
cells together with inflammatory mononuclear cellular 
infiltration were noticed within the dermis in some sections 
(Figure 7).

Group III:  Subgroup III-A (Locally PRP-injected 
burnt group, examined one week after burn induction): 
This subgroup revealed appearance of granulation tissue, 
formed of inflammatory cells, blood vessels and collagen, 
at the site of the epidermal loss (Figure 8). At the edge of 
the burnt tissue, the epidermal cells formed an epidermal 
tongue. Migratory flattened cells were noticed within 
the superficial dermis underlying the epidermal tongue 
(Figure9).
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Subgroup III-B (Locally PRP-injected burnt group, 
examined four weeks after burn induction): Light 
microscopic examination of skin sections of this subgroup 
revealed nearly complete epidermal regeneration. The 
epidermis appeared continuous keratinized with apparently 
normal thickness resting on well-developed basement 
membrane. All epidermal layers appeared as those of 
control group with the exception of for few keratinocytes 
with vacuolated cytoplasm (Figures 10,11). Some blood 
capillaries were detected and appeared enlarged, thin-
walled and septated (Figure 10). Small grouped newly 
formed hair follicles were also noticed in the dermis 
(Figure 12). 

Mallory’s trichrome stained sections

Group I: Mallory’s trichrome-stained sections from 
both control subgroups І-B and І-C revealed the same 
normal histological appearance of collagen fibers beneath 
the basal lamina, in the papillary layer of dermis as fine 
interlacing loosely arranged fibers and in the reticular 
dermis as thick wavy bundles organized in different 
directions (Figure 13a).

Group II: Subgroup II-A (One week after burn 
induction): This subgroup showed thick, wavy bundles of 
collagen at the burn site with presence of some fused, red-
stained collagen fibers (Figure 13b). 

Subgroup II-B (Four weeks after burn induction): 
This subgroup revealed fine horizontally arranged fibers 
of collagen located in the superficial dermis and thicker 
collagen bundles within the deep dermis. Some bundles 
appeared parallel to each other, while others were running 
in different directions (Figure 13c).

Group III: Subgroup III-A (Locally PRP-injected 
burnt group, examined one week after burn induction): 
This subgroup showed thick irregularly arranged collagen 
bundles at the burn site in addition to some red-stained 
collagen fibers (Figure 13d). 

Subgroup III-B (Locally PRP-injected burnt group, 
examined four weeks after burn induction): This 
subgroup showed well-organized parallel fibers of collagen 
in the superficial dermis, while within the reticular dermis, 
the collagen bundles were thick, densely packed and 
running in different directions (Figure 13e). 

Immunohistochemical results
Anti α-SMA

Group I: Negative control skin sections revealed 
no immunoreaction for α-SMA (Figure 14a). α-SMA 
immunostained skin sections from both subgroups I-B 
and I-C were similar and revealed a positive brownish 
cytoplasmic reaction in the pericytes (Figure 14b).

Group II: Subgroup II-A (One week after burn 
induction): α-SMA immunostained skin sections from this 
subgroup showed apparently strong positive cytoplasmic 
reaction in the dermal myofibroblasts in addition to the 
pericytes (Figure 14c). 

Subgroup II-B: (Four weeks after burn induction): 
This subgroup revealed apparently moderate positive 
cytoplasmic reaction in the dermal myofibroblasts and 
an intense positive reaction in the pericytes of the newly 
formed blood capillaries (Figure 14d).

Group III: Subgroup III-A (Locally PRP-
injected burnt group, examined one week after burn 
induction): This subgroup exhibited apparently strong 
positive cytoplasmic reaction for α-SMA in the dermal 
myofibroblasts as well as in the pericytes (Figure 14e).

Subgroup III-B (Locally PRP-injected burnt group, 
examined four weeks after burn induction): This 
subgroup showed apparently strong positive reaction in the 
pericytes of the newly formed blood capillaries within the 
dermis and in the perifollicular dermal sheath (Figure 14f). 

Anti-CD34

Control group: Negative control sections revealed 
no immunoreaction for CD34 (Figure 15a) while CD34 
immunostained skin sections from both control subgroups 
I-B and I-C were similar and showed a localized positive 
membranous reaction in some dermal spindle-shaped 
(dendritic) cells (Figure 15b). 

Group II: Subgroup II-A (One week after burn 
induction): This subgroup revealed apparently intense 
positive reaction for CD34 in both dermal capillary 
endothelial cell cytoplasm and the cell membranes of many 
dermal spindle-shaped (dendritic) cells (Figure  15c). 

Subgroup II-B (Four weeks after burn induction): 
This subgroup exhibited apparently moderate positive 
reaction for CD34 in the cell membranes of some dermal 
spindle-shaped (dendritic) cells surrounding the healing 
dermis (peri-cicatritial area). However, no dendritic cells 
were detected in the healed areas (Figure 15d).

Group III: Subgroup III-A (Locally PRP-injected 
burnt group, examined one week after burn induction): 
Skin sections of this subgroup revealed apparently intense 
positive expression of CD34 in the membrane of dermal 
spindle-shaped (dendritic) cells and in the capillary 
endothelial cells cytoplasm (Figure 15e).

Subgroup III-B (Locally PRP-injected burnt group, 
examined four weeks after burn induction): This 
subgroup showed apparently moderate positive reaction 
in the cell membrane of dermal spindle-shaped (dendritic) 
cells located in the healing dermis (Figure 15f). 

Electron microscopic results

Group I: Electron microscopic examination of skin 
ultra-thin sections obtained from both control subgroups 
І-B and І-C were similar and revealed that the epidermis 
consisted of keratinocytes, organized in four layers; 
stratum basale, spinosum, granulosum and corneum. 
Stratum basale consisted of low columnar cells resting 
on thin continuous basement membrane and attached to it 
with multiple hemidesmosomes. The cells contained oval 
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euchromatic basal nuclei with prominent nucleoli as well 
as free ribosomes and mitochondria together with few 
tonofilaments in their cytoplasm (Figure 16a). 

