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INTRODUCTION

 
 The Daniorerio, also known as zebrafish
small tropical fish that belongs to the Teleostei order. 
The morphology, histology, and vasculature of the 
heart of the teleost varies considerably among the 
species (Hu et al., 2000). Although
progress to septation, the cardiac development of this
fish is similar to mammals and amphibians
el at., 2000). 
 The zebrafish (Daniorerio) has 
as an experimental model to study the
aspects of the heart. The analytical techniques 
combined with genetic manipu
studying different mechanisms of development, 
regeneration and disease faster and more economical 
compared to other fish species (Chico 
 Although the heart of these fish has
chambers, its electro-physiology resembles the h
of mammals in many aspects, especially 
action potentials (Nemtsas et al
similarity, the ability to reproduce the main 
cardiomyopathies and the cardiac regeneration 
capacity ofzebrafish heart has led to adopting it
model to study heart diseases (Poon and Brand, 
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A B S T R A C T  
Because thezebrafish (Daniorerio) is widely used in heart
important to know the heart morphology of this fish. This study evaluated 
cardiomyocytes’ numerical and volumetricdensities (Nv
interstitial volumetric density (Vv(i)), the quantities and distributions of c
tissue and vessels in the myocardium at different ages. To this end, 65 male and female 
fish, between 12 and 18 months old, were examined during thirteen weeks. From the 
week 8th, the cardiomyocytes’ numerical density and the amount of vessels de
significantly whilethe amount of connective tissue increased. Also, a significant 
increase ofinterstitial volumetric density was observed between the first two and the last 
two weeks. The parameters were measured in the first and the thirteenth wee
compared. The results showed a significant decreaseincardiomyocytes’numerical 
density and vessels,20.7% and 13.6%, respectively. On the other hand, theconnective 
tissue and interstitial volumetric density increased significantly, 17.8% and 12%, 
respectively. It was found that thevolumetric density of cardiomyocytes did not change 
significantly throughout the studied period. The results provide a description of the 
zebrafish heart components over time, establishing quantitative parameters that may 
assist in the understanding of active morphological and functional mechanisms of the 
organ. 
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MATERIALS AND METHODS
 
 This study was approved by the Ethics 
Committee on Animal Experimentation of the 
University of Brasilia under Protocol 
127542/2013. 
 Sixty-five adult zebrafish, of
and 30 males, approximately 12 to 18 months old, 
weighing 0.4 ± 0.2 grams at the start of the 
experiment were used in this study. The animals 
went through a quarantine and acclimatization pe
that lasted 60 days in a 19-L tank. Subsequently, they 
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were randomly divided into two groups and placed in 
two 14-L tanks, maintaining the population density 
of 10 fish per liter. 
 During the acclimatization periods, quarantine 
and experiment, the animals were subjected to14-
hour light: 10-hour darkcycles, and fed commercial 
feed flakes (Alcon Basic®)twice daily. The tankswere 
equipped with a closed circulation system, 
maintained at a constant temperature of 26 ± 2°C 
regulated by a thermostat (Atman®) and checked 
with a thermometer (Aquadene®). The waterwas 
pumped continuously in the tanks, and circulated 
through a filter containing perlon, activated carbon 
and ceramic pipes for the mechanical, biological and 
chemical filtering, respectively. The weekly tanks’ 
maintenance consisted ofrenewing 10% of the water 
and cleaning the filters manually. 
 The water quality parameters measured were pH 
= 6.8-7.0 (LabconTest), daily; ammonia = 0 ppm 
(LabconTest),weekly; and, dissolved oxygen = 6-8 
mg/L(LabconTest), monthly. When necessary, the 
parameters were adjusted using the pHcorrector 
(Seachem) and ammonia remover(Seachem). 
Dissolved oxygen levelswere maintained using a 
pump (SARLO Better Mini) for oxygenation. 
 The experiment lasted thirteen weeks so that fish 
age at the end of the experiment was between 16 and 
22 months, which corresponds to the onset of senile 
age and approximately 48% of their average life 
expectancy in the laboratory (Gilbert et al., 2014). 
Five fish were euthanized weekly by immersion in 
aqueous solution of 0.2% 3-ethyl aminobenzoate 
(Sigma-Aldrich Chemistry), followed by immersion 
in ice water (4°C) for 15 minutes (Gupta and 
Mullins, 2010). 
 Subsequently, the fish were weighed and fixed 
in Dietrich aqueous solution for 48 hours, as 
recommended by the Zebrafish International 
Resource Center (ZIRC). The histological technique 
consisted of the standard steps,dehydration using a 
series of increasing ethanol concentrations, 
diaphanization in xylene, impregnating and 
embedding in paraffin. The blocks were cut in the 
sagittal plane into 3μm-thick sections using the 
manual microtome. Thesections from each animal 
were stained with Picrosiriusred and HE. 
 Images of 21 random fields of each section were 
captured using an optical microscope (BX51 
Olympus®) coupled to the camera (Moticam 3, 
Motic®) and image analysis software (Motic Image 
Plus 2.0). The parameterscardiomyocytes’ 
volumetric (Vv(c)) and interstitial (Vv(i))densities; 
cardiomyocytes numerical density (Nv(c)); and the 
quantities and distributions of connective tissue and 
vessels in the organ were determined. 
The volumetric densities were determined by 
counting the points that touched either the 
cardiomyocytes or the cardiac interstitium according 
to the formula: 

