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ABSTRACT 
 
Aims: Recombinant proteins rP2 has demonstrated biological activity in inflammation by acting on 
the recruitment of leukocytes and by inducing phagocytosis, also modulating the processes of 
angiogenesis and fibrogenesis in different experimental models. In this study we evaluated the 
effects of the recombinant protein rP21 from Trypanosama cruzi in cutaneous wounds.  
Study Design: The wounds were induced on the back of mice and treated with rP21 at 1 µg/mL 
and 50 µg/mL concentration, for 3 and 7 days.  
Study Location and Duration: Institute of Biomedical Sciences and Animal Breeding Network and 
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Rodents of the Federal University of Uberlândia, between February 2015 and February 2016. 
Methodology: The contraction time of wound, inflammatory cell activities (neutrophils and 
macrophages), angiogenesis and local collagen density were evaluated.  
Sample: Wound induction was performed on 64 male BALB / c mice approximately 9 weeks old. 
Results: Wounds treated with rP21 showed less closure time, in addition to exhibiting greater 
neutrophil activity in the initial phasis, which was reduced simultaneously with the increased 
macrophage activity. The rP21 also performed pro-angiogenic and pro-fibrogenic activity in this 
study model.  
Conclusion: These results demonstrate for the first time the biological potential of rP21 in 
accelerating skin tissue repair. 

 
 
Keywords: Angiogenesis; healing; inflammation; recombinant protein; skin. 
 
1. INTRODUCTION 
 
Wound healing develops cellular and molecular 
events, which aims to reestablish the organ's 
homeostasis. Deregulation of these mechanisms 
cause irregularities in the repair process, leading 
to wounds becoming chronic lesions [1]. The 
chronicity of wounds can be associated with 
different factors such as vascular changes, 
diabetes, aging or the persistence of an 
inflammatory state, which prolongs the healing 
time [1]. Additionally, chronic wounds represent a 
public health problem, causing physical and 
mental suffering to patients [2] with the estimated 
cost for the medical system being around US $ 
25 billion per year, affecting 6.5 million of 
patients [3].  
 
Research on potential drugs exhibiting healing 
properties has been developed and enabled the 
generation of new formulations [4]. Among the 
new therapies proposed, the use of recombinant 
proteins such as the rP21 protein stands out. 
rP21 is a protein from Trypanosoma cruzi whose 
function is associated with cell invasion in the 
host organism and in parasitic replication [5]. For 
the performance of these activities, the parasite 
uses several mechanisms and promotes the 
modulation of inflammation, angiogenesis and 
fibrogenesis [5], processes that are also 
essential for the repair of wounds. 
 
In a subcutaneous implant model of polyester-
polurethane sponges, the treatment with the 
rP21 protein interfered with the generation of 
fibrovascular tissue and had an inducing effect 
on the activity of macrophages and neutrophils 
[6]. Considering the importance of these events 
in wound healing and the ability of rP21 to act on 
these parameters, we seek to explore in this 
study the effects of topical treatment with 
recombinant protein P21 (rP21) on the healing of 
excisional wounds in a murine model. 

2. MATERIALS AND METHODS 
 
2.1 Purification of rP21 
      
The rP21 protein was obtained by affinity 
chromatography technique, using a nickel 
column and dialysis with phosphate-saline buffer 
(PBS) [7]. After isolating the protein, it was 
quantified using Bradford [8] and run on 12% 
polyacrylamide gel to confirm its presence and 
purification status. 
 
2.2 Animals 
 
Forty-eight male BALB/c mice obtained from the 
rodent animal breeding network of the Federal 
University of Uberlândia (UFU) were used.  
These were 9 weeks old and weighed 
approximately 27 g. Animals were kept in 
cabinets with temperature control, 12 hours of 
light and 12 hours of dark, with water and ad 
libutum food. 

