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Abstract 
Skin burns are a rather high incidence lesions which, depending on their depth and extension, can severely affect not only the skin but the 
entire organism. Third-degree skin burns extended on over 20% of the body surface often require skin graft. Skin allograft is a therapeutic 
alternative when autograft cannot be used. We investigated the allograft influence on the angiogenesis process in third-degree skin burns, 
using an experimental model. We noticed that the allograft induces a stronger inflammatory reaction associated with intense angiogenesis 
process by about 10–15% compared to control group. 
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 Introduction 

Burns are a major public health problem worldwide 
[1] with their quite high incidence and chronic lesions 
they produce. Thus, it is estimated that worldwide, each 
year more than 6.6 million people suffer from various 
burns [2]; in the U.S. alone, it is estimated that each 
year more than 1.2 million Americans get to medical 
units with burn injuries [3], out of which over 450 000 
require hospitalization and treatment. 

Third-degree skin burns, besides total destruction of  
the epidermis and dermis, depending on location, can 
also cause lesions of muscles tendons and underlying 
bones, inducing more severe stress than other trauma 
[4]. When there is interested a more than 20% surface, 
they produce a rapid and dangerous loss of fluids, 
electrolytes and proteins, altering the body’s vital 
functions. Often these burns difficultly heal, with 
hypertrophic, thick, unaesthetic scars, resulting in 
contractures, which distort the surrounding tissues [5] 
and sometimes create various physical handicaps, 
requiring surgery for correcting these defects [6]. Also, 
third-degree skin burns, spread over large areas may 
induce different mental disorders that require specialized 
treatment [7]. 

Third-degree skin burns healing process is very 
complex, involving different tissues and cell lines which 

cooperate together by intracellular and extracellular 
signals [8]. 

In the healing of skin burns, angiogenesis plays a 
key role as newly formed blood vessels supply oxygen, 
nutrients, vitamins, enzymes, growth factors needed for 
the healing process [9]. 

When lesions are much extended, third-degree skin 
burns often require skin graft to achieve wound closure 
and restore the structural and functional integrity of the 
skin. Autografts are the most effective. Sometimes, 
because of the extent of burned wounds, there is no 
possibility of using an autograft. In these situations 
there are used a variety of synthetic and biological 
dressings, including allografts, to combat plasmatic and 
hydroelectrolyte losses, prevent microbial infection, 
accelerate healing and reduce scarring [10]. 

In this study, we evaluated the process of angio-
genesis in experimental third-degree skin burns on 
animal model by applying skin allograft compared with 
angiogenesis in the third-degree skin burns during 
spontaneous healing of the wound. 

 Materials and Methods 

The study was conducted on two batches of 35 
Wistar common adult rats each, weighing between 280 
and 310 g. Animals were held both before and during 
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the experiment, at the Animal Facility of the University 
of Medicine and Pharmacy of Craiova, Romania, in 
standard light, temperature and humidity conditions, also 
having always access to food and water (ad libitum). 

For the experiment, we obtained the agreement of 
the Ethics Committee of the University of Medicine and 
Pharmacy of Craiova, in accordance with the European 
Council Directive 86/609 from 24.11.1986 (86/609/EEC), 
the European Convention for the Protection of Vertebrate 
Animals (2005) and the Romanian Government Decree 
No. 37/2002. 

For the experiment, animals received general 
anesthesia by intramuscular injection of Ketamine 
hydrochloride (Ketalar®, Parke-Davis), 85 mg/kg of 
body weight, and Xylazine hydrochloride (Rompun®, 
Bayer), 6 mg/kg of body weight each. After removing 
hair on the back of the dorsal region, on an area of about 
4–5 cm2, each animal was applied a stainless ateel 
specially made metal device, cone-shaped, with a 
diameter of 1 cm, equipped with a control thermometer, 
heated to 1000C in a pot of boiling water for 5 seconds. 
After conducting the burn, each animal was applied a 
dry dressing to the wound. Evolution of the burned 
wound and animal welfare were daily monitored. 

A first group of 35 animals was left to spontaneously 
heal (control group). The animals were randomly divided 
into seven subgroups of five animals each. Every three 
days and at 3, 6, 9, 12, 15, 18, and 21 days, under 
general anesthesia, from each subset of five animals 
lesional area was harvested, with about 2–3 mm peri-
lesional, to dynamically follow the angiogenesis process 
in the burned wound during spontaneous healing. Then, 
each animal’s remaining wound was surgically sutured. 

