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Abstract: The morphological and histological structures of the ventricle of convict cichlid (Amatitlania nigrofasciata) were described light microscopically. The 
ventricle was pyramidal in shape, and its wall was comprised of epicardium, myocardium, and endocardium. Epicardium and endocardium were thin and had 
similar histological structure that consisted of simple squamous epithelium and connective tissue. The thicker layer, myocardium, was composed of two layers 
differentiated easily: the outer part was compactly organized while the inner one was observed as spongy in appearance with large trabeculae oriented between 
branched bundles of cardiac muscle. The pyramidal shape and myoarchitectural features of the ventricle were evaluated and discussed as being the most important 
histological parameter of metabolic activity which is depended on myocardial functions. 
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Öz: Bu çalışmada zebra çiklit (Amatitlania nigrofasciata) ventrikülünün morfolojik ve histolojik özellikleri ışık mikroskobu ile incelenmiştir. Ventrikül, piramit biçimlidir 
ve ventrikül duvarı epikardiyum, miyokardiyum ve endokardiyum tabakalarından meydana gelmiştir. Epikardiyum ve endokardiyum tek katlı yassı epitel ile ince bir 
bağ dokudan oluşmuştur. Daha kalın bir tabaka olan miyokardiyum, kolayca ayırt edilebilen iki tabaka halinde izlenmiştir; dış tabaka, sıkı şekilde organize olmuşken 
iç tabaka, dallanmış kalp kası demetleri arasında yer alan iri trabekülleri ile süngerimsi görünüme sahiptir. Ventrikülün piramidal biçimi ve kas düzenlenişi metabolik 
aktivitenin önemli bir parametresi olarak değerlendirilerek tartışılmıştır. 

Anahtar kelimeler: Kalp, ventrikül,  Amatitlania nigrofasciata, zebra çiklit, histoloji 

INTRODUCTION

During the embryogenesis, heart is the first organ that 
forms and becomes functional in all vertebrates (Yelon, 2001; 
Glickman and Yelon, 2002). There are significant structural 
similarities of different vertebrate hearts; three layers of the 
circulatory system that can be also noticed in heart; epicardium 
(tunica adventitia), myocardium (tunica media) and 
endocardium (tunica intima). The outmost layer is pericardium 
consists of also two distinct layers; fibrous and serous 
pericardium (University of Leeds, 2003).  

Univentricular heart of teleosts, as a prototype of the hearts 

of higher vertebrates, enable to study the structure, function, 

physiology and mechanisms (Weinstein and Fishman, 1996; 

Fishman et al., 1997; Hu et al., 2000). Teleost heart 

morphology and physiology are well studied by numerous 

authors (Santer, 1985; Satchell, 1991; Farrell and Jones, 1992; 

Sánchez-Quintana et al., 1995; Burggren et al., 1997; Simões 

et al., 2002; Icardo, 2012). It consists of four chambers: the 

sinus venosus, the atrium, the ventricle and the bulbus 

arteriosus through the blood flow (Santer, 1985; Stainier and 

Fishman, 1992; Stainier et al., 1993). The ventricle is the most 

muscular chamber of the heart that contracts strongly and lead 

the blood to the ventral aorta via elastic bulbus arteriosus.  

Teleost ventricles show some differences in shape; they 
can be saccular, tubular or pyramidal, and each type has also 
different myoarchitecture (Sánchez-Quintana et al., 1995). It 
was reported that mixed ventricular myocardium is well 
vascularized in its outer compact and inner spongy layers. This 
type of myocardium of pyramidal ventricle is found in fish with 
high swimming activity. However, in less active fish that have 
tubular or saccular ventricles, myocardium is spongy with 
entirely trabecular muscle (Tota, 1978; Santer and Walker, 
1980; Santer et al., 1983; Santer, 1985; Simões et al., 2002). 
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Convict cichlid is a freshwater teleost natively diversed in 
the streams and rivers of Central America, and a very popular 
aquarium fish (Mousavi-Sabet and Eagderi, 2016). It is also a 
frequently used model for fish behavior studies (Nelson et al., 
2013; Wisenden et al., 2015). The current study is aimed to 
describe histological features of the ventricle of A. 
nigrofasciata. 

MATERIALS AND METHODS 

Ten specimens of A. nigrofasciata were obtained 
commercially and maintained for two weeks in well aerated and 
filtered aquaria (40 L) at 26±2 ⁰C. Photoperiod was 14-h 
light/10-h dark. They were fed frozen Artemia sp. (Ocean 
Nutrition™) twice a day.  

The specimens were euthanatized with overdose of MS-
222, the hearts were removed and fixed in Bouin’s fluid for 24-
h at 4 ºC and routine histological procedures were followed. 
They were rinsed in distilled water, dehydrated in ethanol, 
treated with xylene and embedded in paraffin (Presnel et al., 
1997). 5 µm-thick serial sections were stained with Mayer’s 
hematoxylin-eosin (H-E). Slides were investigated by light 
microscopy and photographed by using Euromex HDII camera 
attached to Euromex stereomicroscope and Zeiss Axio Scope. 
A1 equipped with Zeiss AxioCam ERc5s. 

RESULTS 

The largest part of the heart of A. nigrofasciata was 
ventricle, the atrium had a thin, muscular wall and atrial lumen 
composed of loose meshwork of trabeculae; and the bulbus 
arteriosus had a thick wall consisting of connective tissue fibers 
(Figure 1). 