Beside stratum basale, cells of stratum spinosum 
appeared polyhedral having oval to rounded euchromatic 
nuclei, prominent nucleoli as well as free ribosomes, 
mitochondria and excess amount of tonofibrils of 
intermediate keratin filaments in their cytoplasm. They 
appeared attached together by multiple desmosomes                   
(Figure 16b). Cells of stratum granulosum appeared 
flattened with elongated nuclei. Their cytoplasm showed 
electron dense variable-sized keratohyalin granules 
and tonofilaments aggregates.  Stratum corneum, the 
most superficial layer was formed of regularly arranged 
homogenous lamellae of keratin filaments (Figure 16c). 

Group II: Subgroup II-A (One week after burn 
induction): This subgroup revealed presence of migratory 
epidermal tongue in which some cells of the stratum 
basale appeared shrunken with dense cytoplasm. Some 
melanocytes with multiple melanosomes were observed in 
between stratum basale cells. The desmosomal junctions 
between stratum spinosum cells were interrupted with 
wide intercellular spaces in between (Figure 17). 

Subgroup II-B (Four weeks after burn induction):  
This subgroup showed stratum basale cells with flattened 
nuclei resting on ill-defined basement membrane                       
(Figure 18a). In addition, wide intercellular spaces 
in between the keratinocytes were observed (Figure 
18a). Cells of stratum spinosum appeared vacuolated                                                                                            
(Figure 18b), some cells revealed shrunken nuclei 
(Figure 18b).  Cells of stratum granulosum revealed 
their characteristic electron-dense keratohyalin granules. 
Keratin lamellae of the stratum corneum appeared thick, 
loosely packed, irregular, disorganized and poorly aligned 
(Figure 18c). 

Group III: Subgroup III-A (Locally PRP-injected 
burnt group, examined one week after burn induction): 
This subgroup showed an epidermal tongue formed 
of cells of stratum basale with many melanosomes                                                 
(Figure 19a), stratum spinosum cells with many 
cytoplasmic tonofilaments (Figure 19b) and flattened 
stratum granulosum cells with their characteristic 
keratohyalin granules (Figures 19b,19c). 

Subgroup III-B (Locally PRP-injected burnt group, 
examined four weeks after burn induction): This 
subgroup showed widely separated columnar stratum 
basale cells having oval basal nuclei. A Langerhans cell 
with irregular intended nucleus and multiple lysosomes 
was also seen among cells of the basale layer (Figure 20a). 
Cells of stratum spinosum appeared polyhedral having 
central rounded nuclei and prominent nucleoli. Many 
intact intercellular desmosomal junctions were observed. 
Stratum granulosum layer showed flattened cells containing 
characteristic keratohyalin granules (Figure 20b). 

Morphometric study and statistical analysis results
Mean epidermal thickness in µm (Table 1, Figure 21)

Statistical analysis of the mean epidermal thickness in 
subgroup II-B (139.8 ± 24.9) exhibited a highly significant 
increase (P value < 0.001) as compared to the control 
group (72.4 ± 9.5). Whereas the mean epidermal thickness 
in subgroup III-B (72.9 ± 24.9) showed a non-significant 
difference (P value > 0.05) from the control group and 
a highly significant decrease (P value < 0.001) when 
compared to subgroup II-B.

Mean area percentage of collagen fibers (Table 2, 
Figure 22)

On one hand, the mean area percentage of the collagen 
fibers of subgroup II-A (14.6 ± 2.5) and subgroup III-A 
(17.3 ± 9.9) revealed a highly significant diminution                         
(P value < 0.001) when compared to the control 
group (36.3 ± 8.7) and a non-significant difference                                                                                              
(P value > 0.05) as compared to each other.

On the other hand, the mean area percentage of 
collagen fibers of subgroup II-B (46.9 ± 8.2) showed a 
significant increase (P value < 0.05) when compared to the 
control group. Meanwhile, subgroup III-B (59.7 ± 15.7) 
exhibited a highly significant increase (P value < 0.001) 
when compared to the control group, subgroup II-B and 
also subgroup III-A.

Color intensity of anti α SMA immunoreaction                        
(Table 3, Figure 23)

The mean color intensity of anti α-SMA immunoreaction 
in subgroup II-A (52.1 ± 8.9) and subgroup II-B 
(44.4 ± 10.3) showed a highly significant increment                                                                       
(P value < 0.001) as compared to the control group (10.8 
± 3.3). Moreover, subgroup II-B revealed a significant 
decrease in the color intensity (P value < 0.05) in respect 
to subgroup II-A. 

On the other hand, subgroup III-A (23 ± 8.2) showed 
a highly significant increase in its color intensity                                            
(P value < 0.001) while subgroup III-B (12 ± 6.8) showed 
a non-significant difference (P value > 0.05) when both 
compared to the control group.

In addition, subgroups III-A and III-B showed a highly 
significant diminution in their anti α SMA color intensity in 
respect to subgroups II-A and II-B respectively. Meanwhile, 
subgroup III-B revealed a highly significant decrement in 
its color intensity as compared to subgroup III-A.

Color intensity of CD34 immunoreaction                                               
(Table 4, Figure 24)

The mean color intensity of anti CD34 immunoreaction 
in subgroup II-A (54.1 ± 12.7) exhibited a highly significant 
increment (P value < 0.001) as compared with the control 
group (34.9 ± 9.5). Subgroup II-B (6.6 ± 4.2) revealed 
a highly significant diminution (P value < 0.001) in its 
color intensity when compared to both control group and 
subgroup II-A.
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Meanwhile, subgroup III-A (56.6 ± 8.4) revealed a 
highly significant increment in anti CD34 color intensity 
as compared with the control group and a non-significant 
difference when compared to the corresponding untreated 
subgroup II-A. On the other hand, subgroup III-B                                

(32.2 ± 14.2) revealed a non-significant difference from 
the control group and a highly significant decrease in its 
color intensity as compared to subgroup III-A and the 
corresponding untreated subgroup II-B.

Fig. 1: Macroscopic pictures of the wounds of the experimental rats showing: A scab tissue at the burn site of both subgroups II-A (burnt group, 1 week after 
burn induction) and III-A (locally PRP-injected burnt group, 1 week after burn induction and PRP injection). Four weeks after burn induction, obvious hair loss 
is observed at the burn site of subgroup II-B (burnt group), however, the skin appears nearly normal with prominent hair growth at the burn site of subgroup 
III-B (locally PRP-injected burnt group).

