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Introduction

Duchenne Muscular Dystrophy (DMD) is a genetic disorder lethal by mutations in the 
X chromosome that results in alterations of dystrophin, cytoskeletal protein fundamental for 
the functional muscular function [1-3]. It is known that almost 95% of patients with Duchenne 
Muscular Dystrophy (DMD) have severe cardiomyopathies at around 20 years of age [4,5].

The cardiac involvement of DMD can be evidenced by abnormalities in the electrocardiogram 
[6], abnormal movement of the left ventricle [7] walls in fibrotic areas, which can lead to cardiac 
failure [8,9], but the molecular mechanism of vulnerability resulting from the characteristic lack of 
dystrophin in DMD is not yet fully elucidated.

The altered flow of calcium ions through the membrane of the weakened muscle fiber increases 
its intracellular level, increasing the production of Reactive Oxygen Species (ROS). This consequently 
generates oxidative stress responsible for the oxidation of various contractile proteins, causing 
inflammatory processes and fibrosis [10]. Fibrosis occurs by the proliferation and replacement of 
collagen fibers throughout the injured muscle [11].The fibers enter a repeated cycle of degeneration 
and regeneration, which involves inflammatory responses and deposition of type I (CFI) and type 
III (CFIII) collagen fibers in the extracellular matrix, which causes excessive interstitial collagen 
deposition characteristic of DMD [12].
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Abstract

Duchenne Muscular Dystrophy inducing fibrosis, oxidative stress and muscle necrosis. In the heart, DMD 
can lead to cardiac failure and death. 

Objective: This study evaluated the expression of cyclooxygenase-2 (COX-2) and ventricular histological 
aspects of Dystrophic mice, as well as the effects of Ascorbic acid (AA) on these parameters. 

Materials and methods: 60 mice, 30 C57BL/10and 30 C57BL10-Dmdmdx, were distributed into 
six groups according to their age and treatment (n=10/group): control groups at 30 and 60 days (C30 and 
C60); Dystrophic animals at 30 and 60 days (D30 and D60); and controls and Dystrophic animals at 60days 
supplemented with AA (CS60 and DS60). After the trial period, the animals were euthanized and their hearts 
were collected. Samples were subjected to Masson’s Trichrome, Picrosirius Red under polarized light and COX-2 
Immunohistochemistrytechniques. 

Results: The results showed an increase of collagen fibers in the D30 group andreduction in the area 
occupied by cardiomyocytes in D60. COX-2 expression washigher in the C30, D30 and D60 groups, indicating 
a probable cellular remodelingprocess in C30 and increased oxidative stress leading to fibrosis in dystrophic 
animals.

Conclusion: AA supplementation prevented muscle loss in DS60 compared to D60, as well as a decrease 
of fibrosis and the expression of COX-2 in DS60, proving the protective action of AA in the hearts of these 
animals.
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It is known that some prostaglandins are involved in modulating 
the inflammatory process and myogenesis [13], steps related to 
degenerative and fibrotic development ofcardiac tissue in DMD. The 
synthesis of these prostaglandins is catalyzed by different isoforms 
of Cyclooxygenase (COX) andcyclooxygenase-2 (COX-2) is able to 
regulate the initial stages of growth of themyofibers during muscle 
regeneration [14]. However, COX-2 is also produced in response to 
cellular stress, such as the presence of inflammation [15].

To minimize the effects of oxidative stress generated by ROS on 
different tissues, studies have been conducted using antioxidants 
in order to reduce concentrations of ROS [10,11]. Among these 
antioxidants is ascorbic acid (AA), that has a fundamental role 
in preventing oxidation and the action of ROS, such as damage to 
biological membranes and DNA. 

AA can act in two ways in the cell: in the cytosol, acting as a 
primary antioxidant, fighting ROS; and indirectly by acting on the 
plasma membrane by reducing alpha-tocopheryl into alphatocopherol 
radicals [16]. AA is a readily available substance and use in the human 
diet, a fact that has also motivated its use in this study.

