
Pesq. Vet. Bras. 36(7):617-624, julho 2016
DOI: 10.1590/S0100-736X2016000700010

617

RESUMO.- [Papel das células-tronco mesenquimais au-
tólogas em comparação com plasma rico em plaquetas 
na cicatrização de feridas cutâneas em camundongos 

diabéticos.] Lesões cutâneas crônicas afetam 15% dos pa-
cientes diabéticos e humanos representam um risco 15 a 
46 vezes maior de amputações de membros em compara-
ção com as pessoas com a glicemia normal. Supõe-se que 
a metade destas amputações poderia ser evitada por meio 
do tratamento precoce das feridas cutâneas com, por exem-
plo, uma adequada terapia celular. Objetivos: Neste estudo, 
a ação do transplante autólogo de células estaminais me-
senquimais (MSC) foi avaliada em comparação com o trata-
mento com plasma rico em plaquetas autólogo (PRP) na ci-
catrização de lesões cutâneas induzidas em camundongos 
diabéticos. Estes animais foram previamente tratados com 
estreptozotocina para induzir diabetes mellitus e feridas 
redondas de 1,5 cm de diâmetro foram criadas na região 
posterior. Os diâmetros dos ferimentos e tempo de cicatri-
zação foram avaliados durante 30 dias e os resultados fo-
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ram submetidos à análise de variância e média pelo teste 
de Tukey. Verificou-se que os animais tratados com MSC 
apresentam uma cicatrização mais acelerada da lesão cutâ-
nea que do que os animais tratados com PRP. No entanto, 
o tratamento com PRP apresentou melhores resultados do 
que apenas a assepsia das lesões diariamente com solução 
salina ou cobrindo-os com atadura semi-permeável. Além 
disso, a utilização de atadura semi-permeável mantidas as 
lesões cutâneas de camundongos diabéticos não interfere 
negativamente com a cicatrização, provou ser inofensiva 
para usar, mas manteve as lesões cutâneas hidratadas mais 
do que os expostos ao meio ambiente.
TERMOS DE INDEXAÇÃO: Lesão cutânea, cicatrização da lesão, 
células-tronco mesenquimais, diabetes mellitus.

INTRODUCTION
Diabetes mellitus (DM) is a world health care problem. The 
chronic cutaneous lesions deriving from endothelial dys-
function, are one of the main complications of this disease 
and cause amputation in humans (Boyle et al. 2001, Avogaro 
et al. 2011, Adamo & Caprio 2011).

Half of these amputations could be avoided through 
the early detection of diabetes and the appropriate treat-
ment of cutaneous lesions, as cellular therapy and the use 
of somatic stem-cells (SSCs) (Tark et al. 2010, Altman et al. 
2011) or platelet rich plasma (PRP) (Barbosa et al. 2008, 
Frykberg et al. 2010, Saad et al. 2011).

Mesenchymal stem-cells (MSC) are a type of SSCs easy 
to isolate and to culture from several organs, as they ori-
ginate from mesodermal and non-mesodermal tissues and 
have a wide capacity of differentiation (Herzog et al. 2003, 
Meirelles et al. 2006, Altman et al. 2011).

The possibility to use autologous MSCs in the reparation 
of cutaneous lesions is an important therapeutic alternati-
ve, enabling diabetic or patients with cicatrization disor-
ders be benefited (Bjornson et al. 1999, Shi et al. 2006, Tark 
et al. 2010). Contemporary research demonstrated the po-
sitive contribution of MSCs for the treatment of human skin 
lesions and to reduce the inflammatory phase of wound he-
aling through, increased collagen deposition and the early 
phase of reepithelialization (Kim et al. 2011, Maharlooei et 
al. 2011).

In veterinary medicine, there is little research on the 
usage of autologous MSCs for skin healing in diabetic pa-
tients (Badillo et al. 2007, Falanga et al. 2007), a fact which 
underscores the need for standardization of methodologies 
used to study the clinical contribution of these cells in ani-
mal model of experimental diabetes.