 
2.3 Wound Induction and Treatment 
 
The animals were anesthetized intraperitoneally 
with 10 mg/kg of xylazine and 100 mg/kg of 
ketamine (both Syntec). The dorsal region of the 
animals was trichotomized and then four circular 
wounds were induced with a 5 mm punch. The 
wounds were treated immediately after induction 
and subsequent treatments were repeated daily. 
The rP21 was used in treatments at 
concentrations of 1 µg and 50 µg, added in 
carbopol gel. Control group was consisted of 
wounds treated only with the vehicle (carbopol). 
These three groups, control and rP21 at 
concentrations of 1 µg and 50 µg were evaluated 
after 3 and 7 days of treatment. Each wound 
received 250 μl of carbopol, totaling a volume    
of 1 ml of treatment for the 4 wounds of the 
animal. 
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2.4 Wound Closure Evaluation 
        
The wounds were photographed (Sony 
Cybershot 14,1 DSC W320) and had their largest 
and smallest diameters daily measured by a 
digital caliper (150 mm-Matrix). Then, the area 
was obtained from the following formula [9]: 
 

(Smaller diameter / 2) * (Large diameter / 2) * 
PI value: 3.14 

 
After obtaining the area, the closing percentage 
was calculated using the following formula: 
 

Area measurement (%) = area of the wound 
on the day treatment [1- (area of the wound 
on day 0) * 100]. 

 

2.5 Morphological Evaluation 
      
One wound from each animal was fixed for 3 
hours in metacar (Methanol: Chloroform: Acetic 
acid, 7:2:1). Then, the samples were embbeded 
in paraffin and 5 µm sectioned using the rotative 
microtome (MICROM / HM-315). Histological 
sections were stained with Toluidine Blue 0.25% 
for quantification of mast cells, Picrosirius Red 
for evaluation of types I and III collagen and 
Gomori's Trichomic for the quantification of blood 
vessels. For the quantification of mast cells and 
blood vessels, histological areas were obtained 
by photomicroscope (Leica, DM500) coupled 
with an image acquisition system. 10 random 
areas were obtained using the 400X 
magnification (40X objective) per animal, 8 
animals per group. The quantification of collagen 
types I and III was performed after obtaining 10 
areas of the wound region using a 20X objective, 
photographed with the Nikon eclipse Ti 
microscope, optic camera and polarization filter. 
The Image J program was used to quantify the 
parameters in the obtained images [10]. 
 

2.6 Hemoglobin Content Quantification 
      
The measurement of hemoglobin in the wound 
samples was performed using the Drabkin 
method [11]. Half a wound of each animal was 
homogenized in 2.0mL of a hemoglobin-specific 
chromogenic reagent (Drabkin's reagent-
Hemoglobin Labtest kit). Thus, 500 μL of the 
samples were centrifuged for 40 minutes, at 
10.000 x g ,4ºC and filtered through 0.22 μm 
filters (Millipore). The hemoglobin concentrations 
were calculated after reading in a 
spectrophotometer with a wavelength of 540 nm 

(E max, Molecular devices, Sunnyvale, CA, USA) 
using a known standard curve (Lab-test). The 
results were expressed as hemoglobin 
concentration (micrograms) per milligram of wet 
weight. 
 
2.7 Myeloperoxidase (MPO) Activity 
     
Neutrophils activity can be detected using the 
enzyme MPO as a quantitative marker [11,12]. 
One wound was homogenized in 2.0mL of 
sodium phosphate buffer, 80 mM at pH = 6 for 15 
seconds. 300μL of the sample were added to 
600μL of HTAB (Hexadecyltrimethylammonium 
bromide - Sigma) (0.75% w/v diluted in 
phosphate buffer pH 6 was added). The samples 
were sonicated and then centrifugated at 5.000 
rpm, for 10 minutes at 4ºC. The supernatant (200 
µL) was used in the enzymatic assay with 100μL 
of 0.003% hydrogen peroxide; 100 μL of TMB 
(3.3, 5.5- tetramethylbenzidine - Sigma) at 6.4 
mM diluted in DMSO (dimethyl sulfoxide - Merck) 
placed at the same time for 1 minute. The 
reaction was completed with the addition of 
100μL of 4M H2SO4 (sulfuric acid - Merck). The 
results were expressed in MPO index 
(Absorbance in D.O./g wet sample weight) after 
reading at 450 nm (E max, Molecular devices, 
Sunnyvale, CA, USA). 
 
