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A B S T R A C T  
Background: The draft horses used for pulling vehicles, particularly in urban areas, are 
subjected to a way of life completely unfamiliar to their nature. Therefore, they are 
required to adapt to diverse environments, feeds, and activities, often inadequate to 
their anatomy and physiology.Objective: The aim of this study was to use histological 
images of draft horses’ heart fragments to perform a metric analysis of the structural 
elements present in the cardiac muscle, using six hearts of draft horses of different ages, 
four males and two females, of undefined weight and breed that died without showing 
any heart conditions. The hearts were collected during necropsy. The structural 
components of the cardiac muscle,cardiomyocytes and type of collagen fibers, were 
studied using a light microscope.The collected fragments were fixed
in a 10% formaldehyde solution followed by 70% hydrated alcohol, cleaved 
perpendicularly to the muscle fibers and treated according t
techniques.Collagen fibers were differentiated using the Picrosirius red staining 
associated with the polarized light microscope.Results: The 
predominant types of collagen fibers were determined in the his
random fields of heart fragments of the left ventricle, septum,
Cardiomyocytes make up90.37%+1.34, 88.40%+1.51, and 87.64%+1.37 of the left 
ventricle, septum, and right ventricle, respectively. The differentiation o
fibers revealed the predominance of type I collagen fibers in the regions of the right 
ventricle, septum and left ventricle, with values1.3%+0.13, 1.24%+0.11 and 
1.43%+0.11, respectively. On the other hand,type III collagen fibers 
constituted0.57%+0.1 and 0.61%+0.06 of the left and right ventricles, respectively, 
and0.72%+0.09 of the septum. In conclusion, the results show the predominance of 
cardiomyocytes in the left ventricle; type I collagen was more prevalent; the thicker the 
left ventricle, the higher the density of type III collagen.Conclusion: 
the predominance of cardiomyocytes in the entire the heart muscle, especially in the left 
ventricle. As for the collagen fibers, type I was predominant, showing a cardiac 
remodeling process since this fiber is present in the cardiac muscle of older individuals. 
The thicker the left ventricle, the higher the density of type III collagen, indicating that 
the remodeling was still in process since this is an immature fiber.
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subjected to a way of life completely unfamiliar to their nature. Therefore, they are 

and activities, often inadequate to 
The aim of this study was to use histological 

images of draft horses’ heart fragments to perform a metric analysis of the structural 
six hearts of draft horses of different ages, 

and two females, of undefined weight and breed that died without showing 
during necropsy. The structural 

and type of collagen fibers, were 
were fixed for about 48 hours 

in a 10% formaldehyde solution followed by 70% hydrated alcohol, cleaved 
perpendicularly to the muscle fibers and treated according to histological conventional 
techniques.Collagen fibers were differentiated using the Picrosirius red staining 

The cardiomyocytes and the 
in the histological images of 
septum, and right ventricle. 

Cardiomyocytes make up90.37%+1.34, 88.40%+1.51, and 87.64%+1.37 of the left 
and right ventricle, respectively. The differentiation of collagen 

fibers revealed the predominance of type I collagen fibers in the regions of the right 
ventricle, septum and left ventricle, with values1.3%+0.13, 1.24%+0.11 and 
1.43%+0.11, respectively. On the other hand,type III collagen fibers 

7%+0.1 and 0.61%+0.06 of the left and right ventricles, respectively, 
and0.72%+0.09 of the septum. In conclusion, the results show the predominance of 
cardiomyocytes in the left ventricle; type I collagen was more prevalent; the thicker the 

Conclusion: The results show 
the predominance of cardiomyocytes in the entire the heart muscle, especially in the left 
ventricle. As for the collagen fibers, type I was predominant, showing a cardiac 

process since this fiber is present in the cardiac muscle of older individuals. 
The thicker the left ventricle, the higher the density of type III collagen, indicating that 
the remodeling was still in process since this is an immature fiber.  

about two billion people use about 300 million draft animals in 30 countries 
may exceed their naturalmaximum 
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capacity (Maranhão, 2006). Many of the changes most commonly found in draft horses result from inadequate 
management, combined with low-quality feed and high daily workload(Oliveira et al., 2007; Reichmann et al., 
2008). 