Fig. 2: Photomicrographs of sections of the control group showing: (a) The epidermis is formed of stratified squamous keratinized epithelium consisting mainly 
of four layers of keratinocytes. Stratum basale (B) consists of low columnar cells having large oval basal nuclei (arrow). Stratum spinosum (S) is formed of 
polyhedral cells containing central spherical nuclei and prominent nucleoli (dashed arrow). Stratum granulosum (G) appears as flattened cells containing 
basophilic granules (arrowhead). Stratum corneum (horny layer) is formed of acidophilic keratin lamellae (K). (H&E, X 1000, scale bar = 20) (b) The dermis 
is formed of; superficial papillary dermis (P), having blood capillaries (thin arrows) and deep reticular layer (R) containing hair follicles (F) and sebaceous 
glands (SG). (H&E, X 200, scale bar = 50μm)
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Fig. 3: A photomicrograph of a section in the skin of subgroup II-A 
showing an area of epidermal loss occupied by a scab (asterisk) with 
underlying inflammatory cellular infiltrate (notched arrow). Multiple 
large vacuoles (V) are also observed.  (H&E, X 200, scale bar = 50μm)

Fig. 4: A photomicrograph of a section in the skin of subgroup II-A 
showing the migratory epidermal cells of the epidermal tongue (star) 
at the edge of the injury site. Migratory flattened cells (arrow) in the 
superficial papillary dermis at the burn edge are also noticed. (H&E, X 
400, scale bar = 50μm)

Fig. 5: A photomicrograph of a section in the skin of subgroup II-A 
showing granulation tissue with many fibroblast-like cells (wavy arrow), 
intense inflammatory cellular infiltrate (notched arrow) and a dilated 
blood capillary (C). (H&E, X 400, scale bar = 50μm)

Fig. 6: A photomicrograph of a section in the skin of group II-B showing 
continuous and keratinized epidermis at the site of burn with most of the 
keratinocytes of stratum basale (B), spinosum (S) and granulosum (G) 
revealing vacuolated cytoplasm. Notice the overlapping keratin lamellae 
(K) in stratum corneum. (H&E, X 1000, scale bar = 20μm)

Fig. 7: A photomicrograph of a section in the skin of subgroup II-B 
showing mononuclear cellular infiltration (dashed arrow) and extravasated 
red blood cells (arrowhead) within the dermis. Notice the presence of 
multiple congested blood capillaries (C) and many spindle-shaped 
fibroblast-like cells (wavy arrow). (H&E, X 400, scale bar = 50μm)

Fig. 8: A photomicrograph of a section in the skin of subgroup III-A 
showing area of epidermal loss (arrow) with presence of granulation 
tissue (star) formed of inflammatory cells, blood vessels and collagen. 
(H&E, X 200, scale bar = 50μm)
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Fig. 9: A photomicrograph of a section in the skin of subgroup III-A 
showing an epidermal tongue (star) formed of epidermal cells at the 
edge of the burn site. Migratory flattened cells (arrow) are present in the 
superficial dermis underlying the epidermal tongue. (H&E, X 400, scale 
bar = 50μm)

Fig. 10: A photomicrograph of a section in the skin of subgroup III-B 
showing apparently normal epidermal layers (E). Notice the blood 
capillaries (C) are enlarged, thin walled and septated.  (H&E, X 400, scale 
bar = 50μm)

Fig. 11: A photomicrograph of a section in the skin of subgroup III-B 
showing apparently normal epidermal layers. Cells of stratum basale (B) 
have oval basal nuclei and rest on well-developed basement membrane 
(curved arrow). Cells of stratum spinosum (S) are polyhedral in shape 
having central rounded nuclei. Stratum granulosum cells (G) show their 
characteristic basophilic granules. Keratin lamella (K) are also present. 
Notice few keratinocytes (arrow) with vacuolated cytoplasm. (H&E, X 
1000, scale bar = 20μm)

Fig. 12: A photomicrograph of a section in the skin of subgroup III-B 
showing small grouped newly formed hair follicles (F) in the dermis. 
(H&E, X 400, scale bar = 50μm)
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Fig. 13: Mallory’s trichrome stained skin sections: (a) Control group: showing normal distribution of the dermal collagen fibers; beneath the basal lamina 
(arrow), in the papillary dermis as fine interlacing loosely arranged fibers (arrowhead) and in the reticular dermis as thick wavy bundles (dashed arrow) running 
in different directions. (b) Subgroup II-A: showing blue-stained thick wavy collagen bundles (dashed arrow) at the burn site. Some fused red-stained fibers 
(elbow arrow) are also noticed. (c) Subgroup II-B: showing fine horizontally arranged collagen fibers (arrowhead) in the superficial dermis and thicker collagen 
bundles in the deep dermis with some of them are running parallel to each other (dashed arrow) while others are running in different directions (curved arrow). 
(d) Subgroup III-A: showing thick, blue-stained irregularly arranged collagen fibers (dashed arrow) and red-stained fibers (elbow arrow) at the burn site. (e) 
Subgroup III-B: showing well-organized parallel blue-stained collagen fibers (arrowhead) in the superficial dermis and thick densely packed blue-stained 
collagen bundles (dashed arrow) running in different directions in the reticular dermis. (Mallory’s trichrome, X 200, scale bar = 50μm)
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Fig. 14: Anti α-SMA stained skin sections: (a) Negative Control section: showing no immunoreaction. (b) Positive control section: showing 
cytoplasmic brownish reaction in the pericytes (thick arrow). (c) Subgroup II-A: showing apparent intense positive cytoplasmic brownish 
reaction in dermal myofibroblasts (thin arrow) and in pericytes (thick arrow). (d) Subgroup II-B: showing apparent moderate positive 
cytoplasmic brownish reaction in the dermal myofibroblasts (thin arrow) and an intense positive reaction in the pericytes (thick arrow) of 
the newly formed blood capillaries of the healing dermis. (e) Subgroup III-A: showing apparent intense positive brownish reaction in the 
cytoplasm of the dermal myofibroblasts (thin arrow) and pericytes (thick arrow). (f) Subgroup III-B: showing apparent intense positive 
brownish reaction in the pericytes cytoplasm (thick arrow) of the newly formed blood capillaries within the dermis and in the perifollicular 
sheath (arrowhead).  (α-SMA immunostaining & Hematoxylin counter stain, X 400, scale bar = 50μm)
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Fig. 15: Anti CD34 stained skin sections: (a) Negative Control section: showing no immunoreaction. (b) Positive control section: showing membranous 
expression of CD34 in some dermal spindle-shaped (dendritic) cells (thin arrow).  (c) Subgroup II-A: showing intense cytoplasmic brownish reaction in 
many dermal spindle-shaped dendritic cells (thin arrow) and apparent moderate positive reaction in the blood capillaries endothelial cells (thick arrow). (d) 
Subgroup II-B: revealing moderate positive brownish reaction in the membrane of dermal spindle-shaped dendritic cells (thin arrow) surrounding the healing 
area. No dendritic cells were observed within the healed tissue (asterisk). (e) Subgroup III-A: showing strong positive brownish reaction in the cell membranes 
of dermal spindle-shaped dendritic cells (thin arrow) and in the endothelial cell cytoplasm of the blood capillary (thick arrow). (f) Subgroup III-B: showing 
moderate positive membranous brownish reaction in the spindle-shaped (dendritic) cells (thin arrow) present in the healing dermis. (CD34 immunostaining & 
Hematoxylin counter stain, X 400, scale bar = 50μm
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Fig. 16: Transmission electron micrographs of the control group showing: (a) A low columnar cell of stratum basale (B) with oval pale nucleus (N) and 
prominent nucleolus (nu). The cytoplasm shows free ribosomes (wavy arrow), mitochondria (M) and few tonofilaments (curved arrow). Notice the thin 
continuous basement membrane with multiple hemidesmosomes (right-angled arrow). (b) A stratum spinosum polyhedral cell (S) with oval to round 
euchromatic nucleus (N) containing prominent nucleolus (nu). The cytoplasm reveals free ribosomes (wavy arrow), mitochondria (M) and excess tonofibrils 
(curved arrow). Multiple desmosomes (dashed arrow) are noticed. (c) A stratum granulosum cell with flattened nucleus (N), multiple cytoplasmic variable 
sized electron dense keratohyalin granules (G) and aggregates of tonofibrils (curved arrow). Regularly arranged parallel homogenous keratin lamellae (K) of 
the stratum corneum are present. (a,b,c X 3000, scale bar = 500 nm)

