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1. Introduction
The heart, a vital organ of the circulatory system, is 
located in the pericardium on the left side of the middle 
mediastinum in the thoracic cavity [1–3]. The heart wall 
consists of three layers: epicardium, myocardium, and 
endocardium [1,4–7]. The outermost layer of the heart 
wall is the epicardium, which is the innermost layer of the 
pericardium [4,6,8]. The myocardium, which is the middle 
layer, is the thickest of the three layers; the endocardium is 
the innermost layer [4,6,8]. When the structural features 
of the heart wall are examined, there is a specialized heart 
muscle for contraction, a fibrous skeleton for connecting 
the valves, and a specialized internal conduction system 
for muscle contractions [8–11].

There are many studies in which structures such as 
the Purkinje fibers [9,12–15], intercalated discs [16,17], 
ventricular myocardium [18], sinoatrial node [9,11,12,19], 
atrioventricular node [20–22], bundle of His [20,23], 
tendinous cords [24], heart muscle [4,6,25–27], and heart 
valves [28–32] have been examined using light or electron 
microscopy. One of the advantages of SEM imaging is that 
three-dimensional images are obtained because focusing 
produces images of varying depth; hence, it is widely used 
in many fields such as anatomy, cell biology, physiology, 

pathology, microbiology, toxicology, and engineering 
[33,34]. It is thought that a structure examined using 
SEM is easier to understand and that SEM facilitates the 
identification of any differences that occur on its surface 
[33]. Therefore, SEM can be used to visualize the heart’s 
structure in three dimensions [16]. 

Although there are light microscopic images of the 
general morphological structures of the heart, SEM study 
has been insufficient in this area in domestic mammals. 
This situation makes it difficult to recognize the structures 
seen in the heart in SEM examination. For this reason, our 
aim is to increase the recognition of tissues by revealing 
the morphological structures of the heart, and to assist 
researchers working with SEM.

2. Materials and methods
2.1. Animals
In this study, 13 hearts of Saanen goats obtained from 
butchered animals were used.
2.2. Histological technique
Nine of the Saanen goat hearts were fixed in 10% buffered 
formaldehyde solution for histological examination. 
Samples taken to examine the layers and internal structure 
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of the heart were blocked in paraffin after routine tissue 
follow-up procedures. Sections of 5-μm thickness taken 
with a Leica microtome (RM2125RT; Leica, Wetzlar, 
Germany) were stained with hematoxylin–eosin (H&E), 
Masson’s trichrome, Crossman trichrome, and orcein stain 
techniques [35]. Histological examination was done with 
a Nikon Eclipse E600W light microscope (Nikon, Tokyo, 
Japan), and microscopic photographs were taken with the 
Nikon DS Camera Head DS-5M imaging system.
2.3. Scanning electron microscopy
Four hearts were fixed in 2.5% glutaraldehyde solution 
for SEM examination. Samples were taken from different 
points of the heart. Two methods were used to examine 
the subepicardial and subendocardial layers. In the first 
method used, the endocardium and epicardium were 
removed under a stereomicroscope. In the second method, 
samples were kept in 2N-NaOH solution for 3–7 days at 
25 °C. Tissues washed with distilled water were then put 
in tannic acid solution. All prepared samples were washed 
with phosphate buffer solution (PBS) according to SEM 
procedures. The samples were dehydrated with serial 
acetone dilutions and were then treated with osmium 
tetroxide and critical point drying. Following this, tissues 
covered with gold/palladium (Au/Pd) were examined in 
detail with SEM (GeminiSEM 500, ZEISS, Oberkochen, 
Germany; JSM-7001F, JEOL, Tokyo, Japan). 

3. Results
3.1. Histological results
Histologically, it was observed that the heart consisted 
of 3 layers in all of the atria and ventricles: epicardium, 
myocardium, and endocardium (Figure 1a). It was 
determined that the outermost part of the epicardium 
was covered with mesothelial cells (Figure 1b). Under 
these cells was a thin connective tissue containing a large 
number of elastic fibers (Figure 1b). Below this layer, 
a subepicardial layer consisting of blood vessels, nerve 
fibers, and abundant adipose cells was observed. It was 
determined that the myocardium, which is the middle 
layer, consisted of cardiac muscle cells with a single oval-
shaped nucleus and cross-striation. Intercalated discs were 
seen where the muscle fibers were connected (Figure 1c). It 
was noted that there were collateral connections between 
adjacent muscle fibers (Figure 1d). It was determined that 
the endocardium covering the innermost surface of the 
heart and the surface of the heart valves (Figure 2) consisted 
of endothelium with subendothelial and subendocardial 
layers. The endothelium was formed of simple squamous 
epithelium; the subendothelial layer consisted of loose 
connective tissue and smooth muscle cells (Figure 3a). The 
subendocardial layer, the last layer of the endocardium, 
was composed of loose connective tissue, nerve fibers, and 
Purkinje fibers. Purkinje fibers were observed to have large 
nuclei and light cytoplasm (Figure 3b).

