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Collagen quantification in rabbit dermal wounds treated with 
heterologous platelet-rich plasma gel

Quantificação de colágenoem feridas dérmicas de coelhos tratados 
com plasma rico em plaquetas heterólogo gel

Maria Elisa Marin Marques1; Cecília Braga Laposy2; Mariana Lucas dos Santos 
Silva3; Maria Rosa Breda3; Mayara Mascaro Matsumoto3; Luis Antonio Justulin 

Junior4; Gisele Alborghetti Nai2; Guilherme Akio Tamura Osaki5; 
José Carlos Camargo Filho6; Rosa Maria Barilli Nogueira2* 

Abstract

Platelet-rich plasma (PRP) has been extensively studied as a biomaterial for wound treatment, and the 
heterologous PRP is usefulin the event that obtaining the patient’s own blood is impossible. This study 
aimed to evaluate and compare wound healing in rabbits and quantify the collagen in experimentally 
induced wounds in a control group and in a group treated with heterologous PRP gel. We hypothesize 
that this gelis capable of promoting proper healing with no adverse reactions, increased collagen content. 
The clinical aspects of coloring, edema, hyperemia, exudation, crust, granulation, pain sensitivity, 
and retraction index of the wounds were measuredon days 7, 14, and 17 after the injury. Collagen 
quantification by Picrosirius staining and evaluation under polarized light was performed on the 17th 
day. Crust was present in both groups at all evaluated time points, with the absence of other clinical 
signs. The wound contraction rate and collagen quantity did not differ between groups. In conclusion, 
the suggested hypothesis was partially confirmed; the heterologous PRP gel was unable to increase the 
amount of collagen and accelerate the wound healing process, however, wound healing was efficient 
and similar in both groups and there was no local adverse reaction. Thus, despite the scarcity of studies 
in the literature, the heterologous PRP gel is an effective alternative treatment for wounds in the absence 
of other sources of PRP.
Key words: Wound healing. Rabbits. Collagen. Platelet-rich plasma.

Resumo

O plasma rico em plaquetas (PRP) tem sido amplamente estudado como um biomaterial para o tratamento 
de feridas, sendo o produto de fonte heteróloga indicado na impossibilidade de obtenção do sangue do 
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próprio paciente. O presente estudo teve como objetivo, avaliar e comparar a cicatrização em coelhos, 
e quantificar o colágeno de feridas experimentalmente induzidas, denominadas controle e tratadas, com 
PRP heterólogo gel. A hipótese é que este produto seja capaz de promover cicatrização adequada sem 
reações adversas, e promova aumento do colágeno. Os aspectos clínicos cor, edema, hiperemia, exsudato, 
crosta, granulação, sensibilidade a dor e índice de retração das feridas foram avaliados nos dias 7, 14 e 
17 após a lesão. A quantificação do colágeno, através da coloração com Picrosirius e avaliação sob luz 
polarizada, foi realizada no 17º dia. Houve presença de crosta nos dois grupos em todos os momentos 
avaliados, com ausência dos demais sinais clínicos. O percentual de contração da lesão e quantidade de 
colágeno não diferiu entre os grupos. Concluiu-se que a hipótese sugerida foi comprovada em partes, 
ou seja, o PRP heterólogo gel não foi capaz de aumentar a quantidade de colágeno e acelerar o processo 
de cicatrização tecidual, no entanto, a cicatrização foi eficiente e semelhante entre os dois grupos e não 
houve nenhum tipo de reação adversa local. Desta forma, apesar da escassez de estudos encontrados na 
literatura, o PRP heterólogo gel é uma alternativa de tratamento de feridas, na impossibilidade de uso 
de outras fontes de PRP. 
Palavras-chave: Cicatrização de feridas. Coelho. Colágeno. Plasma rico em plaquetas.

Introduction

Wounds can be caused by various factors 
and are responsible for causing physical and 
psychologicalsuffering to individuals, most of the 
time generating a negative impact on the quality of 
life of patients and their families, as well as posing 
a problem for the public health system by increasing 
government costs (BRASIL, 2002; ALVES; 
VIEIRA, 2012). Wound treatment strategies are 
widely discussed in the literature and involve a 
large number of studies based on various types of 
substances, especially biomaterials (MELO et al., 
2012).