 

Figure 1. Frontal section of the heart of A. nigrofasciata showing the 
chambers of the atrium (A), the ventricle (V) and the bulbus arteriosus 
(BA) (original magnification x4) 

Three distinct layers of pyramidal ventricle (Figure 2) were 
observed as epicardium, myocardium and endocardium. While 
epicardium (visceral serous pericardium) was clearly observed, 
the fibrous pericardium and the pericardial cavity could not be 
noticed. Epicardium, a thin layer that was consist of flattened 
epithelial cells (mesothelium) and connective tissue (Figure 3). 

 

Figure 2. Frontal section of the pyramidal ventricle (V), the atrium (A) 
and the bulbus arteriosus (BA) (original magnification x2) 

 

Figure 3. Epicardium (Ep) that is composed of mesothelium and 
connective tissue  

Myocardium was consisted of outer, compact myocardium 

(compacta) and inner spongy myocardium (spongiosa). In the 

spongy myocardium, some large trabeculae were noted (Figure 

4). 

 

Figure 4. Outer compact myocardium (CM) and inner spongy 
myocardium (SM) with large trabeculae (T)  
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Ellipsoid, centrally located nuclei surrounded by widened 
perinuclear spaces were observed (Figure 5). Striated 
appearance of the circular muscle cells were distinguished 
locally (Figure 6). Cardiac muscle cells as branched fibers were 
easily noticed, however intercalated discs were partly seen 
(Figure 7). 

 

Figure 5. Centrally positioned nuclei (N) of cardiac muscle cells and 
epithelial cell (arrowhead) 

 

Figure 6. Striated appearance (encircled) of the cardiac muscle fibers 

 

Figure 7. Branched (*) cardiac muscle fibers (CMF) with slightly seen 
intercalated disc (square), red blood cells (RBC) in the ventricular 
lumen (L) 

Endocardium was very thin and composed of simple 
squamous epithelium (endothelium) and connective tissue 
(Figure 8). 

 

Figure 8. Ventricular lumen (L), simple squamous epithelium 
(arrowhead) and connective tissue (ellipse) of the endocardium 

Atrioventricular and ventriculobulbar valves were observed 
clearly as of connective tissue flaps covered by endothelium 
(Figure 9 and 10). 
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Figure 9. Atrioventricular valve (AvV) consisting of connective tissue 
(CT) and covered by endocardium (ellipse) 

 

Figure 10. Ventriculobulbar valve (VbV) consisting of connective 
tissue (CT) and covered by endocardium (ellipse) 

DISCUSSION 

As being the first organ that forms and functions in all 
vertebrate embryos (Glickman and Yelon, 2002), the anatomy, 
structure and functions of heart had been well studied; and 
significant similarities were also well defined histologically in 
warm and cold-blooded vertebrates. In accordance with 

previous reports (Pérez-Pomares et al., 2009), the organization 
and histological structures of the heart wall of A. nigrofasciata 
was constructed in three-layers which are exhibited common 
features. Lacking of Purkinje fibers in lower vertebrates is also 
a common structural organization (Eliška, 2006; Eralp et al., 
2006; Quentin and Moore, 2008); these fibers were not 
observed in the heart of A. nigrofasciata.  

External ventricular shape and architectural arrangement 
show a great variability in different fish. Depending on their 
shapes, the ventricle can be differentiated as pyramidal, tubular 
and saccular (Santer, 1985; Sánchez-Quintana et al., 1995; 
Simões et al., 2002). The pyramidal ventricles were reported in 
the members of Salmonidae and Scombridae (Farrell and 
Jones, 1992; Icardo, 2012); also in Pagellus centrodontus 
(Sánchez-Quintana et al., 1995), Piaractus mesopotamicus 
and Colossoma macropomum (Simões et al., 2002). The 
ventricles of Merluccius merluccius was tubular (Sánchez-
Quintana et al., 1995); while Lophius piscatorius (Sánchez-
Quintana et al., 1995) and Clarias gariepinus (Simões et al., 
2002) had saccular ones.  

Another classification of ventricles could also be done 
according to presence and relative thickness of compact layer, 
and the extension of myocardial vascularization (Tota, 1983; 
Tota, 1989; Tota and Garofalo, 2012; Icardo, 2012). 

Although some incompatibilities between the shapes and 
structures of ventricles were noted, Icardo (2012) was offered 
a consensus: both of two parameters; the external shape 
(Santer, 1985) or muscular structure and vascularization of the 
ventricular wall (Tota, 1983) are suitable for classification. 

Ventricular shape and myoarchitecture are naturally 
correlated with the lifestyle and metabolic activities of fish 
species.  While fast-swimming fish have pyramidal ventricle 
which has mixed type myocardium that consists of compacta 
and spongious layers; sedentary or less active fish show 
tubular or saccular ventricles that present entirely trabeculated 
myocardium. However, Simões et al. (2002) reported that a 
freshwater teleost Clarias gariepinus that mostly inhabit 
shallow, running water, has a saccular shaped ventricle 
consisted of mixed type myocardium. 

A. nigrofasciata is an attractive species that prefers fast 
moving streams and rivers, and has a pyramidal ventricle 
constructed with mixed type of myocardium.
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