Thus, this study aimed to evaluate the collagen deposition and 
the immunoexpression of COX-2 in the myocardium of mxd mice, as 
well as the effects of treatment with ascorbic acid in these parameters.

In this study the mdx mouse was used to analyze the effects of 
DMD [17,18] and the action in the treatment with AA in the heart, 
once, that studies have shown that the ventricular cardiomyocytes 
of this animal model show an increase [19], and replacement of the 
cardiac muscle by connective tissue, as well as necrotic and apoptotic 
cells [9].

Material and Methods
Materials

All procedures in this study followed the principles adopted by 
the Brazilian College of Animal Experimentation (COBEA) and were 
approved by the Commission of Experimentation and Animal Use 
(CEUA) of the Institute of Biomedical Sciences, University of São 
Paulo (Nº. 164/2011 by the CEUA/ICB/USP) and by the CEUA of the 
Federal University of Rio Grande do Norte (Nº.055/2013).

60 male mice with an initial age of 30 days were used in this study, 
along with 30controls (C57BL10) and 30 mdx mice (C57BL/10-
Dmdmdx).

Mice remained isolated in polypropylene cages(five animals per 
cage) equipped with water dispenser and feeder, kept in controlled 
conditions of temperature (24 ± 2°C) and lighting (12 hours light/12 
hours dark cycle),receiving food and water ad libitum.

The animals were randomly divided into six groups according to 
the age they would beat the end of the experiment (n=5): control group 
at 30 days of age (C30); dystrophic at 30 days of age (D30); control at 
60 days of age (C60); dystrophic at 60days of age (D60); control at 60 
days of age supplemented with AA (CS60); and dystrophic at 60 days 
of age supplemented with AA (DS60).

Experimental treatment

CS60 and DS60 animals were directly supplemented by gavage 
with AA diluted in 1mLof water, at the dosage of 200 mg/kg body 
weight [20] for 30 days.

Animal euthanasia, collection and heart fixation: At the end of the 
experimental period, the animals were weighed and subsequently 
euthanized in a carbon dioxide chamber (CO²) at the Biotherium 
of the AnatomyDepartment - ICB/USP. The animals were 
thoracotomized and the obtained hearts were washed in PBS (0.1M, 
pH 7.4) to eliminate blood and then immediately fixated.

Heart histological preparation: The ventricles were separated from the 
atria and later they were sectioned transversely into two parts and 
fixated in Bouin solution and in 10% buffered formalin. After 48 hours 
the ventricles were processed according to histological procedures, 
and embedded in paraffin. Slides with 6 μm thick cross-section were 
stained by Masson’s Trichrome and Picrosirius Red histological 
techniques, and slides with 3μm thick sections were immunoblotted 
by COX-2 immunohistochemistry technique.

COX-2 immunohistochemistry

After removing the paraffin with xylene, the slides were rehydrated 
in absolute alcohol and pretreated for antigen retrieval with citrate 
buffer (0.01M citric acid, pH 6) in a microwave oven for three cycles 
of five minutes each. Samples were pre-incubated with solution of 
0.3% hydrogen peroxide in PBS (0.1M, pH 7.4) for five minutes to 
inactivate endogenous peroxidases, and were subsequently blocked 
with BSA (Sigma,SigmaAldrich, St. Louis, USA) in PBS solution for 
30 minutes. Then they were incubated overnight with anti-COX-2 
antibody (policlonal, sc-1747, Santa CruzBiotechnology, California, 
USA) in a dark humidified chamber under refrigeration.