2.8 N- Acetyl- β- D- Glycosaminidase 

(NAG) Activity 
  
NAG activity was evaluated using the Bailey 
technique [11,13] which is based on the 
hydrolysis of p-nitophenyl N-acetyl-β-D-
glucosamine (substrate) by N-acetyl-β-D-
glycosaminidase, releasing p-nitrophenol. NAG is 
a lysosomal enzyme produced by activated 
macrophages. Half a wound of each animal was 
homogenized in 2.0mL of 0.9% saline with 0.1% 
Triton X-100 (Promega). The homogenate was 
centrifuged at 3.000 rpm for 10 minutes at 4ºC, 
the supernatant (150 μL) was added to 150 μL of 
citrate/phosphate buffer. From this solution, 100 
μL were incubated to 100 μL of the substrate (p-
nitrophenyl-n-acetyl-β-D-glycosaminidase-
Sigma) diluted in citrato/ phosphate buffer, pH 
4.5, at 37ºC for 30 minutes. 0.2M glycine buffer 
(100 μL), pH 10.6 was added to the samples and 
standard curve and the reading was performed at 
a wavelength of 400nm (E max, Molecular 
devices, Sunnyvale, CA, USA). NAG activity was 
calculated from a standard p-nitrophenol curve. 
The results were expressed in nmol.mL-1 / mg of 
wet weight of the sample. 
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2.9 Quantification of Soluble Collagen 
      

The total soluble collagen in the samples was 
evaluated by a colorimetric assay, using the 
Picrosirius Red reaction [14]. Half of a wound 
was homogenized with 0.1% Triton X-100 PBS 
(30 seconds) and centrifuged at 6000g, for 10 
minutes at - 4ºC. The supernatant (50μL) was 
incubated with Picrosirius Red (50μL) for 30 
minutes at 25ºC. The complex formed was 
separated by centrifugation at 10,000g, at 10 and 
- 4ºC. Then the supernatant was discarded and 
the pellet washed with 500 µL of ethanol. 1 ml of 
alkaline reagent (0.5 M NaOH) was added to the 
pellet. The absorbance was quantified at 540 nm 
in a microplate reader (E max, Molecular 
devices, Sunnyvale, CA, USA). The results were 
compared based on a standard collagen curve 
and the results expressed in μg of collagen per 
mg of sample. 
 

2.10 Statistical Analysis 
   

The results are generated in mean and standard 
error. For all tests performed, the sample n was 8 
animals per group (n = 8). All numerical data 
were tested for normal distribution using the 
Kolmogorov-Smirnov test. Differences between 
groups were assessed with the One Way-
ANOVA (Instat GraphPad® Software) for the 
comparison of means of normally distributed 
parameters followed by Bonferroni post-test, 
comparing treated groups with the control.         
The results of the were statistically different when 
p <0.05. The Prism 5® program was used to 
perform statistics and plot the graphs. 
 

3. RESULTS 
 

3.1 rP21 Reduces Wound Closure Time 
 

Confirmation of purification of rP21 is shown in 
Fig. 1A and the effect of treatments on wound 
closure is shown in Fig. 1B. An improvement of 
wound closure can be noticed after 4 days of 
treatment of 50 µg rP21 which was nearly 2 
times higher than control.  The animals treated 
with 1 µg rP21 also optimized the wound closure. 
However, at this low concentration, a longer 
treatment period was required for effectiveness, 
since the wound closure for rP21 was greater 
(58%) than the control group only after 6 days of 
treatment. After seven days of treatment, the 
groups treated with rP21 at concentrations of 1 
µg and 50 µg showed wound closure area 36% 
and 38%, respectivelly, higher than the control 
group.  