PRP is widely used in tissue repair and promotes a 
strong cicatrization stimulus (Barbosa et al. 2008, Fryk-
berg et al. 2010, Mehta et al. 2010). Until now, seven diffe-
rent growth factors (GF) present in the PRP were identified 
which significantly contribute to the cicatrization process. 
Besides, the PRP is a low cost and easy access product, 
excluding the need for special equipments (Barbosa et al. 
2008, Saad et al. 2011).

The objective of this paper was to evaluate by means 
of clinical analysis the action of autologous mesenchymal 

stem-cells compared to the treatment with platelet rich 
plasma in the reparation of cutaneous lesions created in 
diabetic mice.

MATERIAL AND METHODS
Ethics statement. The methodology used in this study was 

approved by the Ethics Committee in Animal Experiments (CEEA) 
of the Federal University of Viçosa (UFV), according to the state-
ment nº 43/2007, in accordance to the regulations of the Brazi-
lian Collegiate of Animal Experiment (COBEA).

Animals. Forty (40) male mice (Mus musculus, C57BL/6) were 
used, negative for the gfp gene expression, average body weight of 
30 grams and three weeks old. From those, 28 mice were used for 
clinical studies and 12 for the histopathological study. The mice 
were fed with commercial food for rodents and kept in individual 
cages, with controlled photoperiod, temperature and humidity for 
thirty consecutive days. The sample was calculated with confiden-
ce interval of 99% for sample calculation for finite populations 
(Triola, 1999). Also, five mice were used (Mus musculus) C57BL/6 
as blood donors to obtain the PRP, not being used for the in vivo 
study.

Induction of type I diabetes mellitus. Intra-peritoneal in-
jection of streptozootocin (Sigma Chemical Company, Saint Lou-
is, USA), in the dose of 120mg/kg (Delfino et al. 2002, Choi et al. 
2003), diluted in 0.5mL of sodium citrate buffer 0.01M, pH 4.5, in 
single dose was administered in all mice of this study.

Blood glucose was measured at fastening (Maharlooei et al. 
2011), after seven days, in glucometer (Roche, São Paulo, Brazil). Ani-
mals that showed blood glucose values equal or superior to 250mg/
dL (Carvalho et al. 2006; Volpato et al. 2006) and polydipsia were 
considered diabetic. Further, blood glucose was measured in the 
morning, non fastening, until the end of the experiment (30 days).

Based on results of a pilot study, after seven days, treatment 
for diabetes was started with isophane human insulin (Novo Nor-
disk Farmacêutica do Brazil Ltda, São Paulo, Brazil), subcutaneou-
sly, on the dosage of 20U/Kg or 6U/mice, adjusted according to 
the individual blood glucose, to prevent the blood glucose exceed 
300mg/dL, which lead to their death.

Mesenchymal stem-cell cultures. Mesenchymal stem cells 
(MSC) were collected by the Immunogenetics Laboratory of the 
Federal University of Rio Grande do Sul, from the bone marrow 
of isogenic C57BL/6 mice, positive for the expression of gene gfp 
and donated to this search.

These cells were centrifuged at a temperature of 22oC and 
1500rpm for 10 minutes. The supernatant was discarded and pel-
let resuspended in 0.5mL of culture media (Sigma Chemical Com-
pany, Saint Louis, USA). From this solution, an aliquot was removed, 
diluted in Trypan Blue (1:1), for cell count in Neubauer chamber.

When the minimum cell concentration of 5x106 cells/mL was 
obtained, cells were incubated at 37ºC in 5% of CO2 and air humi-
dity of 95%, and the culture media were weekly changed until the 
formation of a cell monolayer.

Later, the culture media were discarded and the cells of the 
monolayer were washed with buffered phosphate saline solution 
(PBS), pH 7.2, pre-heated at 37oC and trypsinized (1mL of trypsin 
0.25%) (Sigma Chemical Company, Saint Louis, USA). Trypsin was 
inactivated with the addition of PBS, the solution was centrifu-
ged and the supernatant was discarded. Cells were resuspended 
with 3.5mL of culture media and transferred into culture flasks of 
25cm², which were kept incubated at 37oC and 5% of CO2.