The increased physical effort generates compensatory responses of the myocardium, such as cardiac 
hypertrophy and remodeling, since myocardial hyperfunction induces myocardial injury and increased size of 
cardiomyocytes, causing an increase in heart mass and size (Magalhães, 2008), a set of mechanical, 
hemodynamic and pathophysiological stimuli, triggered by increased workload (Evangelista et al., 2003.  

To support this changes, the heart muscle is inserted in the connective, which gives support to the alignment 
of cardiomyocytes. Due to the capacity of distending and it elasticity, the connective tissue resists to 
deformation, preserving the heart shape from ruptures and also contributing to passive and active stiffening of 
myocardium. Regarding to collagen, it is known that it fibers, specialy types I and III, are linked to aging 
process, being the collagen type I more present in older individuals, whereas the type III is found in a higher 
density in younger individuals (Debessa et al., 2001; Martos et al., 2007). 

The knowledge of this subject will allow future studies about horses which are submitted to high effort 
tasks and its implication into the heart.Thus, the aim of this study was to use histological images of draft horses’ 
heart fragments to perform a metric analysis of the structural elements present in the cardiac muscle. We 
evaluated thecardiomyocytes, and the different types of collagen fibers arranged in the left ventricle, septum and 
right ventricle of the heart,determining the architectural arrangements observed in the organ. 

 
MATERIALSAND METHODS 

 
The hearts of six draft horses, four males and two females, of both sexes were used. The horses of different 

ages and unknown weight and breeds were used to pull carts and had body score compatible with the state of 
malnutrition, but no heart pathology. The hearts were collected from horses that died in the Veterinary Hospital 
of Large Animals of the College of Agronomy and Veterinary, of the Universidade deBrasilia. The used hearts 
presented no cardiac pathologies. This study was reviewed and approved by the Ethics Committee on Animal 
Use of the Universidade de Brasilia, under protocol no.46489/2009. 

The recently/freshly collected hearts were measured using a digital caliper 727-6/150 (Starrett®) and 
measuring tape. The following parameters were determined: the left ventricular height, distance between the 
coronary groove, on the ventral margin of the heart, and its apex; heart width, from the cranial up to the caudal 
face at the height ofthe coronary groove; and heart circumference, at the height of the coronary 
groove.Subsequently,the hearts were cut to removea fragment from the middle third of the free wall of the right 
and left ventricles, between the left and right sides, and the middle third of the interventricular septum. These 
fragment thicknesses were also measured. The collected fragments were fixed for about 48 hours in a10% 
formaldehyde solution followed by70% hydrated alcohol, cleaved perpendicularly to the muscle fibers and 
treated according to histological conventional techniques. A manual microtome (Spencer-Lens Co.) was used to 
cut 5-μm thick sections. The histological images were used to determine the structural elements present in the 
cardiac muscle, such as cardiomyocytes and the presence of collagen tissue in the heart left and right ventricles, 
and septum of each animal. 

Photomicrographs of five random fields of each fragment were obtained by the Olympus BX51 optical 
microscope coupled to the capture and image analysis software that used the ProgRes® Capture Pro 2.5 to 
quantify the volume density of cardiomyocytes. The area occupied by cardiomyocytes was measured by a point 
test system of the STEPanizer® software. The total area was calculated after counting the points according to 

the Delesse principle: ������ = �	
�� 

��
 ��2 , where A[est] is the area occupied by the structure, P[est]is the 

number of points counted on the structure, and Pt, the total number of points of the test system. 
The collagen tissue was quantified in photomicrographs of two random fields of each fragment using the 

image analysis software, Image Pro Plus 6.0®. The collagen fibers were differentiated using the Picrosirius red 
staining associated with the polarized light microscope, similar to what Okiyama et al. (2015) and Santos-
Leonardo et al. (2015) did. 