Fig. 17: Transmission electron micrograph of subgroup II-A showing a part of the epidermal tongue. Cells of stratum basale (B) are shrunken with dense 
cytoplasm. Interrupted desmosomal intercellular junctions (arrow) and wide intercellular spaces (asterisk) are noticed inbetween cells of stratum spinosum (S). 
A melanocyte (Me) containing multiple melanosomes is observed among the stratum basale.  (X 1000, scale bar = 2 nm)
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Fig. 18: Transmission electron micrographs of subgroup II-B showing: (a) Stratum basale cells (B) with flattened nuclei (N) and wide intercellular spaces 
(asterisk) between the keratinocytes with ill-defined basement membrane (dashed arrow). (b) Cells of stratum spinosum (S) with cytoplasmic vacuolation (V) 
and some shrunken nuclei (Nu). (c) Irregular disorganized thick and loosely packed keratin lamellae (K) of the stratum corneum. Keratohyalin granules (G) of 
stratum granulosum are noticed. (a, c X 1500, b X 1000, scale bar = 2 μm)
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Fig. 19:  Transmission electron micrographs of a part of an epidermal tongue of subgroup III-A showing: (a) Stratum basale cells (B) with many melanosomes. 
(b) A stratum spinosum cell (S) containing many cytoplasmic tonofilaments (curved arrow.  A part of stratum granulosum cell with a flattened nucleus is also 
noticed. (c) Flattened stratum granulosum cells (G) with their characteristic keratohyalin granules (arrow). (a, c X 1000, b X 1500, scale bar = 2 μm)
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Fig. 20: Transmission electron micrographs of subgroup III-B showing: (a) columnar stratum basale cells (B) with oval basal nuclei (N) and wide intercellular 
spaces (asterisk) in between. A Langerhans cell (arrow) with an irregular indented nucleus and many lysosomes is also observed.  (b) Polyhedral stratum 
spinosum cells (S) with central rounded nuclei (N), prominent nucleoli (nu) and multiple desmosomal junctions (arrowhead) in between. Stratum granulosum 
cells (G) are observed with their characteristic keratohyalin granules (dashed arrow).  (a,b X 1000, scale bar = 2 μm)

Fig. 21: Mean epidermal thickness in µm. Fig. 22: Mean area percentage of collagen fibers.
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Fig. 23: Color intensity of α SMA immunoreaction. Fig. 24: Color intensity of CD34 immunoreaction.

Table 1: Mean epidermal thickness in µm.

Epidermal thickness Control group Subgroup ІІ-B Subgroup ІІІ-B

Mean ± SD 72.4 ± 9.5 139.8 ± 24.9 72.9 ± 24.9

F test 161.866

P value Less than 0.001**

T. Test 

Control & II-B Control & III-B II-B & III-B

< 0.001** >0.05 < 0.001**

*   means significant difference                                                                             ** means highly significant difference

Table 2: Mean area percentage of collagen fibers.

Collagen Area Percentage Control group Subgroup ІІ-A Subgroup ІІ-B Subgroup ІІІ-A Subgroup ІІІ-B

Mean ± SD 36.3 ± 8.7 14.6 ± 2.5 46.9 ± 8.2 17.3 ± 9.9 59.7 ± 15.7

F test 46.03

P value < 0.001**

T. Test

Control & II-A Control & II-B Control & III-A Control & III-B II-A& II-B II-A& III-A II-B& III-B III-A& III-B

< 0.001** < 0.05* < 0.001** < 0.001** < 0.001** > 0.05 < 0.001** < 0.001**

*   means significant difference                                                                             ** means highly significant difference

Table 3: Color intensity of anti α smooth muscle actin immunoreaction

Color Intensity of α-SMA Control group Subgroup ІІ-A Subgroup ІІ-B Subgroup ІІІ-A Subgroup ІІІ-B

