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ARTICLE INFO ABSTRACT

Article history: Problems relating to injuries and heart failure wrerying as well as morphologic
Received 3 March 2016; accepted 2 changes inherent in this condition. We use 10 fidbaniorerig, of both sexes, and
May 2016; published 26 May 2016 quantify the density of cardiomyocytes, connectissue and collagen type | and ty

Il fibers by Sirius Red staining. There was statéd difference between all paramet
when compared atrium and ventricle, probably duthéoize difference between the
Keywords: chambers. The atrium of males and females togét€) showed higher density

cardiomyocytes in the atrium (6.93% + 0.51) thauhie ventricle (3.84% + 0.20) a
higher density of myocardium in the ventricle (684 + 1,25)than in the atrium
(60.30% = 2.44).The ventricle (8.02 + 0.61%) showed a lower densftgonnective
tissue than the atrium (24.50 + 1.35%). The denditthe collagen fiber type | in tt
atrium was lower compared to the fibers of type(4l28% + 1.2 and 5.68 + 1.90%,
respectively) and higher in the ventricle (3.22%899% and 0.14 + 0.05, respectivel
Based on these results opens up the range witesetparameters for future stuc
related to the specie studied.

INTRODUCTION

The high prevalence of heart failure and the higkt @associated with this condition demonstrate
importance of establishing experimental models riEgearch and improving the methods of diagnosis
treatment for this condition. The use of zebrain biomedical research has been increasing dueveral
factors including the ease of administration ardrabsorption of most drugs; visible embryonic @lepment;
morphological and molecular basis of embryogenssislar to that of other vertebr:s, including humans;
small size, easy breediagd management; and low production costs comparether model: (Zhu, J.Jet ai,
2013) Seventywo hours after fertilization, the cardiovasculgstem of zebrafish is completely functional ¢
is easilyvisualized, which facilitates studies associatethwhe heart and its ability to regener (Poss, K.Det
ai., 2002)

Similarly to other bony fish, zebrafish heart hadyoone atrium and one ventricle. Both structures
formed primarily by cardiomyocytes and connectigsue. Collagen is the main constituent of thisugs anc
five types can be found, namebpllagen type 1, Ill, IV, V and VI, of whichcollagen typ | is the predominant
type. Mill, J.G., D.V. Vassallo, 200)

In this species, the heart fully regenerates iny ambo months; therefore, it is a great model
cardiovascular plasticity. However, the ct mechanism of heart regeneration has not yet lelucidated.
(Parente, V.Et ai., 2013) This process does not occur in the human myocardidawever, it has bee
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suggested that mammals have the stem cells reqgtoregtimize myocardial regeneration but that tlaeg
inactivated. (Lepilina, Aet ai, 2006)

This study aimed to provide morpho-quantitativeapaeters for the heart tissue structure®ahiorerio
that will be used as a basis for further studies.

MATERIALS AND METHODS

The study followed the standards of the Ethics Cdtem on Animal Use of the University of Brasilia
protocol #127542-2013. A total of 10 adult fidbahiorerio) aged three months old that were obtained from a
fish hatchery (Psicultura Tropical Maeda, Brasilia/DFa&l) were used. The animals underwent ada®-
acclimation periodn 26-L tanks. These tanks had a closed circulagigstem, constant temperature controlled
by thermostat, and biological, chemical and meatdafilters. The pH was checked daily with a pH tas(pH
Tropical®, LabconTest) and adjusted using a pH-adjustiregagAlcali,Labcoff). The fish were subjected to a
14/10 h photoperiod and fed twice a day with conuiaé¢ifeed through an automatic feeder(Auto Feeder A
2009D RESUN).

An 0,2% aqueous MS22 solution (Finquel, Argent Lrabaries Grouf) followed by immersion in cold
water (4°C) for 15 minutes was useddathanizethe animals. Then, the fish were fixed whole iueays
Dietrich’s solution for 72 hours. Standard histatad technique was used. The blocks were cut amn3-p
thickness using a manual microtome (Leica RM 2125Rmd on average, 10 sections were obtained fdr ea
fish. The sections were then stained with (BX51rpus’) Sirius Red

The images were obtained using a light microsc&»5( Olympu$) that was coupled to a camera and to
image acquisition and analysis software (Pro§Reapture Pro 2.5). Images (TIFF, 36-bit color, 128IP4
pixels) were acquired from 15 random fields of efralyment using areas with longitudinal cardiaefibas a
standard. To quantify the cardiomyocytes, the cotive tissue and the types of collagen, the arghowt
tissue and/or with erythrocytes and satellite oslis disregarded.