The slides were washed with PBS and incubated with biotinylated 
secondary antibody(IgG policlonalanti-rabbit, HRP Detection, 
Biocare, California, USA) for one hour. The material was washed 
with PBS, treated with streptoavidin-peroxidase (TrekAvidin-RP 
Label, Biocare, California, USA) for 45 minutes, developed in a 0.05% 
solution of DAB (diaminobenzidine 3-3) (Betazoid DAB), counter-
stained with Harris hematoxylin (Easy Path) through dehydration 
phases in absolute alcohol and xylene, and finally the slides were 
mounted with Entellan.

Obtaining images: For capturing images, a Moticam 5 video camera 
(Motic China GroupCo., Shanghai,China) coupled with a trinocular 
BA410 light microscope (Motic China GroupCo.,Shanghai, China) 
at 40x were used. Image analysis was performed using the Image-Pro 
Plus software version 4.5.0.29(Media Cybernetics, Silver Spring, MD, 
USA).

The field area provided by the microscope at 40x objective was 
0.165 mm². Images captured in 20 microscopic fields, per animal, per 
technique were analyzed, thus totaling an area of 3.3 mm².

Histopathological analysis

Masson’s Trichrome stain: areas (μm²) occupied by heart muscle 
(stained in red) and Total Collagen Fibers (TCF) (stained in blue) 
were measured.
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Picrosirius Red stain: under polarized were typified using the 
light:

- 	 Type I collagen fibers (CFI): mature collagen stained in red, 
orange or yellow; 

- 	 Type IIIcollagen fibers (CFIII): immature collagen stained in 
green. 

The area occupied by collagen fibers was determined in μm².

Analysis of COX-2 immunoexpression

According to the Soumaoro’s et al. score (2006) [21], the intensity 
and extent ofimmunostaining were evaluated in order to analyze 
COX-2 immunoexpression. Forclassifying intensity, the cross-
classification system was used, where 0 (negative); + = 1(weak); ++ = 
2 (moderate); and +++ = 3 (strong).

The staining extent was rated as 0 (0%), 1 (1-25%), 2 (26-50%), 
3 (51-75%) and 4 (76-100%), according to the percentage of the 
positive areas of immunostaining in relation to the sampling area (20 
microscopic fields). The sum of the intensity ofimmunostaining with 
its extension (percentage of fields with staining shown) was used as 
the final immunostaining score (0-7) for COX-2. Positive results were 
considered >3.

Statistical analysis

The data were statistically analyzed by GraphPad Prism 5.1 
software and expressed as mean ± standard deviation. One way 
ANOVA followed by multiple comparisons by Tukey method were 
used.

P values<0.05 were considered statistically significant.

Results
The results and discussion concerning the body weight of the 

animals were previously published by our research group [22].

The areas (μm²) occupied by cardiac muscle and collagen tissue in 
the different groups are shown in Figure 1A.

Using the Masson’s Trichrome technique (Figures 1B-G), an 
increase of 5.65% in the area occupied bycardiac muscle was observed 
in animals of the C60 group compared to C30 (p>0.05), and a 28.6% 
increase in CS60 when compared to C60 (p<0.001). A reduction of 
18.71% in the D60 group compared to D30 (p<0.01), and an increase 
of 30.39% for DS60 in relation to D60 (p<0.001) 

By comparing the areas occupied by cardiac muscle between the 
dystrophic animals and their controls within the same age range and 
treatment, an increase of 12.32% in D30compared to C30 (p<0.01) 
was observed. In the D60 group, this parameter was 12.53% lower 
than in the C60 (p<0.01), and DS60 was 10.28% lower than CS60 
(p<0.01).

The area occupied by collagen in the C60 group was 42.41% greater 
than in C30 (p<0.001) and 44.41% greater than in CS60 (p<0.001). In 
D30and D60, the areas were similar. However, there was a reduction 
of 14.33% in the DS60 group compared to D60 (p<0.05).

Also, in relation to collagen we observed: an increase of 34.26% 
of area in D30 in comparison to C30 (p<0.001); 11.72% reduction in 

D60 in relation to C60 (p<0.05); and the area was 26.48% greater in 
DS60 than its control (CS60) (p<0.001).