Mean ± SD 10.8 ± 3.3 52.1 ± 8.9 44.4 ±10.3 23 ± 8.2 12 ± 6.8

F test 80.3

P value < 0.001**

T. Test

Control & II-A Control & II-B Control & III-A Control & III-B II-A& II-B II-A& III-A II-B& III-B III-A& III-B

< 0.001** < 0.001** < 0.001** > 0.05 < 0.05* < 0.001** < 0.001** < 0.001**

*   means significant difference                                                                             ** means highly significant difference

Table 4: Color intensity of CD34 immunoreaction

Color Intensity of Cd34 Control group Subgroup ІІ-A Subgroup ІІ-B Subgroup ІІІ-A Subgroup ІІІ-B

Mean ± SD 34.995 ± 54.112.7 ± 6.64.2± 56.8.4 6± 32.2 ± 14.2

F test 56.2

P value < 0.001**

T. Test

Control & II-A Control & II-B Control & III-A Control & III-B II-A& II-B II-A& III-A II-B& III-B III-A& III-B

< 0.001** <0.001** < 0.001** >0.05 < 0.001** >0.05 < 0.001** < 0.001**

*   means significant difference                                                                             ** means highly significant difference
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DISCUSSION                                                                                 

Burn is considered one of the most destructive skin 
injuries that causes more than one million deaths each year 
in addition to million cases of disability. Patients with large 
burn wounds usually suffer from slow healing and are more 
susceptible to infection and subsequent hypertrophic scars. 
The later occurs because of excessive thick, hyalinized 
collagen production together with excessive formation of 
extracellular matrix by the proliferating fibroblasts[25].  

Yet, researchers and clinicians have a great challenge 
in developing new proper early treatment of burn wounds 
in order to prevent or improve hypertrophic burn scars and 
their devastating consequences.

Platelet-rich plasma is a method proposed for wound 
treatment. It was proved to enhance healing after soft tissue 
and orthopedic injuries through secretion of cytokines, 
chemokines and interleukins in addition to multiple growth 
factors[26]. These factors involve epidermal growth factor 
(EGF) in addition to many other growth factors. Moreover, 
fibrinogen, osteocalcin, osteonectin and fibronectin are 
also secreted from platelets when activated[27].

The present work aimed to assess the potential 
therapeutic influence of PRP on the healing of second-
degree skin burn and the possible prevention of scar 
formation in adult male albino rat by means of diverse 
histological techniques. 

In the current study, subgroup II-A (the burnt rats 
examined after one week of burn induction) showed an 
area of epidermal discontinuity at the burn site that was 
occupied in some sections by a scab with presence of 
underlying granulation tissue. A migratory epidermal 
tongue was also observed at the edge of the wound. 
These findings agreed with the results of Pereira et al., 
(2012)[9]. In addition, Xian et al., (2015)[28] observed the 
epithelial cells migration beneath the scab formed after 
two days of healing of full-thickness skin incision wounds. 
These findings could be explained according to Heng,                                                              
(2011)[29] who illustrated that the skin barrier is disrupted 
after acute skin injury with attraction of neutrophils, 
monocytes in addition to macrophages to the injury site 
with subsequent keratinocytes activation. Some of the 
activated keratinocytes migrate into the wound to fill the 
defect, whereas the other keratinocytes proliferate.

Flattened migratory stem cells were noticed at the 
burn edge of the superficial dermis in subgroup II-A. 
This agreed to the results of Eldrieny et al., (2014)[30] and 
could be explained according to Chen et al., (2015)[31]  

who stated that the dermal stem cells are stimulated by the 
macrophages present in the inflammatory infiltrate upon 
skin injury, resulting in hair follicle and sebaceous gland 
stem cell proliferation and migration toward the injured 
tissue. 

Intense inflammatory mononuclear cellular infiltrate 
and dilated blood capillaries as well as fibroblasts 
proliferation that were observed in subgroup II-A, were 

also reported by Ozcelik et al., (2016)[32] in untreated burn 
wounds. These observations could be explained according 
to Baum & Arpey, (2005)[33] who demonstrated that the 
inflammatory stage at the skin wound is prompted by 
exudate clotting and platelet degranulation which involves 
histamine, serotonin and bioactive factors release, causing 
a surge in the capillary permeability with subsequent 
inflammatory cells migration . 

Boothby et al., (2020)[34] added that neutrophils reach 
their maximum infiltration at the injury site within the 
first two days after injury. Together with macrophages, 
neutrophils play a principal role in activating keratinocytes, 
fibroblasts and immune cells as well as minimizing 
incidence of bacterial infection of the wounds. When the 
stage of inflammation is about to end, the macrophages 
change to their anti-inflammatory profibrotic phenotype 
secreting interleukins, TGF-β and tumor necrosis factor 
(TNF). The former growth factors enhance the onset of the 
proliferative stage[35]. However, excessive inflammation, 
especially with the presence of a high number of 
macrophages upon burn injury, was found to form a 
hypertrophic scar[36].

Hypertrophic scar involves the presence of fibrous tissue 
with parallel horizontally oriented collagen bundles instead 
of the normal papillary and reticular dermis, in addition 
to increased blood vessels density and hyperproliferative 
keratinocytes[37,38]. After the re-epithelization is complete, 
it takes 24 weeks for the scar tissue to become mature[39]. 
Early immature scar shows more inflammatory cells, more 
blood vessels and fine parallel collagen bundles. As the 
scar matures, the inflammatory cells decrease, the density 
of the blood vessels decreases while the collagen fibers 
become organized into thicker dense bundles[40,41]. 

In the current study, subgroup II-B showed appearance 
of thick keratinized epidermis with a highly significant 
increase in its mean thickness as compared to the control 
group. Focal aggregations of keratin lamellae were also 
observed. These observations agreed with the observations 
of Wen et al., (2015)[41] and could be explained according to 
Galko & Krasnow, (2004)[42] who earlier demonstrated that 
upon thermal injury, the wound margin become exposed 
to high levels of mechanical stress which sequentially 
stimulate hypertrophic scar formation through enhancing 
cellular proliferation and keratin accumulation. 