To quantify the area occupied by cardiomyocytessteeeological software STEPanizét-
http://stepanizer.com/) with 100 points (100x ohjex) was used for which each point correspondmtarea of
13.2 um2. This procedure was used to obtain thenraeea of each analyzed tissue. (Mandarim-de-Lacerd
C.A., 2003)

The slides of the animals were separated in gré@ps males and females, GM- only males and GF- only
females) and the cardiomyocyte density, myocardisity, connective tissue density and type | gpe tll
collagen fibers density were quantified. The numtlepoints corresponding to tleardiomyocyte nucleand
the atrium and ventricle myocardium were countéd; difference between the mean area of the myagardi
and the mean area of the connective tissue comdspoto the mean area occupied by cardiomyocytés (N
cardiomyocyte = average area of myocardium - aweaaga of connective tissue).

Polarized light microscopy and Image-Pro Plus 6geanalysis software were used to differentiate
between and calculate the percentage of type tyrallll collagen fiberd. The software and light microscopy
were also used to quantify the connective tissue.

Descriptive statistics were used, followed by thelrKogorov-Smirnov normality test, t-test and Mann
Whitney post hocest with the program GraphPad Pfi§mThe data are expressed as the mean + standard er
of the mean, and £ 0.05 was considered significant.

Results:

The analysis revealed that the atrium (AT) is thwith thin trabeculae, an atrioventricular valvajsoular
wall and some areas with a higher density of cotiveetissue, especially on the edges. The vent(&lg has a
bulboventricular valve, its wall is thicker thanettatrial wall, and it comprises an inner layer wégwveral
trabeculae, with some of them exhibiting connectissue, and an outer compact layer of cardiac lawgaere
the connective tissue is more abundant (Figure 1).
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Fig. 1: (A) Lateral view of the cardiac region (arrow), bulb (segmented arr
and ventricle (asterisk]B) Trabeculae of the ventricle (arrow§) Atrioventricular valve (arrow) an
bulboventricular valve (arrow segmented); (D) Collagen type | (segmented arrow) and collagen
Il (arrow). Bar: 50um. Picrosirius red, light micopy (A, B and C) and polarized microsci

Regarding the GT, the cardiomyocyte nuclei werearaiyundant in the atrium than in the ventricle (
6.0% + 0.41 and VT: 3.84 + 0.20), while myocardi¢Ai: 60.30%+ 2.44 and VT: 68.77 £ 1.25) was m
abundant in the ventricle (Figure 2A and 2B). Aagee density of both the cardiomyocyte nuclei (G@R3% +
0.51 and GF: 6.38 + 0.47) and myocardium (C60.18% + 2.77 and GF: 53.03 + 2.19) was observetthdl

GM (Figure 2C, 2D, 2E and 2F).
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Fig. 2: (A) Comparison of density of cardiomyocytes between dlvum and ventricle of the G1(B)
Comparison of the density of myocardium in theuwstriand ventricl of the GT;(C)Comparison of
density of cardiomyocyte in the atrium between maad females(D) Comparison of ventricule
density of cardiomyocytes between males and femiE) Comparison of ventricular density
myocardium between males and fem: (F) Comparison of density of myocardium &
cardiomyocytes between males and females. Graptapadsentation of the mean + SEM< 0.05 by

paired t test(n=10).
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Regarding the quantification of the connectiveuissef GT, the ventricle (8.02% + 0.61)hibited a lower
density than the atrium (24.50% + 1.35) when the tlvambers were compared (Figure 3A). The atriuiv:(
22.80% + 1.74 and GF: 27.96% * 1.97) of GM showéalheer density of connective tissue while the vietgr
(GM: 13.47% + 1.08 and GF.eB% * 0.29) showed a greater density compareteatrium and ventricle «
the GF (Figure 3B and 3C). Regarding the typesotihgen in the GT, type collagenfibers (3.61% + 0.73)
were more abundant than type dollagenfibers (3.13% + 1.05) wheme atrium and ventricle where analy:
together (Figure 4A). In this group, the typcollagenfibers (4.28% * 1.20) were less abundant than tiip
collagenfibers (5.68% + 1.90) in the atrium (Figure 4B),ilettype |collagenfibers (3.22% + 0.89) we more
abundant than type Il collagdibers (0.14% + 0.05) in the ventricle (Figure 4Regarding the GM, the tot
density of type | collagefibers (AT: 7.65% + 2.20 and VT: 5.33% * 2.05) iotl the atrium and ventricle w
higher compared to the GQAT: 0.92% + 0.40 and VT: 2.67% * 0.99). The densif type Ill collagen fibers
was greater in the atrium of the GM group (10.8598.%8) compared to the GF group (0.51% =+ O.
Conversely, the density of type Icollagen fibers was lower in the venteicof the GM (0.09% =+ 0.0%
compared to the GF (0.16% + 0.06) (Figure 4D and
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Fig. 3: (A) Comparison of density of connective tissue betwd®n atrium and ventricle of the G'(B)
Comparison of the density of connective tissueéhmdtrium between GM and G(C) Comparison of
the density of connective tissue in the ventrickween GM and GF. Graphical representation of
mean + SEM. X 0.05 by paired t test(n=1
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Fig. 4: (A) Comparison of density of collagen type | and tyldbétween the atrium and ventricle of the (
(B) Comparison of density of collagen type | and tyfleirl the atrium of GT;(C) Comparison of
density of collagen type | and type Il in the wégie of GT; (D) Comparison of density of collagt
type | and type Il in the atrium between GM and;(E) Comparison of density of collagen type | ¢
type Il in the ventricle between GM and GF. Gragairepresentation of the mean + SEN< 0.05 by
paired t test(n=10).
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When the total area of the myocardium was adjubtethe difference of the connective tissue ardas, t
following areas of cardiomyocytes/umz2 were obtained
Atrium: GT- 45.53, GM- 46.46 and GF- 38.20; andtviefe: GT- 63.25, GM- 60.26 and GF- 64.84.