The culture media of the flasks were changed every four days, 
and when the cells confluence of 80% were obtained, cells were 
washed, trypsinized, transferred into flasks with the double of 
original area (1:2) and kept incubated at 37oC and 5% of CO2.
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When the minimum cell concentration of 3x107 cells/mL, the 
solution with suspended MSC in PBS was transported on micro-
tubules for the surgical site, for immediate transplantation in 
C57BL6 mice.

Fluorescence-activated cell sorting (FACS). Cells were tryp-
sinized, collected and incubated for 30 minutes at 4oC with phyco-
erythrin (PE)- or fluorescein isothicyanate (FITC)- conjugated 
antibodies against murine CD45, CD11b, CD90.2, CD49e, CD29 
and CD44. Excess antibody was removed by washing. Detection of 
PE and FITC staining was accomplished on a FACS can cytometer 
(Kim et al. 2011, Nardi & Meirelles 2006).

Blood collection to obtain PRP. The blood donor mice were 
anesthetized (Crisfarma Ltda, Aracaju, Brazil.) and the left ventri-
cle punctured for the collection of all circulating blood. The blood 
sample was centrifuged with anti-coagulant (Quibasa Química 
Básica Ltda, Belo Horizonte, Brazil) during 5 minutes, at a speed 
of 1500rpm at 4°C resulting in the two following layers: the infe-
rior layer composed of red cells and the superior layer made up of 
plasma. The plasma layer was first aspirated to avoid its mixing up 
with the erythrocytes and was centrifuged for another 5 minutes 
at 1500 rpm in order to separate a few erythrocytes still present. 
The total plasma volume was counted and distributed into tubes 
containing 50µL of plasma added 25µL of 10% calcium gluconate 
for activation and placed in bain-marie at 37°C until plasma gela-
tion (Tark et al. 2010; Saad et al, 2011, Frykberg et al. 2010). The 
plasma preparation took place moments before the application.

Origin of cutaneous wounds. Two week after inducing DM, 
animals were anesthetized by peritoneal application ketamine 
0.02mL/100g (Fort Dodge Saúde Animal, Campinas, Brazil) and 
xylazine 0.0015mL/100g (Virbac Saúde Animal, São Paulo, Brazil) 
used in combination and trichotomized in the dorsal region and 
were submitted to antimicrobial (Bayer® Saúde Animal, São Paulo, 
Brazil) and analgesic therapeutics (Cristália Produtos Químicos 
Farmacêuticos Ltda Itapira, Brazil) before the surgical procedure.

Antisepsis of the trichotomized area was performed, and a 
round wound of 1.5cm of diameter was created, by removing skin 
of the animal with a punch. However, based on the results of a pi-
lot study, which identified that the retraction of the wound edges 
influenced the lesion areas, they were sutured to the surrounding 
muscle with a nylon monofilament thread, in simple separated 
stitches.

Treatments. The 40 mice were randomly separated into four 
groups of ten subjects each. The time it took to obtain the MSC 
solution in the concentration of 3.3x107 cells/mL and the PRP in 
the concentration of 2x107 platelets/µL to the transplant for the 
cutaneous lesions in the mice was 30 minutes. All mice were tre-
ated immediately after surgical procedure and observed daily for 
30 consecutive days.

The witness group (WG) was constituted of mice in which the 
cutaneous lesions were treated with saline. In the mesenchymal 
stem-cell (GSC) and platelet rich plasma (GPR) groups, were tre-
ated with the MSC and platelet rich plasma, autologous, respecti-
vely, in one application, covered with a semi-permeable adherent 
polyurethane membrane (3M Nexcare Company, Saint Paul, USA) 
used to keep the MSC and PRP in the location of the lesion. In the 
polyurethane group (PG) the cutaneous lesions were covered 
with a semi-permeable adherent polyurethane membrane.

The polyurethane membranes are permeable to gases and 
impermeable to liquids, keeping local humidity. After 48 hours 
of the surgical procedure, the cutaneous lesions of all the mice 
were cleaned, daily, with saline moist gauze and the polyurethane 
membranes were replaced.

 Clinical evaluation. In all the mice the following was evalu-
ated: weight, hydric ingestion, glycemia, food intake and the cuta-
neous lesions were inspected, once a day during the experiment.