The healing process involves a sequence of 
cellular and molecular events, as well as different 
types of cells that interact for reconstitution 
and wound healing (MANDELBAUM et al., 
2003; CAMPOS et al., 2007; REES et al., 2015). 
According to Naude (2010), the healing process 
occurs in three phases: inflammation, proliferation, 
and remodeling. Guo and DiPietro (2010) as well 
as Ding and Tredget (2015), however, argue that 
hemostasis may be designated as the initial phase, 
preceding inflammation.

In the hemostasis phase, vasoconstriction, 
platelet release reaction, clot formation, and release 
of proinflammatory cytokines and growth factors 
prevail (GUO; DIPIETRO, 2010). This is followed by 
the inflammatory phase, characterized by infiltration 

of leukocytes, neutrophils, and macrophages, the 
latter of which are responsible for phagocytosis 
of microorganisms and wound debridement 
(DING; TREDGET, 2015). In the proliferative 
phase, fibroplasia, angiogenesis, granulation tissue 
formation, and wound contraction by myofibroblasts 
take place, overlapping the preceding phase (REES 
et al., 2015). The remodeling phase is the period 
where vascularization of the wound returns to 
normal, and then collagen remodeling occurs, an 
event that can last years, according to Guo and 
DiPietro (2010).

For the treatment of wounds, it has been discussed 
that the use of platelet-rich plasma gel (PRP), a 
platelet concentrate with a high concentration of 
growth factors (GF) that has been applied in several 
health fields, may be usedto accelerate the healing 
process and promote high-quality tissue repair 
(AKHUNDOV et al., 2012; VENDRUSCULO 
et al., 2014). Several growth factors have been 
identified in the PRP, such as the transforming 
growth factor beta (TGF-β), platelet-derived growth 
factor (PDGF), vascular endothelial growth factor 
(VEGF), and epidermal growth factor (EGF) (WOO 
et al., 2014). During the process of injury repair, the 
high concentration of these growth factors allows 
for an increase of angiogenesis, stimulation of 
proliferation, migration, and cellular differentiation, 
as well as boosting collagen production (PAL et al., 
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2012; SCLAFANI; AZZI, 2015). During the healing 
process, collagen deposition is a clinically important 
factor for defining the scar quality. Collagen is the 
main component of the dermal matrix and plays a 
structural role thanks to its mechanical properties 
that give shape and structure to tissues (RICARD-
BLUM, 2011).

The heterologous PRP has been proposed as an 
important and safe alternative in cases where the 
patient has unfeasible or contraindicated conditions 
for obtaining their own blood (SHAN et al., 2013; 
SUZUKI et al., 2013; MARCK et al., 2014). In 
studies in our laboratory, Abegão et al. (2015) 
reported that the heterologous PRP gel was able to 
promote wound healing without causing harmful 
effects. However, there is a need for further studies 
to evaluate the quality of scar tissue in wounds 
treated with heterologous PRP as well as to quantify 
the presence of collagen. Therefore, we sought 
to evaluate and compare healing in rabbits and 
quantify the collagen in experimentally induced 
wounds between a control group and a group treated 
with heterologous PRP gel. We hypothesize that the 
heterologous PRP gel is able to promote proper 
healing, does not induce any adverse reactions, 
promotes increased collagen in tissues, and 
accelerates healing.

Materials and Methods

The Ethics Committee on Animal Use (CEUA) 
approved this study under protocol number 2362 of 
the university of origin.

Macroscopic and morphometric analysis

On days 7 (M7), 14 (M14), and 17 (M17) after 
experimental induction of dermal wounds in the 
dorsal cervical region on six rabbits, called A-side 
control group (treated with 0,5 mL of 0.9% sodium 
chloride) and B-side treated group (using 0,5 
mL of PRP heterologous gel obtained by double 
centrifugation from dogs), as previously reported 

by Abegão et al. (2015), we clinically assessed 
the wound color (1- pinkish, 2- yellowish, 3- pale, 
4- cyanotic), exudate, crust, edema, hyperemia, 
and granulation tissue (1- missing, 2- present). 
Morphometric analysis was carried out using graph 
digital caliper (DC-60 Western®) to measure the 
major and minor diameters of the wound. The area 
was then calculated using the following mathematical 
equation described by Prata et al. (1988): A=π × R 
× r, where A = area of the wound, R = larger radius, 
and r = smaller radius. The calculation of the wound 
contraction rate was expressed by the formula used 
by Ribeiro et al. (2009): Af-Ai/Ai × 100, where Ai 
= initial wound area (M0) and Af = final wound area 
(M17).