The classification of collagen fibers (myocardial area occupied by 
CFI and CFIII) of each group is shown in Figure 2A-G.

The area occupied by CFI (mature collagen) in C60 was 
28.57%greater than in C30 (p<0.001). This area was 26.18% lower 
in the CS60 group when compared to C60 (p<0.001). In dystrophic 
groups, there was an increase of 24.95% in D60 in comparison to D30, 
and a 72.67% reduction in DS60 in relation to D60 (p<0.001).

The area occupied by CFI was 40.74% greater in D30 than C30 
(p<0.001), 37.74% greater in D60 in relation to C60 (p<0.001) and 
40.53% lower inDS60 in comparison to CS60 (p<0.001).

The analysis of the area occupied by CFIII (immature collagen) 
showed a 55.62% reduction in C60 group when compared to C30 
(p<0.001), and of35.43% in CS60 in relation to C60 (p<0.001) (Figures 
2B-F). In dystrophy groups, a 30.5% reduction in D60 compared to 
D30 (p<0.001), and 86.07% in DS60 in relation to D60 (p<0.001) were 
observed.

When comparing dystrophic and its control animals we found: 
14.58% reduction in theamount of CFII in D30 in relation to C30 
(p<0.001); an increase of25.23% in D60 in relation to C60 (p<0.001); 
and a 71.15% reduction in DS60 incomparison to CS60 (p<0.001).

Figure 1A: Morphological parameters:  Cardiac muscle and total collagen 
area (µm2). Results were expressed as mean ± standard error. Mean values 
followed for different letters are statistically different (p< 0.05) (n=5 mice per 
group). B-G. Representative light micrographs of transversal 6-µm sections 
from heart stained with Masson’s Trichrome from C30 (B), D30 (C), C60 
(D), D60 (E), CS60 (F) and DS60 (G) groups. Cardiac muscle is in red and 
collagen fibers in blue. 40x objective. Scale bar: 100 µm.
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Results referring to COX-2 immunostaining in the cardiac tissue are 
shown in Figure 3A-G.

The expression of COX-2 was higher than 3.0 in C30, D30 and 
D60 groups; therefore, positive according Soumaoro’s et al. [21] 
score.

The expression of COX-2 enzyme was 29.54% higher in D30 
animals in relation to C30 (p<0.001), and in D60 it was 63.63% 
greater than in C60 (p<0.001). Animals fromCS60 group had a 25.0% 
increase in relation to DS60 (p>0.05).

The correlation between the area occupied by CFI and the COX-
2 immunoexpression was not statistically significant in the groups 
studied (Figure 4A-F).

Figure 3:  A.  Analyses of the COX-2 immunoexpression by Soumaoro’s et 
al. score (2006). Results were expressed as mean ± standard error. Mean 
values followed for different letters are statistically different (p< 0.05) (n=5 
mice per group). B-G: Representative light micrographs of transversal 3-µm 
sections from heart stained with COX-2 immunohistochemistry in C30 (B), 
D30 (C), C60 (D), D60 (E), CS60 (F) and DS60 (G) groups. 40x objective. 
Scale bar: 100 µm.

Figure 5: The correlation between the area occupied by type 
III collagen fibers and COX-2 immunoexpression in the 
myocardium of the animals of groups C30 (A), D30 (B), C60 
(C), D60 (D), CS60 (E) and DS60 (F). r = Person coefficient; p = 
significance level, *= p<0.05. (n = 5).

Figure 4: The correlation between the area occupied by type I collagen 
fibers and COX-2 immunoexpression in the myocardium of the animals of 
groups C30 (A), D30 (B), C60 (C), D60 (D), CS60 (E) and DS60 (F). r = 
Person coefficient; p = significance level; * = p<0.05. (n = 5).