The variables lesion areas (LA) and cicatrization time (CT) 
were analyzed daily be means of digital photographs with stan-
dardized light intensity and camera height. The images were 
transferred and evaluated in a computerized analysis program 
(Softium Informática Ltda, Fortaleza, Brazil).

For each mouse the average was obtained of the values found 
for the LA and CT variables. From the average of each variable for 
each mouse of the corresponding group, the group averages were 
obtained.

Biopsy and histological procedures. On the 12th day of tre-
atment, three animals of each group were randomly selected, wei-
ghed and submitted to euthanasia for anesthetic overdose with 
Isoflurane. An incisional biopsy was performed, with excision of 
the entire wound and a margin of intact skin.

Skin samples were fixed in buffered paraformaldehyde at 10% 
for 24 hours and dehydrated in solutions of increasing concentra-
tions of ethanol, cleared in xylene, included in histological para-
ffin and sectioned with a rotary microtome, adjusted to 4µm thick. 
Slices were fixed in glass slide and stained by picrosirius (Sirius 
red and picric acid), for identification and quantification of type I 
and type III collagen fibers.

 Later, a mouse of the GSC was also weighed and submitted 
to euthanasia, after the complete cicatrization of the cutaneous 
lesion. The skin sample received the same histological procedure 
and was inserted in histological wax, with the objective of pre-
serving the material for future analysis of the polymerase chain 
reaction (PCR).

Colagen fiber evaluation. The hystological slices stained by 
the picrosirius method were observed in polarized light microsco-
pe conected to a microcomputer equipped with software for ima-
ge capture (Diagnostic Instruments Inc, Sterling Heights, USA).

To assess the variable collagen fibers (COF), three images from 
different sites of each part of the hystological slices were recor-
ded, using objective of 10X with zoom of 1.5 and MAG of 37.5%. 
After captured, the images were analyzed by a image analysis pro-
gram (ImageLab Pro Plus v.4.5, Silver Spring, USA), with the aim of 
assessing the ratio of type I and type III collagen fibers. For such, 
a grid with 50 intersections on the image analyzed was used, and 
the dots over orange or yellow collors were counted to quantify 
type I collagen fibers, green to quantify the type III collagen fibers, 
and black to identify regions were no fiber was found. The percen-
tage of each color was established, for each individually hystologi-
cal slice and, from these, the means of groups was obtained.

DNA extraction. The genomic DNA extraction of the primary 
culture of MSC positive for presence of the gene gfp (positive con-
trol) was performed, from fresh bone tissue of C57BL6 mouse iso-
genic from those used (negative control) and paraffin embedded 
sample of the animal of group CG, as per protocol of the kit (Qiagen, 
São Paulo, Brazil). The sample embedded in paraffin was depara-
ffinized and rehydrated previous to the steps of DNA extraction.

Polimerase Chain Reaction (PCR). For identification of the 
gene gfp in the cutaneous tissue biopsy of the MSC-treated ani-
mal, PCR in the DNA extracted from the biopsy was performed. 
For such, the enlargement of a fragment of 225 base pairs (bp) 
was performed of the gene gfp using primers: gfp-5C 5’ ACT TCA 
AGA TCC GCC ACA ACA T 3’ (direct) and gfp-3C 5’ TTA CTT GTA 
CAG CTC GTC CAT GC 3’ (reverse), with the aim of verifying the 
presence of the gfp gene in tissue samples. The reaction was de-
veloped in a final volume of 25.0µL with the following reagents: 
7.0µL of DNA of the sample; 2.5µL of primer gfp-5C to 0.02mM; 
2.5µL of primer gfp-3C to 0.02mM; 2.5µL of each dNTP to 2.0mM 
(dATP, dTTP, dGTP, dCTP); 2.5µL of buffer of Taq DNA polymerase 
1x and 1U of Taq DNA polymerase (Invitrogen Co, Carlsbad, USA).

PCR was performed with a stage of initial denaturing at 94°C 
for 5 minutes, followed by cycles of three steps: denaturing at 94°C 
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for 35 seconds, annealing at 58°C for 45 seconds and extension at 
72°C for 1 minute, in a total of 40 cycles. A final extension step was 
performed at 72°C for 7 minutes. The PCR products were analysed 
by 1.5% polyacrylamide gel electrophoresis, and stained in solu-
tion of ethidium bromide for visualization in transluminator.

