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Abstract

Histologically, the papillary muscles of the heart of buffalo consisted of three
layers; endothelium, subendothelial and myocardial layers from within
outwards. Endothelium was a simple squamous epithelium, which was
supported by a subendothelial layer which consisted of loose connective tissue
mainly collagen, elastic fibers and adipose tissue. The endothelial and
subendothelial layers together form an endocardium. The central layer,
considered the normal myocardial layer, consisted of cardiac muscle. The
muscle fibers appeared long, striated, branched and anastomosed; some
binucleated cells were occasionally observed, with centrally placed nuclei
having prominent nucleoli. The sarcoplasm of cardiac muscle was
eosinophilic, full of parallel contractile myofibrils that consisted of
myofilaments with a very strong cross striated banding pattern. The purkinje
fibers were organized into bundles at the subendocardial region and in
between and surrounding the cardiac muscle bundles. Chordae tendinae also
consisted of three layers; outer endothelial, middle subendothelial and central
fibrous layer.
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Introduction

The right and left atrioventricular orifices in the heart are guarded by tri and bi cusped valves respectively. The
peripheral or basal edges of these cusps are attached to the atrioventricular opening while the central edges are
connected with the ventricle by chordae tendineae by means of papillary muscles. In the left ventricle, the chordae
tendineae are fewer but larger than it in the right ventricle. Contractions of papillary muscles pull the chordae
tendinae, which pull the atrioventricular valves and prevent them from opening towards the atria during the
ventricular systole. These structures are in direct contact with the blood flow and actuate determining the adequate
blood course, participating directly in the myocardial contractile function (Getty, 1975, Nickel et al., 1984; Reece,
2009; Dyce, 2002; Smuts and Bezuidenhout, 1997 and Budras et al., 2003).

The histoanatomical studies on the papillary muscles of heart in domestic animals (Eurell and Frappier, 2006) and
in camel (Ghonimi et al., 2014) are available, but similar studies in buffaloes are not available. Hence, the present
study was undertaken to study the histology of papillary muscles and also the structure and distribution of purkinje
fibers within the papillary muscle of heart in buffaloes.

Materials and Methods

Hearts of six apparently healthy mature buffaloes were collected from the local slaughter houses around Proddatur
and Kadapa for histological studies on papillary muscles. Papillary muscles were dissected immediately from the
hearts and fixed in 10% neutral buffered formalin and routine tissue processing procedures were applied. The tissue
pieces were processed for paraffin sections of 5 to 6-micron thickness and were subjected to haematoxylin and eosin
for routine histomorphology. Masson’s Trichrome method for differentiation of collagen and muscle fibres (Luna,
1968).

Results and Discussion

Histologically, the papillary muscles consisted of three layers; endothelium, subendothelial and myocardial layers
from within outwards (Fig. 1). However, Ghonimi et al. (2014) mentioned two layers, the central (core) myocardium
and the peripheral endocardium in camel. The endothelium externally present was the simple squamous epithelium
that was reflected from the ventricular endothelium. It was supported by the sub endothelial layer which consisted
of loose connective tissue mainly collagen, elastic fibers and adipose tissue. The endothelial and subendothelial
layers together formed an endocardium. This endocardium completely surrounded the papillary muscle in all
directions and acted as the papillary muscles capsule. Similar findings were observed by Gusukuma et al. (2004) in
human and swine, Eurell and Frappier (2006) in domestic animals and Ghonimi et al. (2014) in camel.
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Figure 1: Photomicrograph of papillary muscle of heart of"bl]ffaloes showing endothelium (EN), Subendothelial
layer (SE) and myocardial layer (MC). Haematoxylin & Eosin x 400

The central layer was the normal myocardial layer as in the ventricular wall and the moderator band. In the
longitudinal sections, cardiac muscle appeared long, striated, branched and anastomosed, forming a network and
joined end to end and side to side at intercalated disks, forming the myocardial fibers (Fig. 1). Most of the cardiac
muscle cells possessed only a single, relatively large, oval, ovoid pale-staining, more euchromatic and centrally
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placed nucleus. In cross sections, the cardiac muscle fibers appeared as irregular polygonal cells of various sizes
with a large, round, pale staining, euchromatic, centrally placed, single nucleus. The sarcoplasm of cardiac muscle
was eosinophilic, full of parallel contractile myofibrils. They exhibited a very strong cross striated banding pattern
and the sarcoplasm showed its characteristic striations of alternating dark and light bands. However, some
binucleated cells were occasionally observed, with centrally placed nuclei having prominent nucleoli. These
findings were in agreement with findings of Marei et al. (1994) and Ghonimi et al. (2014) in camel.

The purkinje fibers were present beside the longitudinal cardiac muscle bundles. They were organized into bundles
at the subendocardial region and in between and surrounding the cardiac muscle bundles. These purkinje cells were
round, larger in size than the working cardiac myocytes, showing variety in number and size (Fig. 2). Similar
findings were reported by Satyamoorthy and Ramesh (2008) in horses, Parto et al. (2013) in ostrich, Marei et al.
(1994) and Ghonimi et al. (2014) in camel. However, in human and dog the purkinje cells in the network were
cylindrical or fusiform in shape and arranged in a parallel pattern (Cranefield et al., 1972). In sheep and goat, the
chain of purkinje cells were larger than myocyte and 2-8 oval cells formed these network (Shimada et al., 1992).
The cytoplasm of purkinje cell was pale as it contained very few myofibrils than normal myocardiocytes. It
contained a single, central, large nucleus but was sometimes binucleated with prominent nucleoli. The nuclear
chromatin was dispersed and, in most cases, tended to be condensed peripherally. Similar findings were also
reported by Marei et al. (1994) and Ghonimi et al. (2014) in camel.
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Figure 2: Photomicrogra, papillary muscle of heart of buffaloes showing Purkinje

Chordae tendinae also consisted of three layers, outer endothelial, middle sub endothelial and centrally fibrous
layers, the endothelial layer of papillary muscles extended and continued on the surface of the chordate tendinae,
which was lined by simple squamous epithelium. Under the endothelium sub endothelial layer was present, which
consisted of loose connective tissue mainly collagen and elastic fibers. The endothelial and subendothelial layers
together formed an endocardium. The central core consisted of thick collagen fiber bundles, which ran in parallel
direction. In the entire length of chordate tendinae these collagen bundles were arranged as interrupted bundles (Fig.
3).
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Figure 3: Photomicrograph of showing chordae tendinae (CT) and papillary muscle
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Conclusion

Histologically, the papillary muscles in the heart of buffaloes consisted of three layers; endothelium, subendothelial
and myocardial layer from within outwards. The endothelial and subendothelial layers together formed an
endocardium. The central layer considered as the normal myocardial layer consisted of cardiac muscle. The muscle
fibers appeared long, striated, branched and anastomosed, forming a network and joined end to end and side to side
at intercalated disks, forming the myocardial fibers. The sarcoplasm of cardiac muscle was eosinophilic, full of
parallel contractile myofibrils that consisted of myofilaments. The purkinje fibers present were organized into
bundles at the subendocardial region and in between and surrounding the cardiac muscle bundles. Chordae tendinae
also consisted of three layers, outer endothelial, middle sub endothelial and centrally fibrous layers.
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