3.2. SEM results
The endocardium was the inner layer of the heart and 
consisted of three layers. The endothelium was located in 
the deepest, covering the inner surface of the heart and 
consisted of a simple squamous epithelium (Figures 4a 
and 4b). The border between the second (subendothelial) 
and third (subendocardial) layers of the endocardium 
containing connective tissue was not apparent (Figures 4a 
and 4b). The collagen fibrils located in the subendocardial 
layer were thicker than those in the subendothelial layer. 
The subendocardial layer of the right ventricles of the 
macerated samples contained Purkinje strands consisting 
of cells of elongated form which were connected to each 
other (Figure 5). The subendocardial layer continued with 
myocardium, the muscle layer of the heart (Figures 4a 
and 4b). It was observed that each muscle bundle in the 
myocardium consisted of muscle fibers extending parallel 
to each other longitudinally, and that these fibers made 
collateral connections with each other in some regions 
(Figure 6a). Connection points of different appearance 
on the surface of the muscle fibers attracted our attention. 
Dark-colored A-bands and light-colored and line-shaped 
I-bands between the A-bands were observed (Figure 
6b). Numerous mitochondria were found at the level of 
the A-bands of the muscle fibers. When the thickness of 
the myocardium was examined, it was revealed that the 
myocardium in the ventricles was thicker than that of the 
atria. Epicardium, the third layer, consisted of mesothelium, 
loose connective tissue (Figure 7a), and adipose tissue 
(Figure 7b). In addition to the heart wall, pectinate 
muscles and valves such as the tricuspid valve, mitral 
valve, and aortic valve were examined. It was determined 
that the pectinate muscles (Figure 8) covering the inner 
side of the right and left atria were of different thicknesses. 
It was observed that the pectinate muscles in each atrium 
were interconnected and had a network appearance. The 
mitral valve (Figure 9a), tricuspid valve (Figure 9b), and 
aortic valve (Figure 9c), whose surfaces were covered with 
endothelium and many row-shaped structures with oval-
shaped, smooth borders in the surface endothelium of 
those, were noticeable. There were overhangs that appeared 
as light-colored dots on these structures (Figure 9d). It was 
observed that tendinous cords were attached to the mitral 
valve and tricuspid valve. In addition, lymphocytes, which 
are important in immunity and have many protrusions, 
were also seen (Figure 10).

4. Discussion
Heart tissue has been reported to consist of 3 layers—
the epicardium, myocardium, and endocardium—in 
histological and electron microscopic examinations 
[4,6,7,36,37]. In Saanen goats, the heart consists of 3 
layers in accordance with the literature. In this study, 
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the epicardium corresponds to findings in the literature 
[4,6,7,36,37]. The mesothelium and subepicardial layer 
underneath it consisted of connective tissue, adipose 
tissue, and blood vessels. In the Saanen goat, the cardiac 
muscle cells contain a single nucleus; these cells make 
intercalated disc and collateral connections with each 
other, similar to findings in the literature by Eurell and 
Frappier [36] and Ross and Pawlina [8]. Myofibrils have 
been examined with SEM in the human [16], monkey 
[17], and sheep [18], and findings of the A-, I-, and 
Z-bands were obtained. Since the Z-bands are a very 
thin line within the I-bands, only A- and I-bands were 
identified in the myofibrils of Saanen goats. The structures 
of these bands were compatible with those described 

in the literature [16–18]. It has been reported that the 
innermost layer, the endocardium, was made up of a 
simple squamous epithelium-containing endothelium, 
subendothelial layer containing fibroelastic connective 
tissue and smooth muscle cells, and subendocardial layer 
containing blood vessels and Purkinje fibers [36–38]. This 
situation was similar to our findings for Saanen goats. In 
the SEM examination, the endocardium was composed of 
the endothelium, with subendothelial and subendocardial 
layers, which is compatible with the findings of studies 
in humans [4,6]. The cell shapes forming the Purkinje 
fiber network observed in the subendocardial layer were 
reported to be oval in whale, sheep, and goat [14,39,40] 
and cylindrical in human, monkey, and dog [14], whereas 