Discussion:

The zebrafish is able to regenerate heart tissg after extensive tissue loss, (Poss, Ktai, 2002) but
the mechanisms involved in this process are gsiitlear. Because the process of zebrafish hearmeeggon is
still unknown, the density of the cardiomyocytesniective tissue and type | and type Il collagéers of the
heart of these animals were quantified in the prestidy.

The ventricle exhibits stratified muscle layersiiai favor contractile efficiency and ventriculaepsure.
(Hu, N. et ai, 2001). In the present study, the differencesvben the ventricle and atrium were statistically
significant in the analyzed animals; the ventriekhibited a stratified wall and a thick middle layghich
emphasizes the functional difference between thetlehambers. (Cerra, M.€t ai, 2004) Although it showed
distinct functional aspects, the density of cardionyte tissue in the atrial and ventricular charabgas not
significantly different between males and femal&hese data suggest that unlike other species, gbnad
hormones do not affect the density of cardiomyoeytetween the walls of the atrium and ventricléieffer,

D. et ai, 2010)

The density of connective tissue in males was highéhe ventricle and lower in the atrium compated
that of females. This finding may be associated wlite risk of heart disease, which is lower amormgnen
compared to men in the same age group (Vaccarinet ®i, 2011) and possibly occurs due to the protective
action of estrogen that prevents collagen depaositicthe heart. (Cabanelas, L.ét ai, 2012) Therefore, it is
suggested that there may be a distinguishing falstdris pre-determined by gender.

The quantitative data for collagen fibers foundthe atrium and ventricle of zebrafish are crucal t
elucidate their structural role in anchoring thed@amyocyte layers and in supporting the vasculad aerve
structures. The density of collagen fibers obseimetthe myocardium of zebrafish is higher than thiaserved
in the myocardium of tilapia. (Waldemarin, K.C.At ai, 2012) Studies in eelAqguilla anguilla L) have
shown that collagen can increase the stiffneshi®fcompact layer and improve the resilience ofdigan,
which can contribute to improving the mechanicaffgrenance of the heart. (Cerra, M.€t ai, 2004). The
concentration of the two collagen fibers needs d¢odifferent, and this difference needs to be maiaty
(Souza, R.R., 2002) because this feature basieallyres the maintenance of cardiac contractilityweéler,
despite the predominance of type | collagen fibérgs clear that they work together with the othissues
present in the interstitium.

Regarding gender, collagen was more abundant iatthen of females, whereas it was more abundant in
the ventricles of the males; the connective tissxigbited the same pattern. A study demonstratatlititact
rats exhibited a higher proportion of cardiac qpiia compared to ovariectomized rats undergoinggssir
replacement therapy, suggesting that females dxljl#ater cardiovascular protection due to the fema
hormones. (Cabanelas, L.At ai, 2012) The increase in myocardial type | collageay also contribute to
decreasing the elasticity of the ventricle with ressing age, impairing the normal functioning oé th
myocardium. (Souza, R.R., 2002) The female zelrdliieely exhibits this protective effect conferrdxy
gonadal hormones because both connective tissug/pad collagen fibers are found in lower concatims in
the ventricle.

The amounts of cardiomyocytes, connective tissuk @ilagen are greater in the ventricle than in the
atrium of females, whereas the amounts of connediissue and type | collagenfibers are higher ia th
ventricles of males. This study describes the compts of the young adult zebrafish heart. Thesa @il be
useful for gaining a better understanding of them@d and abnormal mechanisms of the morphology and
functioning of the heart and will provide the basisfurther studies on this topic.
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