The results wereanalyzed by the GraphPad Prism 6.0 software, using descriptive analysisto obtain the 
means and standard errors. The Kolmogorov-Smirnov normality test was applied, with one-way ANOVA post-
test, in addition to eitherthePearson or Spearman correlation test, according to the results of the normality test, at 
p<0.05 
 
Results: 

The results of the heart macroscopic measurements were as follows, left ventricular height, 21 + 2.43cm; 
heart width and circumference, 18.08 + 1.96cm and 47.08 + 3.47cm, respectively; middle third thickness of the 
left ventricular free wall 4.31 + 0.72cm,of the interventricular septum 4.31 + 1.38cm, and of the right ventricular 
free wall 2.15 + 0.59cm (Figure 1). The evaluated hearts consisted predominantly of cardiomyocytes, whose 
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volume densities (Vv[cardiomyocytes]) were 90.37%+1.34; 88.40%+1.51; and 87.64%+1.37 for the left 
ventricle, septum, and right ventricle, respectively (Figure 2A). 

Type I collagen fibers predominated in the left ventricle, septum, and right ventricle with the following 
values1.3%+0.13, 1.24%+0.11 and 1.43%+0.11, respectively (Figure 2B). On the other hand, the type III 
collagen fibersconstituted 0.57% + 0.1 of the left ventricle, 0.72% + 0.09 of the septum, and 0.61% + 0.06 of the 
right ventricle (Figure 2C). Thetype I and III collagen fibers were found at varying ratios, but type I collagen 
fibers were predominant in all heart regions studied (Figure 2B). 

 

 
Fig. 1: Means and standard deviations of the cardiomyocyte volume densities (Vv[cardiomyocytes]) (A), type I 

collagen (B) and type III collagen (C) of the left ventricle (LV), interventricular septum (IVS) and right 
ventricle (RV). [A] ≠ LV; [B] ≠ IVS. D'Agostino & Pearson test, one-wayANOVA, and 
Pearson/Spearman correlation test. p <0.05 (*); Macroscopic measures of horse hearts (D) and the 
parameters, left ventricular height (HLV), heart width (HW) and circumference (HC), left ventricular 
thickness (LVT), interventricular septum thickness (IVS) and right ventricle thickness(RVT). [e] ≠ ST.  

 
Table 1: Values of r between the macroscopic measurements of the left ventricle (LV), septum and right ventricle (RV) with volume 
density of cardiomyocytes in the LV, septum, and RV, according to Pearson correlation test. 

VE Septo VD 
Height 0,35 0,69 -0,08 
Width 0,30 -0,25 0,16 
Circumference -0,63 -0,65 -0,04 
Thickness LV 0,37 -0,04 0,50 
Thickness Septum -0,02 0,11 -0,03 
Thickness RV 0,14 0,05 -0,23 

 
Table 2: Values of r between the macroscopic measurements of the left ventricle (LV), septum and right ventricle (RV) with the density of 

type I collagen in the LV, septum, and RV, according to Pearson correlation test. 
VE Septo VD 

Height -0,06 -0,39 -0,35 
Width -0,48 0,34 0,28 
Circumference -0,22 0,20 -0,19 
Thickness LV -0,95* 0,07 -0,18 
Thickness Septum -0,42 0,21 -0,60 
Thickness RV -0,58 -0,21 -0,08 

 
 



145                                                                        Laura Costa Borges et al, 2016 
Australian Journal of Basic and Applied Sciences, 10(13) August 2016, Pages: 142-146 

 

Table 3: Values of r between the macroscopic measurements of the left ventricle (LV), septum and right ventricle (RV) with the density of 
type III collagen in the LV, septum, and RV, according to Spearman correlation test. * p<0.05.  