On the second group, after 24 hours since the burn 
was produced, each animal was removed the burned 
skin area and applied a skin allograft under general 
anesthesia. Skin allografts were harvested from a group 
of the same breed rats under general anesthesia with 
Ketamine hydrochloride and Xylazine hydrochloride 
using an Acculan type dermatome (Aesculap®), fitted 
with an adjustable depth system between 0.1–1 mm. 
Skin fragments were kept in heated to 370C saline for  
a few minutes and small holes were conducted for 
drainage of possible fluid accumulation and then were 
applied to the receiving animal. Allograft was sutured 
with non-absorbable thread, at the edges of the wound, 
and then applied a moistened compress bandage, fixed 

with adhesive tape. Animals were daily monitored and 
kept under standard conditions of light, heat and food. 
To achieve the study, animals of this group were also 
divided into seven subgroups of five animals each, 
which were taken under general anesthesia, allografted 
areas at 3, 6, 9, 12, 15, 18, and 21 days respectively after 
achieving the allograft. 

Histological study 

Burnt-skin fragments harvested not only from 
spontaneously-healed animals but also from allograft 
treated ones, were fixed in neutral formalin solution for 
72 hours, at room temperature (21–230C), and included 
in histological paraffin.  

Biological material was sectioned with Microm 
HM350 rotary microtome equipped with a section transfer 

system on a water bath (STS, Microm). 
For the histological study, there were used classical 

stains with Hematoxylin–Eosin and Goldner–Szekely 
trichromic. 

Immunohistochemical study 

For the immunohistochemical study, there were 
performed 3-μm thick sections which were collected on 
poly-L-Lysine coated slides to increase adherence of 
biological material to object-slide, after which they were 
kept in the thermostat at 370C for 24 hours. Then, after 
dewaxing and hydration of the histological sections, the 
biological material was incubated for 30 minutes in a 
solution of 1% hydrogen peroxide. Sections were then 
washed in tap water after which they were boiled in 
pH 6 citrate buffer solution for 20 minutes for antigen 
unmasking.  

After boiling, were left to cool for 15 minutes, 
followed by washing them in bisalin phosphate buffer 
solution (PBS), followed by endogenous peroxidase 
blocking step in 2% skimmed milk for 30 minutes. 
Then, sections were incubated overnight with primary 
antibodies at 40C, and the next day, the signal was 
amplified 30 minutes using peroxidase secondary anti-
body on polymer support (EnVision, Dako). 

The signal was detected with 3,3’-diaminobenzidine 
(DAB) (Dako) and after contrasting with Hematoxylin 
slides were covered with DPX (Fluka). 

The markers used for the immunohistochemical 
study are presented in Table 1. 
 

Table 1 – Panel of antibodies for immunostaining 

Antibody Host/Target Epitope Clone Dilution Antigen retrieval Producer 

Anti-CD34 Rabbit/Rat Vascular endothelium EP373Y 1:100 Citrate buffer boiling 
Epitomics, Medicalkit, 

Craiova, Romania 

Anti-CD68 Mouse/Rat Macrophages ED1 1:200 Citrate buffer boiling 
AbD Serotec, 

Medicalkit 

Anti-SMA Mouse/Human, Rat 
Smooth muscle cells, 

pericytes, myofibroblasts
1A4 1:100 Citrate buffer boiling 

Dako, Bucharest, 
Romania 

 

To assess angiogenesis vessel density, were chosen 
areas of maximum vascular density (hotspot method) 
and four microscopic images were captured. Vessel 
count was performed manually using the “Manual 
tagging” function in ImageProPlus program and acquired 

data were exported to Excel for automatic calculation of 
vascular density per unit area (mm2). 

Microscopic evaluation was performed by grabbing 
20× images under the Nikon Eclipse 55i microscope 
equipped with a 5 Mp CCD color sensor (Apidrag, 
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Romania). Images were captured, stored and analyzed 
utilizing the Image ProPlus 7 AMS package (Media 
Cybernetics, Inc., Buckinghamshire, UK). 

For statistical analysis, we first normalized all 
counts for a 1-mm2 area, and then we plotted the means 
and standard deviations for each day stage. To compare 
all-time points, we used ANOVA testing, and to 
appreciate the correlation degree between the variables 
a Pearson correlation coefficient was utilized. 

Fluorescent immunohistochemistry 

Double immunohistochemistry was performed for 
anti-CD34 (1:300, rabbit, Epitomics) in combination with 
anti-SMA antibody (1:50, mouse, Dako). The immuno-
detection was a sequential protocol that begun with the 
overnight incubation in the anti-CD34 antibody, 
amplification with a goat anti-rabbit HRP secondary 
(1:100, Dako) for 30 minutes, followed by a 30 seconds 
precipitation step of fluoresceinated tyramide (Perkin 
Elmer, Medicalkit, Romania). Next, the anti-SMA 
antibody was added in another overnight incubation, 
this being detected with a goat-anti mouse Alexa 596 
antibody (30 minutes, 1:300, Invitrogen, Medicalkit, 
Romania). After DAPI counterstaining, the sections were 
coversliped in anti-fading fluorescent mounting medium 
(Dako). 