The basement membrane underlying the stratum basale 
was focally ill-defined in the epidermis of subgroup II-
B. This agreed with Ramos-Lewis et al., (2018)[43] who 
also reported that it took a long time to restore the normal 
appearance of the basement membrane after skin injury. 
Yang et al., (2016)[38] explained this finding by diminished 
collagen IV deposition beneath the epidermis together with 
suppressed expression of integrin β4 in the basale layer of 
the epidermis. They also stated that altered formation of 
the basement membrane results in increased proliferation 
of the keratinocytes of the scarred epidermis and thus 
affecting re-epithelialization and tissue remodeling, which 
in turn results in hypertrophic scar formation.
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Vacuolated cytoplasm was observed in cells of stratum 
basale, spinosum and granulosum in subgroup II-B. Kim 
et al., (2011)[44] attributed the cytoplasmic vacuolation 
to be the result of excess reactive oxygen species (ROS) 
resulting from thermal injury. 

Wide intercellular spaces were also observed in the 
same subgroup. Similar finding was reported and explained 
by Younan et al., (2010)[45] and Tanaka et al., (2013)
[46] to be the result of perivascular edema secondary to 
increased permeability and water leak from the capillaries 
following thermal injury. Previously, Mahoney et al.,                                         
(2010)[47] attributed wide intercellular spaces to be the 
result of weakening of cellular adhesion secondary to down 
regulation of the adhesive molecules of the desmosomes 
and other junctional complexes. Extravasation was also 
observed in the untreated subgroup IIB. This could be 
appertaining to the prolonged inflammatory phase with 
the subsequent platelet degranulation releasing histamine, 
heparin and other cytokines, causing increased capillary 
permeability[27]. 

Instead, treatment of the burnt skin with PRP in group 
III gave better results than untreated group II that were 
more prominent in subgroup III-B than subgroup III-A. 
H&E-stained skin sections obtained from subgroup III-B 
revealed nearly complete epidermal regeneration with 
more or less normal epidermal layers that showed a non-
significant difference in its mean thickness as compared to 
the control group. In addition, angiogenesis and grouped 
hair follicles were noticed in the dermis. 

Carter et al., (2003)[27] stated that the inflammatory 
phase is reduced in wounds treated with PRP through 
minimizing the incidence of bacterial infections and scars 
formation. Recently, Everts et al., (2020)[48] demonstrated 
that platelets secrete pro-inflammatory cytokines that 
may induce a mild pro-inflammatory reaction provoking 
the wound healing. However, PRP also secretes anti-
inflammatory cytokines that shorten the duration of the 
inflammatory process.

Kim et al., (2011)[44] reported that PRP exhibited a 
bio-regenerative action through enhancing fibroblastic 
proliferation as well as secreting anti-inflammatory 
factors, angiogenic factors and the proteins concerned with 
the remodeling of extracellular matrix. Therefore, PRP is 
generally used clinically in treatment of chronic lesions, 
as diabetic ulcers[49].  In addition, Behm et al., (2012)[50] 

confirmed the role of PRP in controlling oxidative damage 
and hence decreasing inflammation and scar formation.

The process of angiogenesis observed in subgroup 
II-B means new blood vessels formation. This ensures 
sufficient oxygen and nutrients supply and helps to discard 
metabolic waste products. This process is essential for 
cell proliferation[51]. In subgroup III-B, the angiogenetic 
vessels appeared enlarged, thin-walled and septated. 
This agreed with the findings of Pettersson et al.,                                                                                                    
(2000)[52] who mentioned that angiogenesis is a vital 
process in wound healing that is essential for keratinocytes 

survival and for preserving the newly formed granulation 
tissue. The influence of PRP on angiogenesis could be 
clarified according to Zhang et al., (2019)[53] who stated 
that the VEGF present in platelets α granules stimulates the 
endothelial cells resulting in their activation, proliferation 
and migration resulting in new capillary formation.

Tonnesen et al., (2000)[54] and Hammam et al.,                                                                                                                
(2019)[55] also demonstrated that the endothelial cells 
invade the underlying vascular basement membrane and 
extracellular matrix (ECM), then branch to form new 
vessels. Xu et al., (2020)[56] added that PRP enormously 
improves skin wound healing by stimulation of 
angiogenesis and re-epithelialization in addition to local 
inflammation control by inhibition of interleukin-17A and 
interleukin-1β secretion.

Multiple grouped hair follicles were observed in treated 
subgroup III-B. Rognoni et al., (2016)[57] revealed that hair 
follicles regenerate after healing of skin wounds and usually 
appear in small clusters surrounded by scar tissue. Gentile 
& Garcovich, (2020)[58] added that PRP could promote the 
cycle of hair growth and help the reconstruction of hair 
follicle, therefore, it has been recently used clinically in 
treatment of cases of alopecia.

As regards Mallory’s trichrome-stained sections, 
subgroup II-A revealed thick blue-stained collagen bundles 
at the burn site together with appearance of some red fused 
collagen fibers. This agreed with Nicoletti et al., (2019)[59] 

who observed thick collagen fibers at day 10 after burn and 
also with Chen et al., (2016)[60] and Nassar et al., (2017)[61] 
who observed red-stained fused collagen fibers, one week 
after burn. The later authors explained these changes to be 
due to loss of crystallinity of collagen fibers. In addition, 
this subgroup revealed a highly significant diminution in 
the mean area percentage of collagen fibers when compared 
with the control group.

Meanwhile, subgroup II-B revealed well-organized 
collagen fibers arranged parallel to the epidermis in the 
papillary dermis and thick collagen fibers in the reticular 
dermis, some running parallel while others running in 
different directions. Statistical analysis of the mean area 
percentage of collagen fibers of this subgroup revealed a 
highly significant increment in respect to the control group. 
Kim et al., (2019)[62] reported that during the regeneration 
process, the fibroblasts synthesize collagen type III, that 
is substituted by type I collagen afterward. They also 
added that the scar tissue collagen has a unidirectional 
arrangement. Furthermore, Li et al., (2007)[63] stated that a 
period of two months is needed for the collagen fibers at the 
injury site to return to the completely normal arrangement 
as that of the intact tissue. 

On the other hand, subgroup III-A revealed presence 
of thick collagen bundles in addition to some red-stained 
collagen fibers. This result was non-statistically different 
from the corresponding untreated subgroup II-A. However, 
subgroup III-B showed almost normal organization of 
collagen fibers in the form of well-organized fibers in the 
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superficial dermis and thick fibers running in different 
directions in the reticular dermis. Moreover, subgroup 
III-B showed a highly significant increase in mean area 
percentage of the collagen fibers in respect to both control 
group and subgroup II-B.