 VE Septo VD 
Height 0,60 -0,11 -0,17 
Width 0,45 0,03 -0,29 
Circumference 0,13 -0,06 -0,35 
Thickness LV 0,84* 0,08 -0,26 
Thickness Septum 0,58 0,48 0,03 
Thickness RV 0,76 0,00 -0,44 

 

 
Fig. 2: Photomicrographs of histological sections of a draft horse heart. Hematoxylin-eosin staining shows the 

cardiomyocytes (dashed white arrow) and connective tissue (white arrow) (A). Picrosirius red staining 
shows the connective tissue (black arrow) (B). Picrosirius red staining using polarized-light microscopy 
to show type I collagen (red refrangibility) and type III collagen (green refrangibility) (C). 

 
Discussion: 

The horses of the study were faced with a constant blood pressure overload, and as it occurs with athletes, 
cardiomyocyte hypertrophy was observed due to a physiological response of the heart (Evangelista et al., 2003). 
This adaptation was a response to mechanical, hemodynamic and pathophysiological stimuli, triggered by 
increased workload (Evangelista et al., 2003). As a result, the findings of this study led us to believe that the 
myocardium of the draft horses underwent high demandthat resulted in consequent hypertrophy of 
cardiomyocytes. In addition to intense exercise,these animals faced throughout their lives a variety of adverse 
conditions, such as inappropriate and poor diet, among others. 

Cardiomyocytes density was not significantly different between the different regions of the right ventricle, 
septum, and left ventricle in draft horses. It has also been observed that there was no difference in the number of 
cardiomyocytes in the regions of the right ventricle, septum, and left ventricle. Loss of myocytes, with 
consequent cell hypertrophy, due to senility has been observed and reported in humans and rats in the literature 
(Cardoso et al., 2006). In this work, age was not a factor because the animals were considered all adults. 

Regardless of the different types of collagen fibers that canconstitute the connective tissue of the horses’ 
heart, we observed that the connective tissue was unevenly distributed between the different regions of the heart, 
corroborating reports in the literature for dogs and Thoroughbred horses (Benedicto and Bombonato, 2003; 
Leite et al., 2004). Leite et al. (2004) observed an average connective tissue increase of 3.31% and 3.45% in the 
left and right ventricles, respectively, of Thoroughbred racehorses. Lima et al. (2011) investigated draft horses 
and reported an average of 6.12±3.69%, 6.77 ±3.56%,6.07±3.07% of connective tissue in the left ventricle, 
interventricular septum, and right ventricle, respectively. Nevertheless, in this study, there were no statistical 
differences between the quantities of different types of collagen fibers in the evaluated cardiac areas. 

Moreover, thetype I collagen predominated over type III in this study, but the frequency of both typesin the 
heart muscle was low. The predominance of type I collagen fibers was apparently linked to fibrosis secondary to 
hemodynamic overload, causing several consequences to the functioning of the myocardium.Initially, it 
promoted a certain blood flow resistance due to vascular compliance, worsening myocardial hypoxia in cases 
where oxygen demand had increased, as in hypertension (Frey and Olson, 2003). Despite not having been taken 
into account, age is another important factor in the interpretation of these results. Horn et al. (2012) stated 
thattype I collagen fibers are present in higher numbers, or density, in the heart of senile individuals whiletype 
III collagen fibers tend to be more pronounced in younger individualssince it is animmature fiber. 

The results of the Pearson or Spearman correlation test for the macroscopic values of the hearts and the 
measures of the different heart regionsshow that the majority of values of rdid was not standardized regarding 
metric data. Furthermore,thetype I and III collagen fibers in the left ventricleand the thickness of the left 
ventricle showed a positive and strong correlation (p <0.05). Therefore, we believe that the data on collagen 
types, regardless of age, suggest that the horse hearts were still undergoing a remodeling, especially regarding 
the deposition of this tissue type, acting as a support for other cardiac components. 
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Conclusion: 

The results show the predominance of cardiomyocytes in the entire the heart muscle, especially in the left 
ventricle. As for the collagen fibers, type I was predominant, showing a cardiac remodeling process since this 
fiber is present in the cardiac muscle of older individuals. The thicker the left ventricle, the higher the density of 
type III collagen, indicating that theremodeling was still in process since this is an immature fiber.  
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