This efficiency of wound closure caused by rP21 
can be observed also on macroscopic images 
shown in Fig. 1C. 

 
(A) Polyacrylamide gel demonstrating the 
presence of the rP21 protein as 21 kDa band. (B) 
Percentage of wound closure area and (C) 
Photographs of skin showing the                        
closure of wounds during the seven days of 
treatment in the control and the groups treated 
with the rP21 protein at concentrations                             
of 1μg and 50μg groups. The bars indicate the 
variation of the standard error (SEM) with n=8.  
*statistical difference compared with control 
p<0.05, ** p<0.01 and *** p< 0.001              
evaluated by One-Way ANOVA, Bonferroni post-
test. 

 
3.2 rP21 Promotes the Increase of Local 

Mast Cells and Modulates the Activity 
of Inflammatory Cells (Neutrophils 
and Macrophages) 

 
After 3 days of treatment with rP21 at both 
concentrations increased equally the number of 
mast cells at the wound site, being the quantity of 
the cells twice as high as in the control group 
(Fig. 2A). After a longer period of treatment, the 
number of mast cells remained significantly high 
(p<0.0001) in the groups treated with p21                       
while there was a reduction in the control               
group (Fig. 2A).     The photomicrographs 
showing the increased number of mast cells          
after    rP21   treatments   are displayed in      
Fig. 2 D. 
 
MPO evaluation showed that after 3 days of 
treatment rP21 increased neutrophil activity only 
at concentration of 50µg, which was 140% higher 
that control. In the same period, wounds treated 
with rP21 1µg showed a reduction in this activity 
(Fig. 2B). However, after 7 days, there was an 
increase of neutrophil activity on wound tissue of 
control group and both treatments decreased this 
activity similarly, being nearly 8 times lower than 
control (Fig. 2B). 

 
NAG activity, associated with macrophage 
activity, there was no statistical difference 
between the analised groups after 3 days of 
treatment. However, this activity has increased 
after 7 days of rP21 treatment with an increment 
of 72% and 126% for 1 µg and 50 µg 
concentrations, respectively, when compared 
with the control (Fig. 2 C). 

 



 
Fig. 1. Evaluation of wound closure after treatment

 

 
Fig. 2. Quantification of mast cells 
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Evaluation of wound closure after treatment 

Quantification of mast cells and NAG and MPO activity in wounds
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and NAG and MPO activity in wounds 



 
Fig. 3. Evaluation of angiogenic activity of treatment with rP21

 
Fig. 4. Collagen deposition in the wound area
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3. Evaluation of angiogenic activity of treatment with rP21 
 

Collagen deposition in the wound area 
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(A) Graphical representation of the number of 
mast cells (B) Myeloperoxidase enzyme activity 
(an indirect method to assess neutrophil activity) 
and (C) N-acetyl-β-D-glycosaminidase activity 
(an indirect method to assess macrophage 
activity) in the skin wound area of rats         
treated as control or the rP21 protein at 
concentrations of 1μg and 50μg. The bars 
indicate the variation of the standard error (SEM) 
with n=8. (D) Photomicrographs of histological 
sections of the wound area stained with Toluidine 
Blue. The arrows indicate the location of mast 
cells. * represents the statistical difference 
p<0.05, ** p<0.01, *** p<0.001 and *** p<0.0001 
evaluated by One-Way ANOVA, Bonferroni post-
test. 
 

3.3 rP21 Shows Pro-angiogenic Activity 
in a Wound Model After 3 Days of 
Treatment 

 

Fig. 3 shows the amount of blood vessels and 
hemoglobin in wounds after rP21 treatment. In 
both evaluated concentrations, 1 µg and 50 µg, 
wounds treated with rP21 showed an increase in 
the number of blood vessels (Fig. 3A). This 
increase was 202% and 182%, respectively. At 
longer period of 7 days, there was no difference 
on blood vessels content between treated groups 
(Fig. 3a). These data can be observed on figures 
of slides stained with Gomori Trichrome exhibited 
in Fig. 3C.  Additionally, the hemoglobin content 
on wounds was also affected by rP21. At 
concentration of 50µg, the quantity of 
hemoglobins was double higher than the 
control’s after 3 days of treatment. However, 
after 7 days, treatments at both concentrations 
did not show a different amount of hemoglobin 
than the control group (Fig. 3B). 
 