Fluorescently-labeled sections were imaged with an 
Eclipse 90i microscope (Nikon, Apidrag, Romania) 
equipped with a QImaging Rolera cooled CCD camera 
and with narrowband fluorescent filters centered for 
Alexa 594, Alexa 488 and DAPI excitation and emission 
wavelengths. Images were captured and analyzed using 
the Image ProPlus 7 AMS software (Media Cybernetics, 
Inc., Buckinghamshire, UK). For fluorescence, images 
were obtained by sequential scanning of each channel 
with the specific pair of filters to eliminate the cross-
talk of the fluorophores, and to ensure a reliable 
quantification. Next, the fluorescent images were 
subjected to a blind deconvolution algorithm based on a 

multi-pass, adaptative point spread function (PSF) 
subtraction of diffracted light (Sharp Stack, Media 
Cybernetics, Inc.). 

 Results 

New injuries that we provoked in experimental 
animals were third-degree skin burns by their depth, 
causing coagulation necrosis in the epidermis, dermis 
and partly superficial muscles. The skin vascular bed 
beneath the wound was altered. 

Three days after the lesion, both the control animals 
group and the allograft treated animals, most of the burn 
wound was occupied with cellular and tissue debris. On 
the outskirts of the wound bed, we noted the presence of 
vascular congestion with blood vessels with altered 
walls and with microbleeds or rare vascular thrombosis 
and capillary angiogenesis. Also, here we noticed the 
presence of a moderate inflammatory infiltrate consisting 
of polymorphonuclear neutrophils, macrophages and 
lymphocytes scattered unevenly and the start of the 
recovery process through the appearance of dermal 
connective tissue fibroblasts. To date we did not report 
significant changes between microscopic aspects of 
restorative process between the two groups of animals. 

Both angiogenesis vessels number in the group treated 
with allograft and a control group suddenly increased 
from day one to day three, reaching a maximum between 
9 and 12 days after the lesion. Thus, three days after the 
lesion angiogenesis vessel number was about 14/mm2  
in the group treated with allograft and 12/mm2 in the 
spontaneous healing group. At six days, angiogenesis 
vessel number increased in the group treated with 
allograft to 135/mm2, and up to 123/mm2 respectively in 
the group with spontaneous healing. At nine days, the 
number has reached 265/mm2 in burns treated with 
allograft and up to 134/mm2 in the group of spontaneous 
healing burns (Figures 1 and 2). 
 

 

Figure 1 – Vascular densities gradually increased with 
a peak of 9–12 days and then gradually decreased 
towards the 21th day, for both spontaneous and grafted 
experiment tissue samples. There was a significant 
difference between the means of all the groups for both 
spontaneous [F(1.54)=59.87, p<0.001] and grafted 
experiments [F(1.54)=67.76, p<0.001]. 

Figure 2 – In fact, it was a very tight direct correlation 
between the vascular densities for spontaneous and for 
grafted areas (r=0.967). 
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After this date, the number of angiogenesis vessels 
decreased progressively with increased maturation 
process of granulation tissue and reducing of the 
inflammatory response. 

However, even after 21 days, when most of the 
wound was occupied by mature granulation tissue and 
the epidermis was restored, we noted the persistence  
of a relatively large number of angiogenesis vessels 
with CD34 positive cells and/or alpha-SMA positive,  
64 vessels/mm2 in the group treated with allograft  
and 40 vessels/mm2 within the group with spontaneous 
healing. 

These microscopic aspects show that the dermal 
connective tissue remodeling continues long after the 
wound is healed macroscopically. 

In our study, it was noted that in animals with 
applied allograft (which served as a natural bandage), 
inflammation and polymorphonuclear neutrophil 
response and especially macrophages was more intense 
than in the control group, something which materialized 
and appearance of a greater number of vessels angio-
genesis by 10–15% compared to the control group, in 
which healing occurred naturally. 

Because in the formation of angiogenesis vessels 
two types of cells are involved, respectively angioblasts 
and pericytes, we wanted to highlight the role of these 
cells in the emergence and development of the vascular 
wound healing of burned treated vs. allograft healing 
spontaneous. 

To capture the interrelations between the two cell 
types we used chemical immunostaining and immuno-
fluorescence of these cells with CD34 antibody for 
endothelial progenitor cells, or alpha-SMA pericytes. 