Samples, processing, and collagen quantification 
using image analysis

Twelve 8-mm punch biopsy skin samples were 
obtained by Abegão et al. (2015) in the 17th day of 
the healing process, fixed in 10% buffered formalin 
solution for 24 hours, and then embedded in paraffin. 
In this study, serial tissue sections, 5-μm thick were 
prepared with a manual microtome paraffin blocks 
and then stained for 30 min using Picrosiriusred 
F3BA were sectioned for evaluation of interstitial 
collagen fraction (LATTOUF et al., 2014). Sections 
were then mounted for observation under polarized 
light microscopy

 Histological analysis was performed by the 
same pathologist without prior knowledge of the 
sample identification. To capture the images, a 
light microscope (Leica DMLB, Wetzlar, Hessen, 
Germany) was used, with and without polarization, 
coupled to a camera (Leica DFC300 FX, Wetzlar, 
Hessen, Germany). The images seen in the 
microscope were projected on a monitor using an 
image analyzer software (Leica QWin Plus, Wetzlar, 
Hessen, Germany). They were then randomly 
selected three fields, including the compartments 
of the epidermis, superficial (papillary layer) and 
deep dermis (reticular layer), the view under a 
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standardized 20X objective lens. The collagen 
fibers in each field have been identified by the 
image analyzer, which determined the percentage 
of the total area occupied by them. The percentage 
of collagen was determined by averaging the three 
fields evaluated.

Statistical analysis

To assess whether there was a difference in the 
size of the wound areas between the time points, as 
well as between the control (A) and treated group 
(B), the Kolmogorov-Smirnov test was used to 
assess the normality of the data, and subsequently 
the nonparametric Kruskal-Wallis test was used 
to test for equality of variances. The same tests 
were used to determine the difference of collagen 
concentration present in the wounds of the groups 
(A) and (B), the results of which were expressed as 
a percentage. The Action Stat software (Estatcamp, 
São Carlos, São Paulo, Brazil) was usedfor all 
statistical analysis and a significance level of 5% 
(p<0.05) was used.

Results and Discussion

This study used the heterologous PRP gel for 
cutaneous wound healing which, according to 
Barrionuevo et al. (2015), proves to be as effective 
as autologous and homologous sources. In studies in 
the fields of dentistry (PAL et al., 2012; FORNI et al., 
2013), orthopedics (FERNÁNDEZ-SARMIENTO 
et al., 2013; ZHANG et al., 2013), vascular 
surgery (LAWLOR et al., 2011), and dermatology 
(BERNUZZI et al., 2010; DEMIDOVA-RICE et 
al., 2012), PRP from different sources has been 
efficient and inexpensive (REZENDE et al., 2011; 
BARRIONUEVO et al., 2015).

The absence of granulation tissue, exudate, pain, 
edema, and hyperemia at all times observed from 
M7 agrees with the reports of Ribeiro et al. (2009), 
Abegão et al. (2015), and Barrionuevo et al. (2015), 
which mention the presence of these signals only 
until the peak of the inflammatory phase, i.e., three 
days after the injury.

Unlike the aforementioned authors, Bernuzzi et 
al. (2010) and Ostvar et al. (2015) treated wounds 
with autologous PRP and they observed tissue 
hypergranulation. According to Engelen et al. 
(2004), some factors may promote the formation of 
granulation tissue, such as high body mass, lesions 
on the lower limbs, mobility of the region, infections 
and trauma.

The morphological analysis showed the presence 
of dry crust in 16.6% of all wounds at M7. The 
amount of crusted wounds increased to 66.6% in 
the control group and 83.3% in the treated group 
at M14, and then decreased to 50% in the control 
group and 33.3% in the treated group at M17. Other 
authors, who treated wounds with other products, 
reported a significant increase in the formation of 
crusts from the 7th day (COSTA et al., 2014).