These results came in line with Yildiz et al., (2016)[64] 

who reported a statistical surge in collagen fibers deposition 
in the groups treated by PRP. Moreover, Gurtner et al., 
(2008)[35] referred to that both density and organization of 
the collagen fibers affect the scar formation. 

In the present work, the better statement and 
arrangement of collagen fibers in the PRP-treated subgroup 
III-B than the untreated subgroup II-B indicated that one 
PRP injection enhances remodeling. However, Nofal et al., 
(2014)[65] attempted triple PRP injections for better results, 
so that repeated PRP injections may increase collagen 
synthesis.

The PRP role in the remodeling of collagen is still 
unclear, as stated by Ibrahim et al., (2015)[66], who mentioned 
that it depends on matrix metalloproteinases (MMP), 
particularly MMP-1 and MMP-3. They added that MMP-1 
induction in the skin could enhance the elimination of the 
dermal damaged fragments of collagen and consequently 
provides enhances new collagen deposition. Additionally, 
Kim et al., (2011)[44], in their research on ECM remodeling, 
noticed that PRP enhanced collagen type I and MMP-
1 matrix metalloproteinase synthesis and also increased 
mRNA expression in the fibroblasts of the human dermis. 
This resulted in ordered arrangement and uniform density 
of collagen, and as the scar matures, the collagen bundles 
became thicker and arranged in different directions instead 
of being parallel to the surface.

Myofibroblasts represent the principle cell in 
wound closure[67]. In the present work, we assessed the 
myofibroblasts role by evaluating the immunohistochemical 
expression of α-SMA and statistically analyzing its color 
intensity in the immunostained sections. 

The untreated subgroups II-A and II-B revealed a strong 
positive expression of α SMA in the dermal myofibroblasts 
and pericytes with a highly significant increment in its 
color intensity in respect to the control group. Instead, 
subgroup II-B showed a significant decrement in α-SMA 
color intensity compared to subgroup II-A.

Sorg et al., (2017)[67] stated that four days after injury, 
the fibroblasts differentiate into myofibroblasts then 
express α-SMA. This differentiation is promoted by PDGF 
and TGF-β1 secreted by the inflammatory cells in the 
injured tissue. Moreover, Kwan et al., (2009)[68] stated 
that a contractile force is exerted by the myofibroblasts 
through actin myofilaments that are linked focally to the 
ECM. This allows the wound edges to approximate at 
a rate of 0.75 mm per day, which helps wound healing. 
However, after closure of the wound, the myofibroblasts 
undergo apoptosis as the epithelialization process is 
already complete. If the myofibroblasts persist after wound 

closure, the wound contraction will continue resulting in 
excessive fibrosis with poor cosmetic results ending in 
developing hypertrophic scar[69]. 

Regarding PRP-treated group, subgroup III-A revealed 
an intense positive reaction in both dermal myofibroblasts 
and pericytes. Meanwhile, subgroup III-B showed 
an intense positive reaction in pericytes of the newly 
formed blood capillaries and in the perifollicular sheath. 
Statistically, subgroup III-A showed a highly significant 
increment in the color intensity of anti α SMA as compared 
to the control group while subgroup-IIIB revealed a non-
significant difference from the control group. Moreover, 
both subgroups III-A and III-B exhibited a highly 
significant diminution in anti α-SMA color intensity in 
respect to the corresponding untreated subgroups II-A 
and II-B respectively. Moreover, subgroup III-B revealed 
a highly significant diminution in anti α SMA color 
intensity as compared to subgroup III-A. This agreed 
with the findings of Chellini et al., (2018)[70] who proved 
that PRP enormously diminished the effect of TGF-β on 
differentiation of the myofibroblasts through reduction of 
assembly of stress fiber and down regulation of α-SMA.

Skin has epidermal Langerhans cells and dermal 
dendritic cells. Both cells are considered antigen presenting 
cells[71]. Limandja et al., (2020)[72] demonstrated that dermal 
dendritic cells are absent in hypertrophic immature scars 
and present in mature scars. Therefore, the present study 
evaluated the immunohistochemical expression of CD34 
(a marker for the dermal dendritic cells) and statistically 
analyzed the color intensity of its expression.

In the present work, subgroup II-A revealed an intense 
positive reaction for CD34 in cytoplasm of endothelial 
cells and pericytes of the dermal blood capillaries in 
addition to the cell membranes of multiple dermal spindle-
shaped (dendritic) cells. Those dendritic cells were not 
detected in the scar tissue in subgroup II-B, although being 
abundant in the peri-cicatricial tissue (the area around the 
healing dermis). Statistical analysis of color intensity of 
CD34 expression revealed a highly significant increment 
in subgroup II-A as compared to the control group and a 
highly significant diminution in subgroup II-B as compared 
to both the control group and subgroup II-A. These results 
agreed with those of Erdag et al., (2008)[71], who reported 
absence of CD34 positive dendritic cells in scars and their 
increase in the tissue surrounding scars.

The previous authors added that the absence of CD34 
positive cells within the scar tissues and their increase in 
the surrounding tissues may reveal a role of CD34 positive 
cells in collagen synthesis regulation, wound healing and 
scar formation. Furthermore, Limandja et al., 2020[72] 

reported decreased expression of CD34 with decreased 
number or even absence of dermal dendritic cells in 
immature hypertrophic scars. 

As regards the immunohistochemical expression of 
CD34 in PRP-treated subgroups, subgroup III-A showed 
an intense positive reaction in dermal dendritic cells, 
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endothelial cells and pericytes. Statistically, this subgroup 
revealed a highly significant increment in CD34 color 
intensity as compared to the control group while showing 
a non-significant difference from the corresponding 
untreated subgroup II-A. On the other hand, subgroup 
III-B expressed a moderately positive reaction in the 
dendritic cells together with a strong positive cytoplasmic 
reaction of the endothelial cells of the newly generating 
blood capillaries. 