Vv�structure
 =
P���������


Pt
, 

 Where P[structure] is the number of points that 
touched either thecardiomyocytes or the interstitium; 

and Pt, the total number of points in the test area 
(Brüel, 2010). The cardiomyocytes’ numerical 
density was calculatedas follows: 
Nv[cardiomyocytes] = Q-A/disector 
 WhereQ-

A is the number of nuclei observed in 
the upper section plane; and disector is the test-
volume obtained by multiplying section thickness by 
the area of the test-system (Brüel, 2010). 
 The stereological analysis 
softwareSTEPanizer®was used to quantify the 
numerical and volumetric densities. The volumetric 
densities were calculated using 100 points with an 
area of 16μm² each (40xmagnification), totaling 
1600μm². This same total area was used to calculate 
the numerical density. The connective tissue was 
quantified using the image analysis software Image-
Pro Plus 6.0® and the vessels were quantified by field 
counting. 
 The data were subjected to descriptive statistics 
to obtain the mean and standard error of the mean. 
Subsequently,the Kolmogorov-Smirnov test was 
applied to determine the normality of the data. 
Depending on the results of the normality test,one-
way ANOVA or Kruskal-Wallis test, and Holm 
Sidak or Dunntestwere also applied using the 
GraphPad Prism®6 software at p ≤0.05 significance 
level.  
 
Results: 
 The myocardium has an outer layer of 
cardiomyocytes with variable thickness, which 
surrounds an inner layer that is characterized by a 
trabecular arrangement that covered the entire lumen 
of the ventricle (Figure 1-A). The connective tissue 
was observed in the pericardium (Figure 1-B), 
between the inner and outer layers (Figure 1-C), 
involving the cardiomyocytes (Figure 1-D), in the 
atrioventricular valve (Figure 1-E), arterial bulb 
(Figure 1-F), and around the vessels (Figure 1-G), 
which were found only in the outer layer of the 
myocardium (Figure 1-H). 
 The analysis results of the zebrafish myocardium 
showed that the number of vessels (Figure 2-A) 
andNv(c) (Figure 2-B) decreased while Vv(i) (Figure 
2-C) and connective tissue (Figure 2-D) 
increasedover the 13-week period. TheVv(c) (Figure 
2-E) and the weight (Figure 2-F) did not change 
significantly over the period. However, Nv(c), 
connective tissue and vessels were significantly 
different from the VIII week. The parameter Vv(i)  
was also significantly different between the first two 
and the last two weeks. 
 
Discussion: 
 The myocardium outer and inner layers were 
easily distinguishable, being juxtaposed to one 
another, and separated by a thin layer of connective 
tissue. The muscle fibers in the outer layer were 
densely arranged, while, in the inner layer, they were 
arranged in interwoven networks, forming a 
trabecular arrangement. This anatomical arrangement 
observed in the heart of zebrafish is similar to those 
already described in other teleost fish (Icardo et al,., 
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2005), reptiles such as Tegu lizards 
(Tupinambismerianae) (Silveira et al., 2013) and 
during the early developmental stages of the hearts of 
birds and mammals (Sedmera et al., 2000). 