As shown in our images (Figure 3), endothelial 
progenitor cells, CD34 positive, appeared among the 
first in granulation tissue structure. 

Sometimes they appeared as solid cell cords, which 
then forms the lumen, the ramifications of preexisting 
vessels or vessels unrelated to the burn wound. 

Pericytes, highlighted with alpha-SMA antibody had 

a significantly lower expression at six days (Figure 4) 
compared with CD34 positive cells. 

To highlight more precisely the relationship between 
the two cell types involved in angiogenesis, we performed 
a double immunostaining by imunofluorescent assay of 
angioblasts (green) and pericytes (red). 

We noted that the first and most numerous cells 
forming granulation tissue vascular tubes are CD34 
positive cells (Figure 5). 

Pericytes, alpha-SMA positive cells, appeared on the 
periphery of vessels later than angioblasts, when neo-
formation vessels became functional and reached a 
vascular lumen. 

As the number of angiogenesis vessels increased and 
as their lumen inside the granulation tissue increased, 
pericytes appeared on the periphery of neoformation 
vessels (Figure 6). 

The same was reported in histological and immuno-
histochemical stains (Figures 7 and 8). 

With the start of the maturation granulation tissue 
characterized by reduced inflammatory response and 
increased extracellular matrix, especially collagen fibers, 
the number of angiogenesis vessels gradually decreased 
both in animals treated with allograft and animals in the 
control group. 

This reduction evolved from deep wound to the 
surface. Some of the newly formed vessels acquired a 
wider lumen and pericytes were ordered in several 
layers transformed into smooth muscle cells, giving rise 
to arterioles and venules. Thus, on the same histological 

specimen we found both young angiogenesis vessels and 
mature blood vessels (Figure 9). 

Compared with controls, in animals treated with 
allograft reaction was observed more intense and longer 
duration of pericytes. This may be due to the appearance 
of large quantities of induced stimuli by stronger 
inflammatory response in animals treated with allograft. 
 

 

Figure 3 – Immunohistochemical image of angiogenesis 
vessels with positive immunostaining for CD34, six 
days after applying the allograft: cords of angioblasts 
in contact or at a distance of preexistent vessels that 
progressively form a lumen. LSAB technique, ×200. 

Figure 4 – Granulation tissue microscopical image, six 
days after applying the allograft, with reduced number 
of positive alpha-SMA pericytes. LSAB technique, ×200. 
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Figure 5 – Granulation tissue immunofluorescence 
image, six days after applying the allograft, with 
numerous CD34 positive angioblasts (green) that form 
vascular tubules and rare alpha-SMA positive pericytes. 
Double immunostaining with CD34 and alpha-SMA, 
×400. 

Figure 6 – Granulation tissue after nine days: rising 
number of angiogenesis vessels but alpha-SMA positive 
pericytes also. Double immunostaining with anti-CD34 
(green) and anti-alpha-SMA (red) antibodies, ×400. 

 

Figure 7 – Numerous angiogenesis vessels with CD34 
positive cells in granulation tissue, nine days after 
applying the allograft. LSAB technique, ×400. 

Figure 8 – Angiogenesis vessels with positive alpha-
SMA pericytes well expressed in granulation tissue, 
nine days after applying the allograft. LSAB technique, 
×200.

 

 
Figure 9 – Under maturation deep wound granulation 

tissue, 15 days after applying the allograft, with small 
vessels of angiogenesis persistence, but also mature 
type vessels appearance (arterioles and venules) with 
positive immunostaining for alpha-SMA in pericytes. 
LSAB technique, ×200. 

 Discussion 

The skin is a vital organ of the body to maintain 
homeostasis, the first line of defense against the 
aggression of external factors. It is a mechanical barrier 
attenuating or canceling energy of blunt objects, prevents 
pathogens (bacteria, viruses, fungi) or toxic substances 
in the air or dissolved in water, toxins or UV radiation. 
Also, skin limits the loss of water and salts from the 
body, synthesizes vitamin D, participates in maintaining 
constant body temperature by reducing heat loss when 
the body is exposed to cold or accelerates heat loss 
(thermolysis) to avoid overheating the body. It represents 
a vast surface receptors for pain, pressure, stretching, 
temperature, being considered the largest sensory organ. 
Therefore, the skin is equipped with a high capacity to 
autoregenerate by various physical, thermal or chemical 
aggressions. 