On the other hand, subgroup III-B, showed a highly 
significant decrement in CD34 color intensity in respect 
to both subgroups III-A and II-A while revealing a non-
significant difference from the control group. These 
findings agreed to the observations of Limandja et al., 
(2020)[72] who stated that mature scars resemble normal 
skin in being CD34 positive due to presence of dermal 
dendritic cells. Accordingly, this suggests that PRP could 
enhance scar maturation.

As regards the electron microscopic study, results from 
both subgroups II-A and II-B confirmed the previous light 
microscopic results. Subgroup II-A showed presence of 
epidermal tongue. The cells appeared widely separated 
with focal separation of the basale cells from the underlying 
basement membrane. Some basale cells were shrunken 
with dense cytoplasm. Subgroup II-B showed ill-defined 
basement membrane with wide intercellular spaces in 
between the keratinocytes. Some spinosum cells showed 
cytoplasmic vacuolation and shrunken nuclei. 

The shrunken nuclei and dense cytoplasm could be 
explained according to Raj et al., (2006)[73] to be signs of 
apoptotic cell death. The later represents a critical vital 
process that is essential for formation of the skin horney 
layer and in maintenance of normal epidermal structure 
through balancing proliferation of the keratinocytes. 

Electron microscopic results obtained from the treated 
group supported the light microscopic results. Subgroup 
III-A showed epidermal tongue in addition to presence of 
mast cells in the dermis. However, subgroup III-B showed 
almost normal epidermal layers except for focal separation 
of some stratum basale cells. 

CONCLUSION                                                                     

According to the previously mentioned data, the 
current study illustrated that PRP exerted beneficial effect 
on healing of burn wound that was more prominent after 
four weeks from burn induction besides promoting the 
formation of mature scar instead of hypertrophic scar.

RECOMMENDATIONS                                                               

According to the results of this study, we recommend:

1.	 Early treatment of patients with thermal burn 
injuries with local PRP injection.

2.	 Further studies using multiple injections of PRP to 
assess their possible better effects than the single 
injection.

3.	 Further research to analyze the possible therapeutic 
effects of PRP on other types of burn injuries.

4.	 Clinical trials to estimate the potential beneficial 
effects of PRP on treatment of second-degree burn 
injuries in human.
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الملخص العربى

دراسة هستولوجية للتأثير العلاجى المحتمل للبلازما الغنية بالصفائح الدموية على إلتآم 
الحرق الجلدي من الدرجة الثانية ومنع تكون الندبات في ذكر الجرذ الأبيض البالغ

أسماء محمد منصور، منى تيسير صادق،عصام محمود لعج، ابتسام فؤاد عكاشه، جيهان محمد سليمان

قسم الأنسجة وبيولوجيا الخلية، كلية الطب، جامعة طنطا، مصر 

المقدمة: يعتبر الحرق اصابة جلدية تتسبب فى تكوين ندبات ضخامية. تمثل البلازما الغنية بالصفائح الدموية وسيلة 
علاجية  تستخدم فى التام الجروح. 

الهدف من العمل: دراسة التأثير العلاجي المحتمل للبلازما الغنية بالصفائح الدموية على التئام حروق الجلد من الدرجة 
الثانية و تكون الندبات الناتجه عنه.

المواد والطرق: أجريت هذه الدراسة على 70 من ذكور الجرذان البيضاء تم تقسيمهم عشوائياً إلى ثلاث مجموعات 
ثلاث  إلى  عشوائياً  تقسيمهم  تم  جرذاً   30 الأولى  المجموعة  تضمنت  والثالثة.  والثانية   الأولى  المجموعة  رئيسية؛ 
مجموعات فرعية متساوية؛ المجموعة الفرعية 1-أ )لجمع الدم(، المجموعة الفرعية 1- ب )المجموعة الضابطة، تم 
الاحتفاظ بها دون أن تتلقى أى علاج( والمجموعة الفرعية 1- ج )المجموعة الضابطة، والتى تلقت حقنة واحدة تحت 
الجلد من البلازما الغنية بالصفائح الدموية، ثم تم الحصول على عينات الجلد بعد أسبوع واحد و بعد أربعة أسابيع(. 
تضمنت المجموعة الثانية 20 جرذاً تم فيهم إحداث حرق من الدرجة الثانية بواسطة قضيب معدني مسخن ثم تم تقسيمهم 
إلى مجموعتين فرعيتين متساويتين: المجموعة الفرعية 2-أ )تم فحصها بعد أسبوع واحد( والمجموعة الفرعية 2- ب 
)تم فحصها بعد أربعة أسابيع(. إشتملت المجموعة الثالثة على 20 جرذاً تم فيهم إحداث حرق من الدرجة الثانية ثم تم 
علاج الفئران موضعيا على الفور بحقنة واحدة تحت الجلد تحتوى على 0.4 مل من البلازما الغنية بالصفائح الدموية، 
وتم تقسيمهم إلى مجموعتين فرعيتين متساويتين: المجموعة الفرعية 3-أ )تم فحصها بعد أسبوع واحد( والمجموعة 
الفرعية 3- ب )تم فحصها بعد أربعة أسابيع(. تم فحص المقاطع باستخدام المجهر الضوئي )بعد صباغتها  بصبغتا 
المناعيه  التلويدين الأزرق، صبغة مالوري ثلاثية الكروم بالإضافة إلى الصبغات  الهيماتوكسيلين والأيوسين، صبغة 
القياسية  الدراسة  بالمجهر الإلكتروني. أجريت  الملساء α و سي دي 34( وكذلك فحصها  للكشف عن أكتين العضلة 
التفاعل  لون  كثافة  ومتوسط  الكولاجين  لمساحة  المئوية  النسبة  ومتوسط  البشرة  سمك  لمتوسط  الإحصائي  والتحليل 

المناعى ل أكتين العضلة الملساء α و سي دي 34.
النتائج: بالمقارنة مع المجموعتين الفرعيتين الغير معالجتين2أ و 2ب، أظهرت كلتا المجموعتين المعالجتين 3أ و 3 ب 
التئاما افضل ونضج أسرع للندبات والتى كانت أكثر وضوحا بعد أربع أسابيع من حقن للبلازما الغنية بالصفائح الدموية.
الثانية و نضج  الدرجة  الجلد من  التئام حروق  فعال على  تأثير  الدموية ذات  بالصفائح  الغنية  البلازما  ان  الاستنتاج: 

الندبات الناتجة عنها.