Sequencing reaction of PCR product. After confirmation by 
electrophoresis of the enlargement of fragment of gene gfp, the en-
larged material was purified (USB Corporation, Cleveland, USA).

After purification, samples were submitted to sequencing 
using the DNA sequencer (model ABI Prism 3100 Genetic Analy-
ser – Applied Biosystems, Perkin Elmer, USA) and “Kit Big Dye 3.1”. 
Obtained sequences were analysed in sillico by program BLAST® 
to determine the similarity with other corresponding sequences 
of the gene gfp deposited in the GenBank databank.

Statistical analysis. The results were analyzed with the aid 
of specific software (Sistema para Análises Estatísticas® v.9.1 - 
UFV, Viçosa, Brazil), submitted to the Kolmogorov–Smirnov test 
for verification of normality distribution of the variables LA, CT 
and COF.

Since the variables presented normal distribution, a variance 
analysis was made (ANOVA) for LA, CT and COF seeking the iden-
tification of differences between the independent groups. When 
the treatment effect was detected a post hoc comparison test was 
made of Tuckey averages. For the LA variables also a regression 
analysis to evaluate the evolution between the studied groups 
was made.

A level of rejection of the nullity hypothesis of 1% (p≤0.01) 
for both analyses.

RESULTS
The MSC cultivated were flat, fibroblasts-like and plastic-
-aderent. These cells were positive for CD90.2, CD49e, 
CD29 and CD44, and negative for CD45 and CD11b (Fig.1).

Differences were seen (p<0.01) among the treated 
groups, for the LA and CT variables (Table 1). The mice tre-
ated with MSC presented the lower averages for the varia-
bles LA and CT, when compared to the other treatments. 

Fig.1. Expression of surface markers by murine MSC. Histograms demonstrating the expression of the indicated surface molecules (gre-
en lines) are plotted against controls (black lines).
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The group treated with PRP presented average values for 
these variables superior to the GSC group and inferior to 
the WG and PG. The group treated with the semi-perme-
able adherent polyurethane membrane presented average 
intermediary values for these variables and the WG presen-
ted the higher values (Table 1).

In the evaluation of the time influence for the complete 
cicatrization of the lesions, a difference was seen (p<0,01) 
between the studied groups, having an accentuated ten-
dency for null values that represent a complete cicatrization 

of the lesion, in the mice of GSC, followed by the GPR, in rela-
tion to the other groups. The mathematical cubic regression 
model justify the data, as represented in chart 1 (a, b, c, d), 
with its respective adjusted determination coefficients.

Differences were seen (p<0,01) between the treated 
groups, for the average percentage of type I and type III 
collagen fibers (Table 1). Between the mice treated with 
MSC higher averages for the type I and type III collagen 
fibers percentage was seen, followed by the mice treated 
with PRP, when compared to the other treatments. The 
group treated with the semi-permeable adherent polyure-
rethane membrane presented average intermediary values 
and the witness group, the highest values (Table 1).

The PCR technique identified a band of the gfp reporter 
gene in the agarose gel of the mouse treated with MSC, si-
milar to the positive control, close to 225 pb (Fig.2).

Twenty nine mice presented glycemic level higher than 
250mg/dL seven days after the application of the strepto-
zootocin (STZ) solution and 11 mice presented seven days 
after the second application of STZ. The average glycemic 
levels of the mice increased gradually, for twelve conse-
cutive days, starting from the first measurement (Chart 
2). Even after the start of the treatment with human iso-
phane insulin, the post-prandial glycemia remained above 
250mg/dL.

Fig.3. Experimental cutaneous lesions in mice C57BL6 with eight 
days of clinical evolution. A: lesion dried and erythematous-
-crusted treated with daily asepsis of saline. B: humid lesion, 
non-exsudative and with marginal re-epithelization starting 
from the edges of the lesions (white arrow), treated with au-
tologous transplant of MSC. C: humid lesion, non-exsudative, 
with evident formation of granulation tissue (irregular surfa-
ce – blue arrow), treated with autologous PRP. D: humid le-
sion, non-exsudative and with the accumulation of fibrinoid 
material, treated with the covering of the lesion with semi-
-permeable adherent polyurethane membrane.