 
 

 

 
 
Fig. 1: Arrangement of connective tissues and adjacent structures of the myocardium of Daniorerio. A.outer 

(bracket) and inner (asterisk) layers of the myocardium. III week, Picrosirius red, bar= 25 µm. B. 
Visceral(arrow) and parietal (dashed arrow) bladesof the pericardium. VII week, Picrosirius red, bar= 25 
µm. C.Section of connective tissue (arrows) separating the myocardium layers. XI week, Picrosirius red, 
bar= 25 µmD.Connective tissue involving the cardiomyocytes (arrows). XII week, Picrosirius red, bar= 
25 µm. E.Connective tissue in the valves of the atrioventricular valve. VI week, Picrosirius red, bar= 25 
µm. F.Connective tissue in the arterial bulb. VIII week. Picrosirius red, bar=50 µm. G.Connective tissue 
around the vessels. VI week, Picrosirius red, bar= 25 µm. H. Vessels present only in the outer layer of 
the myocardium. XIII week, HE, bar= 50 µm. 

 

 
 
Fig. 2: Assessment over time of the myocardium components ofDaniorerio. The mean and the standard 

deviation values of the results of the statistical tests ANOVA or Kruskal-Wallis, Holm Sidak or Dunn, 
at p≤ 0.05 (asterisk).Nv(c)-cardiomyocytes numerical density,Vv(i)- volumetric interstitial densitiy,Vv(c)- 
cardiomyocytes volumetric density. 
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 The health of the cardiovascular system is vital 
to the integrity of each tissue and longevity of the 
organism as a whole. Over time, the heart undergoes 
complex alterations, which modify its cellular 
composition and may lead to the development of 
cardiovascular diseases(Lakattaand Levy, 2003). The 
knowledge of these changes provides a better 
understanding of the pathological processes such as 
atherosclerosis, hypertension, and cardiac 
hypertrophy, these being widely studied, including 
inzebrafish (Hu et al., 2000; Poon and Brand, 2013). 
 Connective tissue is found mainly in the 
pericardium, in regions close to the arterial bulb and 
atrioventricular valve, and involving the 
cardiomyocytes. The connective tissue increased 
gradually over time, and became significantly 
different from week 8th, for animal ages between 14 
and 20 months old. Changes in the distribution and 
proportion of connective tissue can cause mechanical 
and electrical disturbances in the heart, affecting the 
functioning of the organ, so it is important to 
understand the behavior and distribution of this tissue 
over time (North and Sinclair, 2012). 
 The vessels were found only in the outer layer of 
the myocardium. The amount of vessels reduced 
significantly over time from week 8th when the fish 
were between 14 and 20 months old. This type of 
arrangement classified the heart as type II,which is 
characterized by a thin layer of connective tissue 
between the myocardium outer and inner layers and 
vessels present only in the outer layer (Grimes and 
Kirby, 2009). 
 The comparison of the fish in the first and the 
thirteenth week showed that the Nv(c) and vessels 
decreased significantly by 20.7% and 13.6%, 
respectively. On the other hand, theconnective tissue 
and the Vv(i) increased significantly by 17.8% and 
12%, respectively.It is noteworthy that at the end of 
the study, the fish were between 16 and 22 months 
old, which corresponds to the onset of senile age 
(Gilbert et al., 2014) when there is a morpho-
functional replacement of cardiomyocytes by 
connective tissue due to cardiac compliance, which 
does not develop cardiovascular disease similar to 
those observed in others (Chico et al., 2008). 
 
Conclusion: 
 Over time, the Nv(c) and the vessels decreased, 
with a concomitant significant increase in connective 
tissue from week 8th, and a significant increase in 
Vv(i) between the first two and the last two weeks. 
The results of this study provide a description of the 
zebrafish heart components over time by establishing 
quantitative parameters that can help to understand 
better the morphological and functional mechanisms 
that act on the heart structure. 
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