Graphical representation of the number of blood 
vessels (A) and the measurement of hemoglobin 
content (B) in the skin wound area of rats treated 
as control or the rP21 protein at concentrations 
of 1μg and 50μg. The bars indicate the variation 
of the standard error (SEM) with n=8. (C) 
photomicrographs of histological wound slides 
stained with Gomori's Tricomic. Blood vessels 
are indicated by the yellow arrows. * represents 
the statistical difference considering p<0.05, *** 
<0.001 and *** <0.0001 evaluated by One-Way 
ANOVA, Bonferroni post-test. 
 

3.4 rP21 Presented Pro-fibrogenic 
Activity in Skin Wounds 

 

Wound treated with rP21 at both concentrations 
caused an increase in the soluble collagen which 

was nearly 100% higher than control after 3 days 
of treatment. At longer period, this increase was 
found only in group treated with 1 µg of rP21 
(Fig. 4A). Regarding specifically type I and III, 
they were 135% elevated after 3 days in wounds 
of the 1µg rP21 treated group. After 7 days of 
treatment, type I collagen increased 97% and 
50% in groups treated with 1 µg and 50 µg, 
respectively. In the same period, was noticed a 
higher increment of collagen III, being of 117% 
and 120% for the treatments of 1 µg and 50 µg, 
rescpectively (Fig. 4 B, C and D). 

 
Graphical representation of the quantification of 
soluble collagen by the biochemical Picrosirius 
Red method (A); the analysis of type I (B) and 
Type III collagen (C) by OD- optical density in 
skin wounds of the control and treated with rP21 
at concentrations of 1µg and 50µg. The bars 
indicate the variation of the standard error (SEM) 
with n=8. (D) Photomicrographs of slides stained 
with Picrosirius Red evaluated with polarization 
filter. Type I collagen is represented in red and 
type III collagen is green, the overlapping is 
yellow/orange. * represents the statistical 
difference considering p<0.05, ** p<0.01, *** 
<0.001 and *** <0.0001 evaluated by One-Way 
ANOVA, Bonferroni post-test. 
 
4. DISCUSSION 
 
The treatments with rP21 protein has shown to 
be capable of modulating different parameters of 
tissue repair, leading to a consequent reduction 
in the time of wound closure, decreasing the risk 
of the exposure to infectious agents and 
chronification process of lesions [5]. This is the 
first study to evaluate the activity of rP21 and to 
show its effectiveness in an experimental model 
of wound repair.  
 
The inflammatory response observed at the 
beginning of the repair process is important to 
eliminate invading pathogens, cellular debris and 
reestablish tissue dual homeostasis that initiates 
the subsequent stages of healing (proliferative 
and remodeling phases) [15]. Neutrophils are the 
first cells to reach the inflammatory site and, 
therefore, create the frontline of defense against 
infections since they phagocyte bacterias and 
eliminate part of the tissue components that were 
damaged during the injury [16]. 48-72 hours after 
the beginning of the response, the inflammatory 
site is predominantly populated by macrophages. 
Once in tissues, these cells continue the 
inflammatory response and orchestrate the 
subsequent repair [17].  
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Treatment with rP21 at a concentration of 50 µg 
was able to increase the content of  
macrophages near the wound area in 7 days of 
tratment. It has been demonstrated that rP21 is 
able to bind with the chemokine receptor 
CXCR4, with activation of the PI3-kinase 
pathway and consequent polymerization of the 
actin cytoskeleton, increasing cell migration and 
phagocytosis by this type of cell [18]. This activity 
of P21 can explain the increase of machophages 
in this investigation. The ability of rP21 to 
increase local macrophages was also observed 
in a model of chronic inflammation using a 
subcutaneous sponge implant [6]. 