Third-degree burns of the skin, on large areas, are  
a major cause of morbidity and mortality because skin 
functions are profoundly altered and its restorative 
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capacity is reduced [11]. In addition, extensive burns  
are associated with higher systemic changes, up to heart 
failure, renal or hepatic impairment. Therefore, in clinical 
practice, in deep and extensive burns of over 20% of the 
skin, skin graft is necessary for more rapid recovery and 
resumption of skin organ function [12]. 

Restoring third-degree skin burns triggers a cascade 
of cellular, tissue and molecular events aimed at restoring 
homeostasis. These processes consist of migration of 
blood cells in the wound and the development of a local 
inflammatory reaction, which aims to remove cellular 
debris and pathogens, connective tissue cell proliferation 
and extracellular matrix deposits, development of a 
blood vascular network new and newly formed tissue 
remodeling (granulation tissue) [13, 14]. In these 
processes, angiogenesis and recovery process of a new 
network of blood vessels from existing ones [15] has a 
primary role because through these vessels oxygen and 
nutrients are supplied to granulation tissue [9], and 
eliminate waste products. Insufficient angiogenesis 
process may result in coagulation necrosis area 
enlargement enabling the development of microbial 
flora and wound healing is more prolonged and often 
determines the appearance of scarring [4]. 

In our study, we evaluated angiogenesis in the third-
degree skin burns after treatment with allograft vs. 
spontaneous angiogenesis in the healing process, 
highlighting the CD34 positive cells. CD34 is a highly 
glycosylated transmembrane glycoprotein expressed  
by hematopoietic stem cells, progenitor cells [16] and 
endothelial cells of small blood vessels and lymphatic 
[17]. 

Application of skin allograft with a biological dressing 

role, led to a broader inflammation and angiogenesis 
vessels increase by about 10–15% compared to control 
group. Angioblasts, vascular endothelial precursor CD34 
positive cells of bone marrow origin, often formed solid 
cell cords, which later transformed into lumen endothelial 
tubes. Most often, these cords arrangement was from 
deep wound to its surface or from lesion edges to the 
center. This arrangement means that angiogenesis 
vessels are related to healthy vessels from the periphery 
of the burned region [18, 19]. 

Concept that bone marrow-derived cells contribute to 
postnatal neoangiogenesis by endothelial differentiation 
was first issued by Asahara T et al., in 1997. It is now 
widely accepted that circulating endothelial precursor 
cells have a significant contribution to wound tissue 
healing [20–22]. These cells can be collected from the 
bone marrow and peripheral blood can be grown and 
can be used by direct inoculation within the wound to 
form angiogenesis vessels. Relatively recent data show 
that guiding these cells in tissues is performed by cells 
that synthesize proangiogenic factors [23]. 

Cells that release proangiogenic factors include 
macrophages, cells that, as we have seen, are plenty 
within young granulation tissue. More recent studies 
[24], however, showed that macrophages occurring 
during various phases of skin repair, perform distinct 
functions, including that of stimulating angiogenesis. 
Currently, there have been identified at least two types 
of macrophages: type M1 that secrete proinflammatory 

mediators, and M2 that stimulate angiogenesis and 
wound healing [25–27]. 

In our study, it was noted that in the group of animals 
who underwent allograft, pericytes had a stronger 
reaction than the control group. Pericytes are the second 
most important cellular element, which appeared in 
neoformation vessels. In normal tissues, pericytes  
are arranged discontinuously in the basal membrane  
of capillaries and post-capillary venules. Contractile 
proteins in the cytoplasm emit many extensions around 
endothelial cells within the vascular wall with the role 
of stabilizing and regulating microvascular blood flow. 
Recent data [28] show that between pericytes and 
endothelial cells appears to be a very well controlled 
balance. 

In our study, pericytes occurred at the periphery of 
angiogenesis capillaries after the formation of endothelial 
tubules. By other authors [29], pericytes are among the 
first cells that invade the newly formed tissues, being 
located in the area in front of endothelial growth  
buds, causing vascular bud formation and guidance of 
newly formed vessels. We believe that pericytes are 
mesenchymal cells that differentiate after receiving 
stimuli coming from the angioblasts, with the main role 
to stabilize the newly formed capillary structure. 

 Conclusions 

Restoring blood vascular network from third-degree 
skin burns treated skin allograft had a similar dynamic 

process of angiogenesis as those occurring during 
spontaneous healing, but it was more intense by about 
10–15% compared to control group. Therefore, allograft 
allows and even encourages the restoration of 
vasculature within the burned wound. Dynamic vessel 
angiogenesis know a faster growth in the first 9–12 
days, after which the number of vessels regresses as the 

dermal granulation tissue matures. Persistence of 
angiogenesis vessels in the dermis after fully recovered 
epidermis shows that maturation processes and modeling 

of dermal connective tissue continues after this stage. 
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