Fig.2. Photograph of the agarose gel showing the band of the sam-
ples submitted to PCR. The channel 1 and 5 contain a standard 
marker of 100 pair-bases. Channel 2 contains the product of 
the PCR and MSC in culture (positive control). Channel 3 con-
taining the product of PCR of the cutaneous tissue sample of 
the mice that was not treated with MSC (negative control). 
Channel 4 containing the product of the PCR of the waxed 
cutaneous tissue sample of mice treated with MSC, demons-
trating the identification of the presence of infused GFP-posi-
tive stem cells, in the skin tissue of treated mice.

Table 1. Average of the values found for the LA, CT variables, 
type I and type III collagen in mice C57BL6 (n=28) submitted 

to saline treatment, autologous mesenchymal stem cell 
transplant, topical application of autologous platelet rich 
plasma and covering of the lesions with semi-permeable 

adherent membrane, respectively for 30 consecutive days

	 Groups	 Mean lesion	 Mean	 Mean type I	 Mean type III
		  area, cm	 CT, days	 collagen,%	 collagen, %

	 Witness group	 0, 6902a	 26, 8571a	 34, 67a	 16, 50a

	 MSC	 0,2722b	 14, 7143b	 45, 50b	 22,34b

	 Autologous platelet	 0,3410bc	 16, 8571bc	 40,34c	 20,00c

	 rich plasma
	 Membrane	 0,3829c	 18,2857c	 37,67a	 18,67a

	 Polyurethane

Values followed by different letters have significative difference to each 
other. Tukey test - 1% significance.



Pesq. Vet. Bras. 36(7):617-624, julho 2016

622 Napoleão M. Argolo Neto et al.

The visual inspection of the lesions, the mice of the wit-
ness group presented dried lesions and erythematous-crus-
ted that regressed slowly until the loss of the superficial 
crust and epithelization. The lesions from the polyuretha-
ne group presented themselves humid and non-exudative, 
with a discreet accumulation of fibroid material. The mice 
in the GPR group presented humid and non-exudative le-
sions, with an evident formation of granulation tissue. The 
lesion treated with MSC presented themselves humid, non-
-exudative and with marginal epithelization from the edges 
of the lesion (Fig.3).

DISCUSSION
There are few available studies using autologous MSC and 
PRP in animals. Because DM changes the expression of 
cytokines (Buschard 2011, Hughson et al. 2011, Jiang et al. 
2011, Touvra et al. 2011), there remain large uncertainties 
of cellular components of the diabetic patient will respond 
successfully to stimulate the skin heals.

 The authors of this paper chose not to measure gro-
wth factors in autologous PRP before and after induction of 
diabetes, due to the unpredictability of the transplantation 
of autologous MSC and PRP of animals diabetics for skin 
healing. Therefore, this study evaluated the clinical effect of 
this therapy in cutaneous wound healing in diabetic mice 
model. Later, we intend to deepen this study, measuring 
microcirculatory changes due to diabetes in this animal 
model and variations in the concentrations of growth fac-
tors in autologous PRP and the injury site before and after 
induction of diabetes.

The characteristic morphology and the molecular level 
by flow cytometry of MSC cultivated in this study was the 
same described by other studies for identifying murine 
MSC (Badillo et al. 2007, Falanga et al. 2007, Inoue et al. 
2008, Kwon et al. 2008, Mehta et al. 2010, Jiang et al. 2011, 
Kim et al. 2011).

Even though the submitted to the same deletary effects 
of hyperglycemia, the mice treated with MSC presented in-
ferior average values of the lesion area (p<0,01) in relation 
to the other treatment. Previous research has shown that 
hyperglycemia induces a state of mild chronic inflamma-
tion, which interferes with the balance of the production 
of cytokines involved in tissue repair (Hughson et al. 2011, 
Jiang et al. 2011). The more intense cicatrization observed 
in the lesions of this group can be attributed to the immu-
nomodulation characteristics and plasticity of the MSC.