Figure 1. a: General histological view of right atrium, epicardium (a), myocardium (b), endocardium (c), 10× objective magnification, 
(Masson’s trichome); b: The view of epicardium and myocardium layers, mesothelial cells (arrows) in the epicardium, under this 
layer elastic fiber (arrowhead), connective tissue (*), and myocardium (M), 10× objective magnification, (Orcein); c: The view of 
the myocardium, intercalated disc (arrows), 2× objective magnification, (H&E); d: View of the myocardium, collateral connections 
(arrowheads), and intercalated disc (arrow), 2× objective magnification, (Crossman trichrome).
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Figure 2. a: Histological view of mitral valve, endothelium (arrows), elastic fibers (arrowheads), 10× objective magnification (Orcein); 
b: Histological view of tricuspid valve, endothelium (arrows),  10× objective magnification (Masson’s trichrome); c: Histological view of 
aortic valve, endothelium (arrows) 10× objective magnification (Orcein).

Figure 3. a: The view of the endocardium and myocardium layers, endocardium (a), endothelium (arrows),  connective tissue and 
smooth muscle cells (*), myocardium (b) myocytes (M), 20× objective magnification, (Crossman trichrome); b: View of Purkinje fibers, 
endocardium (a), endothelium (arrows), purkinje cells (*) in the subendocardial layer and myocardium (b), 10× objective magnification, 
(H&E).

Figure 4. a: View of the left atrium, endothelium (arrow), connective tissue (subendothelial-subendocardial) (a), myocardium (b), 150×; 
b: The view of the right atrium, subendothelial connective tissue (1), subendocardial connective tissue (2), myocardium (3), collagen 
fibers (4), 450×.
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Figure 5. Purkinje networks (P) in the subendocardial layer in right ventricle, 200× (2N-NaOH maceration method).

Figure 6. a:The view of muscle fibers in the myocardium in the left ventricle, collateral connection (arrows), 1000×; b: 
The myocardium in right ventricle A band (A), I band (arrow), mitochondria (Mt), muscle fiber (M), 5000×.

Figure 7. a: The view of collagen fibers and connective tissue in the subepicardial layer in right ventricle, 3500×; b: 
Adipose tissue in the subepicardial layer of right ventricle, 5500×.



1177

SELVİLER SİZER et al. / Turk J Vet Anim Sci

those of Saanen goats were observed to be elongate, similar 
to those reported by Canale et al. [41]. There is an SEM 
study in the mouse and rabbit on tricuspid, mitral, and 
aortic valves [42]. In this study, it was mentioned that the 
surfaces of the heart valves are covered with endothelium 

and that there are sequential protruding structures with 
nanocilia over these structures [42]. These structures and 
their nanocilia-like protrusions were also observed on 
the examined heart valve surfaces of Saanen goats. We 
think that these protrusions seen on the endothelium 

Figure 8. The view of pectinate muscles. (a) 33×, (c) 75× in the left atrium, (b) 45×, (d) 
100× in the right atrium.

Figure 9. a: The view of mitral valve, tendinous cords (tc), 46×; b: The view of tricuspid 
valve, tendinous cords (tc), 49×; c: Surface view of aortic valve (septal semilunar cusp), 
400×; d: Surface view of aortic valve (septal semilunar cusp), 2000×.
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are the nuclei of endothelial cells. In addition, SEM 
examination of T and B lymphocytes, which play a role 
in the immune system, have been performed in studies 
conducted by Polliack et al. [43] and Polliack et al. [44]. 
These researchers stated that the cells with a smoother 
surface are T lymphocytes and the cells with microvilli 
on their surface are B lymphocytes. During the SEM 
examinations we performed of the hearts of the Saanen 
goat, cells with many microvilli-like protrusions were 
found on the surface. We think that these cells are B 
lymphocytes.

In conclusion, histological findings of the Saanen 
goat heart were consistent with findings in the literature. 

However, the cells forming the Purkinje fiber network in 
the Saanen goat heart seen in SEM examination had an 
elongated shape, unlike in the literature. We believe that 
the data obtained will facilitate the recognition of the 
morphological structures of the heart and help researchers 
who work with SEM.
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Figure 10. View of lymphocyte (a) in the left atrium, 10,000×.
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