Figure 2: A. Type I and III collagen fibers area (µm2). Results were 
expressed as mean ± standard error. Mean values followed for different 
letters are statistically different (p< 0.05) (n=5 mice per group). B-G. 
Representative light micrographs of transversal 6-µm sections from heart 
stained with Picrosirius red under polarized light from C30 (B), D30 (C), 
C60 (D), D60 (E), CS60 (F) and DS60 (G) groups. Type I collagen fibers 
are in red, orange and yellow and type III collagen fibers are in green. 40x 
objective. Scale bar: 100 µm.
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However, when the area occupied by CFIII and the COX-
2 immunoexpression were analyzed, a positive correlation was 
observed in the D30 group and negative in the D60 and DS60 groups 
(p <0.05) (Figure 5B, D and F).

Discussion
Signals of changes was observed in D30 group, such as increased 

muscle area. According to Nakamura et al. [23], this is a possible 
indication of cardiachypertrophy in response to peripheral overload. 
This is followed by an onset of muscle loss, as observed in D60 animals. 
In a study previously conducted by Sciorati et al. [24], dystrophic 
animals showed decreased cardiomyocyte numbers in comparison 
to control animals and dystrophic animals treated with anti-
inflammatories, as well as enlargement of cardiomyocytes, presence 
of fibrotic areas and inflammatory infiltrates [24]. The progressive 
cardiac muscle weakening causes dilated cardiomyopathy, which 
along with respiratory dysfunction [25] are among the main causes of 
mortality in DMD patients. Increasing muscle area in mice from D30 
group was accompanied by an increase intotal collagen fibers; this 
association indicates a possible fibrotic lesion process. In D60animals, 
reduced muscle area was also accompanied by an increase of collagen 
fibers.

In DMD, fibrosis intensifies with age leading to loss of 
cardiomyocytes [26], corroborating the significant decrease in areas 
occupied by cardiac muscle tissue observed in dystrophic animals at 
60 days of age (D60).

Some researchers believe that fibrosis occurs from replacing 
in replacement of injured muscle tissue [26,27]. However, others 
suggest that there is initially a swelling of the extracellular matrix 
and a subsequent increase of collagen fibers, leading to death of 
the muscle fiber [28]. In both cases, the increase of collagen is 
associated to muscle damage in dystrophic animals. The results of 
this study indicate that dystrophic animals at 30days of age (D30) 
had increased collagen in relation to their control (C30). However, 
the area occupied by cardiomyocytes remained greater than in 
control animals. On the other hand, in animals at 60 days without 
supplementation, the collagen fibers decreased in D60 compared to 
C60, which would agree with Duance et al. [28], having initially found 
an increase of collagen fibers (as observed in animals D30),following 
muscle injury. However, in animals at 60 days of age supplemented 
with AA, there was a reduction in the area occupied by collagen fibers 
in DS60 and CS60,showing the protective effect of supplementation 
in this parameter.

Regarding the types of collagen fibers analyzed, CFI increased 
in untreated dystrophic groups (D30 and D60) in relation to their 
respective controls (C30 and C60) and supplemented groups (CS60 
and DS60). As for CFIII, there was a reduction of the area occupied 
by the fibers in D60 in relation to D30 group. However, a significant 
decrease occurred in both analyzes in the areas occupied by CFI and 
CFIII types in supplemented animals compared to those who did not 
receive AA. The animals of groups D30 and D60 presented significant 
differences, as indicated in Figure 1, among some parameters 
analyzed. There was a significant reduction in the area occupied by 
cardiac muscle of D30 in relation to D60. However, this reduction 
is expected during the natural evolution of DMD, when the injured 
tissue is replaced by collagen fibers [26]. The total area occupied by 

collagen showed no significant difference between these groups (D30 
and D60). However, there were significant differences regarding the 
type of collagen presented: while D30 presented a larger area of CFIII, 
the D60 group obtained a higher average of CFI. These results are in 
agreement with what is expected in the context of DMD, since the 
younger dystrophic animals present more CFIII, characteristic of the 
beginning of the inflammatory process, whereas the older dystrophic 
animals have more CFI, which are present in the maturation process, 
characteristic of a late phase of tissue remodeling.