In this study, no statistically significant 
difference (p>0.05) was found in relation to the 
wound contraction rate of the group treated with 
heterologous PRP gel when compared to the control 
group (Figure 1). On comparing time points, only 
M17 differed (p>0.05) from M0 (Figure 2). Kane et 
al. (2015), who used an autologous PRP source after 
ankle prosthesis implantation, have also reported 
a lack of a difference between control and treated 
groups in promoting accelerated healing. In contrast 
to these results, the study of Ostvar et al. (2015) 
showed that wounds treated with autologous PRP 
had a significantly faster healing when compared to 
the control.
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Figure 1. Evaluation of the wound contraction rate in the different animals of the control and treated group.
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Figure 2. Changes in wound area at all time points evaluated for animals of the control and treated group. 
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Using polarized light microscopy, we observed 
that the collagen fibers stained with Picrosirius form 
a dense network characterized by the birefringent 
property of the collagen molecule, represented in 
this study by Figures 3G and 3H (VALENTI et al., 
2010). Other methods that allow the observation of 
collagen fibers are found in the literature, such as 
Masson’sTrichrome staining and Hematoxylin and 
Eosin staining (DEROSSI et al., 2009; ABEGÃO 
et al., 2015); however the staining solution used 
in this study is considered more specific for the 
evaluation of collagen (LATTOUF et al., 2014). The 

results obtained from the quantification of collagen 
are shown in Figure 4. Comparing the percentage 
of collagen present in the wounds of the control 
and treated group, we conclude that there is no 
statistically significant difference (p>0.05) between 
the groups, and therefore, the heterologous PRP gel 
did not affect the amount of collagen. This result 
corroborates Abegão et al. (2015) who, while using 
a less accurate technique, also observed no increase 
in collagen by using heterologous PRP gel for 
wound healing in rabbits.
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Figure 3. Appearance of the wounds on the 17th day. On the right are images of the untreated wound, and on the left 
are images of the wound treated with heterologous PRP gel. Macroscopic images of the wounds: A and B,complete 
healing of both wounds. Light microscopy of the wounds (Hematoxylin-Eosin, 400X magnification): C,discrete 
neovascularization (note congested capillaries – thin arrows) and moderate amount of fibroblasts; D,discrete 
neovascularization (note congested capillaries – thin arrows), mild inflammatory infiltrate (asterisks), and large amount 
of fibroblasts. Picrosirius staining (200X magnification): E and F,visible collagen fibers in red. Evaluation of Picrosirius 
staining by using polarized light (200X magnification): G and H,visible birefringence of collagen fibers in red.

(p>0.05) between the groups, and therefore, the heterologous PRP gel did not affect the amount of collagen. 

This result corroborates Abegão et al. (2015) who, while using a less accurate technique, also observed no 

increase in collagen by using heterologous PRP gel for wound healing in rabbits. 

Figure 3. Appearance of the wounds on the 17th day. On the right are images of the untreated wound, and on 
the left are images of the wound treated with heterologous PRP gel. Macroscopic images of the wounds: A 
and B,complete healing of both wounds. Light microscopy of the wounds (Hematoxylin-Eosin, 400X 
magnification): C,discrete neovascularization (note congested capillaries - thin arrows) and moderate amount 
of fibroblasts; D,discrete neovascularization (note congested capillaries - thin arrows), mild inflammatory 
infiltrate (asterisks), and large amount of fibroblasts. Picrosirius staining (200X magnification): E and 
F,visible collagen fibers in red. Evaluation of Picrosirius staining by using polarized light (200X 
magnification): G and H,visible birefringence of collagen fibers in red. 
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Picrosirius has been used for more than 30 
years to identify the types of collagen using 
polarized light, where the thick fiber bundles of 
type I collagen presents a high birefringence using 
polarized light, represented by yellow, orange, and 
red staining. The thin fibrils of type III collagen 
presents a low birefringence, represented by green 
staining (JUNQUEIRA et al., 1979; CAMPOS et 
al., 2007; COEN et al., 2013; CAVALLO et al., 

2014; NICOLAU et al., 2014). In contrast, other 
authors report that the colors of the polarization 
are dependent only on the three-dimensional 
organization of the molecule and the thickness of 
the fibers, and not on the composition of specific 
types of collagen present in the fibers, which would 
be better analyzed using immunohistochemistry 
techniques (PIERARD, 1989; BORGES et al., 
2007, COLEMAN, 2011; LATTOUF et al., 2014).

Figure 4. Percentage of collagen in the wounds of the control group and in wounds treated with heterologous PRP gel, 
after Picrosirius staining and observation using polarized light microscopy.
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