The molecular mechanism involved in the immunomo-
dulatory properties of the MSC have not been completely 
elucidated, but it is known that these cells produce a gre-
at number of soluble factors that interfere in the behavior 
of inflammatory cells (Nauta & Fibbe 2007, Del Carlo et al. 
2009). One of the main anti-inflammatory soluble factors 
produced by the MSC is the indoleamine 2,3-dioxygenase 
(IDO) (Kim et al. 2011, Inoue et al. 2008). It is possible that 
the used MSC in this study have contributed positively in 
the reduction of the inflammatory phase of cicatrization in 
mice of the GSC by means of the IDO secretion.

Besides, of all the adult stem-cell lineages studied to 
the present moment the MSC presented higher plasticity, 

originating mesodermal and non-mesodermal tissues (Ver-
faillie 2002, Meirelles et al. 2006). For this reason the MSC 
used in the lesions of the mice from group GSC can have 
originated or stimulated the differentiation of cellular type 
committed with cicatrization, such as fibroblasts, increa-
sing deposition of collagen in the lesion bed.

Corroborating this hypothesis, the mice treated with 
MSC presented average percentage values of type I and 
type III collagens superior to (p<0,01) the other treatments 
(Table 1). The higher percentage of collagen in the lesions 
of mice from the group GSC indicates intense fibroblastic 
action, seen that these are one the most responsible cells 
for the replacement of are the fibronectin and proteoglycan 
of the extra cellular matrix per collagen, main component 
of the scar in formation (Balbino et al. 2005). Besides, ac-
cording to contemporary studies (Jiang et al. 2011, Kim et 
al. 2011), indicate that the cutaneous lesions of the mice in 
group GSC are in an advanced cicatrization stage, charac-
terized by the formation of stronger and elastic connective 
tissue.

The predominance of the type I collagen over the type 
III, observed in groups WG, GSC, GPR and PG (Table 1) was 
expected, because these collagens are present in the he-
althy dermis and represent approximately 87% and 10%, 
respectively of the dermal collagen in animals (Kim et al. 
2011, Maharlooei et al. 2011).

However, it was not possible to elucidate if the fibro-
blasts responsible for the increase in collagen percentage 
in mice lesions from group GSC originated from the trans-
planted autologous MSC or just stimulated by them.

The identification of the gfp gene of the MSC in the cica-
trizated cutaneous tissue in the mice of the GSC group by 
the PCR technique (Fig.2) indicates that the MSC were pre-
sent in the tissue, differentiated or not. However, as only one 
animal was evaluated, further studies are needed to identify 
whether all the transplanted MSC persist in all scar tissue.

The mice treated with an autologous MSC transplant 
have also presented a decrease (p<0.01) in the average va-
lues for the CT variable, when compared to the other treat-
ment (Table 1). In the same manner, probably, happen for 
the LA variable, the decrease in cicatrization time can also 
be explained by immunomodulation and plasticity. Besi-
des, the accentuated fibroplasty, identified for the increase 
in concentration of collagen at the location, contributed for 
the reduction in cicatrization time between the mice trea-
ted with MSC.

A positive influence was seen (p<0.01) of time in the 
decrease of the lesion area between the studied groups, ha-
ving accentuated tendency to early cicatrization among the 
mice from the GSC group, followed by the groups GPR, PG 
and WG (Chart 1a, 1b, 1c, 1d).

The mice treated with PRP presented average values of 
the lesion area and cicatrization time inferior (p<0,01) to 
the mice of groups WG and PG (Table 1). How diabetes le-
ads to reduced serum levels of growth factors pro-healing 
(25), it is believed that the platelet-rich plasma used in this 
study has contributed to these growth factors, justifying 
the results.

The PRP is described as rich in pro-cicatrization FC 
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(Frykberg et al. 2010, Saad et al. 2011) and it is believed 
that in this study, the transplanted platelets for the cuta-
neous lesions of the mice have been activated by the con-
tact with the sub-endothelial collagen exposed in the 
lesions and have released the GF present in the alpha gra-
nules. These GF have probably contributed positively for 
the cicatrization of the lesion in mice of the GPR group. This 
mechanism has already been described before by other au-
thors (Barbosa et al. 2008, Frykberg et al. 2010, Jiang et al. 
2011, Touvra et al. 2011) and it is believed that it occurs 
similarly in animals.