Duance et al. [28] reported that the deposition of CFIII is related 
to tissue response to injury, but that it decreases at more advanced 
stages of the disease as musclefibers are replaced by fat tissue, and that 
CFIII are replaced by CFI.

The fibrosis that occurs after tissue injury occurs in phases: 
inflammation, proliferation and maturation. Initially there is an 
increase in the number of fibroblasts that produce and deposit large 
amount of CFIII. Throughout the process, the maturation occurs 
with remodeling and finally CFIII are replaced by CFI [29].

The data referring to CFI in D60 group confirms the fibrotic 
course of DMD, since there is increased deposition of such fibers 
in this group, resulting from an already established scarring process 
associated with decreased CFIII, the same as observed in the natural 
process of fibrosis. De Oliveira et al. [30] claim that mdx mice have 
higheramounts of CFI in the gastrocnemius muscle in comparison to 
normal mice, suggesting muscle fibrosis.

Increased collagen deposition in cardiac muscle tissue may affect 
it in different ways, from increasing the distance between cells and 
vessels, thickening muscle bundles, interfering in the transmission 
of mechanical tension between bundles and even hindering lateral 
transmission of contractile impulses. Furthermore, fibrosis reduces 
the compliance of vessels and hampers diastolic filling, which is 
predisposed to thedevelopment of cardiac failure [4,31].

In animals supplemented with AA, the total area occupied by 
collagen fibers decreased significantly (p<0.05) in DS60 in comparison 
to D60, indicating the influence of AA on this parameter. The 
incidences of CFI and CFIII were lower (p<0.05) in DS60compared 
to their controls. These results show the potential protective and 
preventive action of AA in relation to DMD injuries, the consequent 
fibrosis and the damage associated with it.

Previous studies indicate that fibrosis is associated with loss of 
muscle function representing the most significant parameter related 
to poor motor prognosis in DMD [32,33], increasing the importance 
of the results obtained in this study regarding AA supplementation.

COX-2 is produced in response to cellular stress stimuli, such 
as the presence of inflammatory processes, growth factors or 
tumor factors. De Oliveira et al. [30] also detected a higher COX-
2immunoexpression in fibrotic areas of gastrocnemius muscle in 
mdx mice in comparison to control animals.

In the 30 day groups (C30 and D30), the expression of COX-
2 was positive, indicating tissue growth, according to Aleakis et al. 
[13] and Sharmaet al. [14]. However, the expression of COX-2 was 
even greater in dystrophic animals, also suggesting thepresence of 
an inflammatory process, probably due to increased oxidative stress. 
In the D60 group, increased COX-2 expression was accompanied 
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by decreased area occupied by the myocardium, which in this case 
indicates oxidative stress, as well as changes in collagen indicating 
fibrosis [28,34]. Oxidative stress and fibrosis resulting from the initial 
inflammation process [10,30], as observed in D30 animals, affected 
cardiac muscle tissue promoting its reduction in D60 [24,26].

ROS play a key role in the course of DMD, leading to the oxidation 
of several proteins, and culminating in myocardial injury that with 
disease progression results in cardiac dysfunction [11]. According to 
Jung et al. [35], there is an increased ROS production in mdx animals, 
which contributes to cardiac dysfunction [34,36]. For this reason, 
treatments with antioxidant agents are important in order to prevent 
the development of cardiac failureand increase life expectancy [34].