 
The reduced activity of neutrophils after the 
treatment with rP21 may be associated with a 
greater phagocytosis of these cells by 
macrophages recruited to the inflammatory site. 
In contrast, the phagocytosis of neutrophils      
and tissue debris is responsible for triggering 
phenotypical changes essential for the    
transition between classically activated 
macrophages (M1) to alternatively activated 
macrophages (M2) [19], a phenomenon 
necessary for the resolution of the inflammatory 
process, since M2 macrophages are the       
main source of anti-inflammatory mediators 
involved in repair [19]. 

 
Mast cells present a fundamental role in       
tissue repair. Mast cells are up to 8% of the 
dermis cell population and represent an 
important source of mediators, released directly 
into the extracellular environment or stored in its 
granules [20]. Treatment with rP21 during 3 or 7 
days caused an increase in the number of mast 
cells. Such result can be due to the ability of 
rP21 to induce the production of cytokine IL-4. 
This activity of rP21 is already recognized and is 
closely associated with maturation, survival, 
proliferation and migration of mast cell [5,21] The 
mediators produced by mast cells are involved in 
a series of processes associated with the 
different phases of the repair process, acting 
from the recruitment of inflammatory cells, the 
promotion of angiogenesis and in the 
synthesis/deposition of a new extracellular   
matrix [20]. 

 
In addition to the effects on the inflammatory 
response, treatment with rP21 was able to 
induce the synthesis of soluble collagen and     
the deposition of type I and type III collagen 
fibers. The formation of a new extracellular 
matrix is an important step in the tissue repair 
process, providing a structural support for the 

migration of new cells [22]. The increased 
deposition of extracellular matrix after treatment 
with rP21 has been demonstrated in other 
experimental models and is associated with the 
migration and proliferation of fibroblasts next to 
the wound area [5]. These cells also have 
receptors of the CXCR4 family, which rP21 has 
the ability to bind, indicating a possible 
mechanism of action [23]. In addition, the 
increased recruitment of fibroblasts and the 
activation of collagen synthesis can be explained 
by the cytokine profile, such as IL-4 and TGF-β1, 
also observed in other models, whose secretion 
was incited after treatment with rP21. Such 
cytokines are related to differentiation, migration, 
proliferation and collagen synthesis by fibroblasts 
and their conversion into myofibroblasts, 
assisting in wound contraction [24–27]. 
Concomitant with collagen synthesis, in the 
healing tissue there is the proliferation of 
endothelial cells in a process to produce new 
blood vessels, known as angiogenesis [28]. In 
this study, we observed that rP21 increased 
some parameters related to angiogenesis, such 
as hemoglobin content and the number of blood 
vessels, after 3 days of treatment [29]. The newly 
formed vessels play a critical role during the 
wound healing process, allowing leukocyte 
migration, providing the oxygen and nutrients 
transport into the wound and the secretion         
of biologically active substances [30]. Guedes-
da-Silva and cols. (2015) show that during the 
formation of fibrovascular tissue induced by 
sponge implants, the intraimplantation of T. cruzi 
total antigens increased the formation of new 
blood vessels which was associated with the 
release of the VEGF [31]. Moreover, data from in 
vitro studies of murine endothelial highlight the 
modulatory activity of rP21 due to the           
direct interaction of this protein with the CXCR4 
receptor, causing changes in the       
cytoskeleton and in the expression of profile 
genes associated to angiogenesis [32].  

 
5. CONCLUSION 
        
rP21 in skin wound model was able to     
modulate the activity of neutrophils and 
macrophages during the inflammatory process. 
In this model, rP21 had a pro-angiogenic effect 
and, in addition, promoted an increase in mast 
cells that may be involved in the pro-fibrogenic 
action. These factors may have a great 
contribution to reduce the time of wound 
contraction. Thus, we purppose that rP21 can be 
considered a promising therapy for the repair of 
skin wounds. 
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