Likewise the mice treated with MSC, the GPR group 
presented average percentage values of type I and type 
III collagens superior (p<0.01) to the treatments with an 
adherent polyurethane membrane and asepsis of the le-
sions with saline (Table 1), indicating greater fibroblastic 
activity and formation of stronger and more elastic connec-
tive tissue (Tark et al. 2010, Jiang et al. 2011).

This acceleration of the cicatrization of cutaneous le-
sion treated with PRP has already been reported in human, 
rabbits and horses (Derossi et al. 2009, Frykberg et al. 
2010, Vendramim et al. 2010, Saad et al. 2011) corrobora-
ting with the results of the present study.

However, a positive contribution (p<0.01) in the tre-
atment of lesions of the mice in group GPR was not seen, 
when compared to the GSC. This is possibly due to the ele-
vated plasticity of the MSC, beside its capacity of secreting 
pro-cicatrization FC, which supplemented the benefit give 
by the PRP treatment in this study.

The PG group presented averages for the LA and TC (Ta-
ble 1) variables, inferior (p<0.01) to the WG group. The-
se adherent bandages kept the humidity in the lesion bed, 
enabling the cellular migration of the edges in the center 
of the lesion, observed in the same way by other authors 
(Chiari et al. 1988, Mandelbaum et al. 2003). This charac-
teristic probably favored the action of miofibroblasts in the 
lesion edges and contributed for the acceleration of the 
turnover of inflammatory cells, events that favor the tissue 
reparation. Besides, the maintenance of hydration of the le-
sion tissue prevented the tissue dissection and avoided the 
formation of crusts.

However, no differences were identified (p<0.01) be-
tween the mice from groups PG and WG regarding the per-
centage of type I and type III collagens, demonstrating that 
the semi-permeable adherent polyurethane membrane 
does not stimulate tissue fibroplasias (Table 1).

The benefits in using the polyurethane membrane seem 
to be related to the mechanical effect of humidity mainte-
nance in the lesion bed and the MSC in the location. In rela-
tion to the first, previous studies (Chiari et al. 1988, Grossi 
1998) related the positive contribution of several semi-
-permeable adherent bandages, accelerating in almost two 
times the cutaneous cicatrization process in relation to the 
lesions exposed to the environment.

Also, the mice of the GSC have benefited from the main-
tenance of humidity in the lesion bed, once that he lower 
values found for the variable LA and TC, when compared 
to the groups GPR, PG and WG, show that the MSC found an 
adequate environment for it development.

The persistent fasting hyperglycemia associated to the 
manifestation of emaciation and polidipsia, proves the in-
duction of DM, which experimental model has already been 
successfully described in rats, mice and dogs (Volpato et al. 
2006, Inoue et al. 2008, Kwon et al. 2008, Buschard 2011, 
Maharlooei et al. 2011). The persistance of hyperglycemia, 
during the insulin treatment, observed in the present stu-
dy, was also described in recent researches (Delfino et al. 
2002, Spadella et al. 2005).

Furthermore, the hyperglycemia could have been the 
responsible for the higher values found for the LA variables 
between the mice in the witness and polyurethane groups 
(Table 1), since it is incriminated as the main responsible 
for the chronicity of cutaneous lesions in diabetic humans 
and rodents treated with STZ (Volpato et al. 2006, Inoue et 
al. 2008, Kwon et al. 2008, Buschard 2011, Maharlooei et 
al. 2011).

CONCLUSIONS
It could be concluded that the autologous transplant of 

MSC had a greater positive effect on wound healing, than 
the topical treatment with PRP.

The topical treatment with PRP stimulates the cicatri-
zation in cutaneous lesions in a more efficient way than the 
daily asepsis of cutaneous lesions with saline.

Statistically significant results were noted for both tre-
atments, on the wound size change, cicatrization time and 
quantification of type I and type III collagen fibers, compa-
red with the control group.

The semi-permeable adherent bandage did not inter-
fere with collagen production, proved to be harmless to 
use, but kept the cutaneous lesions more hydrated than the 
ones exposed to the environment.

From these results, further studies are needed to quanti-
fy the growth factors in autologous platelet-rich plasma and 
to identify all the MSC transplanted persist in the scar tissue.
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