In CS60 and DS60 animals, the immunoexpression of COX-2 was 
reduced in relation to their respective C60 and D60 controls, probably 
due to the antioxidant action of AA. Some substances have been 
analyzed in the pursuit of improving the quality and life expectancy 
of DMD patients. Among these are: immunosuppressants that in mdx 
mice promote reduction of cardiac fibrosis, of the systolic ejection 
fraction and ventricular mass [37]; and steroids, which reduce the 
number of deaths due to heart problems among DMD patients [38]. 
In addition to these, antioxidants which act by reducing free radical 
levels and oxidative stress [39], and therefore reduce damage caused 
by the muscle tissue of dystrophic animals have been widely studied 
[20,40].

Improvements in cardiac morphology and function in dystrophic 
patients have beenreported with the use of N-acetylcysteine [11], 
quercetin [10], and green tea [41], among others.

AA is one of the most abundant antioxidants in nature and 
it has shown beneficial effects in studies related to cancer [42], in 
addition to acting on reducing the damage caused by oxidative 
stress in the diaphragm muscle of mdx mice [20]. In addition to the 
antioxidant function, AA has been used in cell cultures designed to 
develop functional cardiomyocytes. So far, the results indicate that 
AA acts directly to induce transdifferentiation of fibroblasts into 
cardiomyocytes, and therefore plays a vital role in human heart 
reprogramming [43].

Cardiac damage induced during embryonic development 
decreased with maternal AA supplementation [26]. Wannamethee et 
al. [44] observed that high AA blood concentrations decrease rates of 
cardiac failures and heart attack in senile men.

The results of this study indicate that there was an increase of 
the area occupied by collagen fibers in the heart of mice in the D30 
group, followed by reduction of the area occupied by cardiomyocytes 
in D60, whereas supplementation with AA prevented muscle loss 
and collagen deposition in DS60 in animals. CFI occupied a larger 
area in the heart of D30 and D60 animals. However, DS60 group 
showed a decrease of these fibers in comparison to the other groups. 
In dystrophic animals, CFIII were more frequent in comparison to 
control animals only in D60, with a significant reduction of these 
fibers in the animals from group DS60.

Analyzes of the area occupied by CFI and CFIII and of COX-
2 immunoexpression means that the C30 group had normal tissue 
development. However, in group D30 the increase of CFI indicates 
the onset of cardiac fibrosis and is associated with an attempt of tissue 
remodeling stimulated by the local inflammation process with the 

increased production of immature collagen and the results showed 
that the changes did not occur on the mdx model as early as the first 
month of life. In D60, the concordance between the expression of 
COX-2 and CFIII and the increased of total collagen area, indicate the 
reduction mechanism of the cardiac fibrosis, suggesting replacement 
of cardiac tissue by mature collagen fibers. On the other hand, 
treatment with AA reversed muscle loss and reduction of ROS and 
COX-2 immunoexpression, suggesting that the inflammation is 
related to the progression of ROS, and that antioxidant treatments 
may contribute to the improvement of the quality of life of DMD 
patients.

Limitations
Mice of the mdx lineage develop a muscular atrophy similar to 

DMD. However, although they represent a good model to evaluate 
the repercussions of this disease, they present some phenotypic 
differences in relation to the symptoms, which are milder in the 
animals. Moreover, in mice, the disease goes into remission as the 
animals age, limiting the study time of the animals. 

In addition, mdx is an animal that has a higher cost and is more 
difficult to obtain, which also limited the sample size used in this 
study.

Conclusion
We found that cardiac fibrosis in mdx mice with 30 and 60 days 

was correlated with increased oxidative stress and the AA acts by 
reducing the availability of ROS and thus reduces the occurrence of 
heart lesions in mdx mice. Improved quality of life of patients with 
DMD depends on both the improvement of skeletal performance as 
well as the development of therapies that delay disease progression 
and prolong cardiac functions. However, the exact molecular 
mechanism that culminates in cell vulnerability in DMD is still not 
fully elucidated. Thus, further studies are needed to clarify how this 
mechanism occurs and also to establish the optimal dosage of AA to 
be administered in humans.
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