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ABSTRACT

In mammals, the sinus node and atrioventricular node are defined as the heart's specific
stimulus and conduction systems. The electrical stimulation that starts in the sinus node
continues with the atrioventricular node, and the rhythmic stimulation occurs in this
way. There are differences in the sinus and atrioventricular nodes' location, size, and cell
structures between species. In this study, which was carried out to determine the
morphological structures and locations of the sinus and atrioventricular nodes in Saanen
goat hearts, nine hearts from healthy goats were used. After performing the routine
tissue follow-up procedure for histological examinations, 5 um-thick serial sections
taken from paraffin-blocked samples were stained with Crossman Trichrome and
Periodic Acid Schiff (PAS) and photographed. It was determined that the sinus node was
in a subepicardial position near where the cranial vena cava opens up to the right
atrium. The sinus node, with an average length of 8-10 mm was crescent-shaped. The
atrioventricular node was located in the subendocardium layer in the right half of the
interatrial and the interventricular septum, where the coronary sinus opened into the
right atrium. An atrioventricular node with an average length of 4.5-5 mm was observed
to be roughly oval. Two types of cells were identified in both nodes: cells with small,
rounded with empty cytoplasm and rather large nuclei, and cells with thin, elongated
structures and darker staining.
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Introduction

The heart has a sinus node, an atrioventricular node,
and many conduction pathways, which provide its
stimulation and conduction system (Pawlina and Ross,
2018; Wiyarta and Karima, 2022). Electrical impulses
are produced in the sinus node (Keith-Flack) (Ambesh
and Kapoor, 2017; Lang and Glukhov, 2018; Treuting et
al.,, 2017; Wiyarta and Karima, 2022). The impulse
starting from the sinus node spreads along the
internodal tracts consisting of the muscle fibers of the
atria and modified cardiac muscle fibers and collects in
the atrioventricular node (Aschoff-Tawara) (Pawlina
and Ross, 2018). They are transmitted to the septum
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interventricular via the His bundles originating from
the atrioventricular node. These bundles pass through
the fibrous skeleton of the heart and divide into right
and left branches at the interventricular septum
(Pawlina and Ross, 2018; Wiyarta and Karima, 2022).
The last branches of these bundles, divided into two,
are Purkinje fibers (rami subendocardial) in the
endocardium layer (Pawlina and Ross, 2018; Wiyarta
and Karima, 2022).

While the sinus node is found where the cranial
vena cava opens into the right atrium and below the
epicardium in ruminantia (Ghazi and Tadjalli, 1996;
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Ghonimi et al.,, 2015; James, 1965; Nabipur et al,,
2000; Tirkmenoglu et al., 2017), horses (Bishop and
Cole, 1967) and carnivores (Ghazi et al., 1998; James,
1962), it is located in the more caudal part of the
terminal sulcus below the epicardium in guinea pigs
(Nabipour, 2004) and rabbits (James, 1967a). In the
horse (Bishop and Cole, 1967), dog (James, 1962), goat
(Nabipur et al., 2000), and camel (Ghazi and Tadjalli,
1996; Ghonimi et al.,, 2015), the sinus node is
surrounded by a connective tissue capsule. The cells in
the node, which has a rich connective tissue matrix,
are small, pale, and contain fewer sarcomeres and
mitochondria than atrial muscle cells (Dobrzynski et
al., 2013). These cells are P and T cells (Duan et al.,,
2012; Ghazi and Tadjalli, 1996; Ghonimi et al., 2015;
Nabipour, 2012; Nabipur, 2002). P cells are called
different names such as perinuclear clear zone,
pacemaker, pale cell, and nodal cell. They are oval-
shaped cells with light-colored cytoplasms and with
getting together can be seen as a bunch of grapes
(Duan et al., 2012; James, 1965; Mitrofanova et al.,,
2018). Impulses produced by P cells are believed to be
delivered to the myocardium via T cells (James,
1967b). T cell with longitudinal course stains darker
than P cell (Merideth and Titus, 1968; Nabipur, 2002).
In some studies (Ghonimi et al., 2015; Mitrofanova et
al., 2018), different from these cells (P and T cells)
Purkinje-like cells are also mentioned. Purkinje-like
cells are large cells located at the periphery of the
node (Ghonimi et al., 2015; Mitrofanova et al., 2018).
Numerous fibroblasts, nerve tissue, and capillaries are
seen in the interstitium between P and T cells (James,
1977).

In domestic mammals such as goat (Nabipur,
2002), cattle (James, 1965), sheep (Frink and Merrick,
1974), vyak (Duan et al, 2017) and buffalo
(Tirkmenoglu et al., 2017), the atrioventricular node is
located where at the junction of the interatrial septum
and the interventricular septum, on the right side of
the interatrial septum, at the end of the septal cusp of
the tricuspid valve, anterior to the coronary sinus and
under the the subendocardium. The cells in this node
are similar to the cells in the sinus node, and only His
bundles surrounded by connective tissue are observed
in the continuation of the atrioventricular node (Duan
et al., 2017; Turkmenoglu et al., 2017). Purkinje fibers,
which are smaller branches of the His bundles,
distribute in the muscle layer of the right ventricle and
left ventricle (Pawlina and Ross, 2018). Purkinje fibers
provide rapid spread of electrical conduction in the
right ventricle and left ventricle wall and contraction of
both ventricles (Pawlina and Ross, 2018).

The morphological structure of the sinus node and
atrioventricular node in many domestic mammals has
been studied (Duan et al., 2017; Duan et al., 2012;

George et al., 2017; Ghonimi et al., 2015; James, 1964,
1965; Nabipour, 2004, 2012; Nabipur et al., 2000;
Tirkmenoglu et al., 2017). In the literature review, no
information was found about the location and
structure of these nodes in Saanen goat hearts.
Therefore, with this study, it is aimed to determine the
localization and morphological structure of the nodes
mentioned in Saanen goat hearts in detail and to
contribute to the anatomy literature.

Materials and Methods

In this study, a total of nine healthy Saanen goat
hearts taken from the animal slaughterhouse were
used. After the hearts were fixed in 10% formaldehyde
solution, a routine tissue follow-up procedure was
performed on the samples and embedded in paraffin.
Serial sections of 5 um thickness were taken from the
embedded samples with a Leica (RM2125RT Leica,
Wetzlar, Germany) microtome. Then these sections
were stained with Crossman Trichome and Periodic
Acid  Schiff (PAS) (Luna, 1968). Histological
examinations were performed using the Nikon Eclipse
E600W (Nikon, Tokyo, Japan) light microscope, and
microscopic photographs were taken with the Nikon
DS Camera Head DS-5M imaging system.

Results

The localization and morphological structures of the
sinus node and atrioventricular node, located in the
heart-specific stimulation and conduction system,
were determined. The sinus node was located at the
lateral wall of the atrium, on the terminal crest, near
the opening of the cranial vena cava to the right
atrium, and in the subepicardial (Figure 1A). The mean
length of the sinus node, which was observed as a
crescent-shape in the subepicardial, was 8-10 mm
(Figures 1B, 2A).
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Figure 1. (A) Localization of the sinus node. The where
cranial vena cava (cvc) opens into the right atrium, pectinate
muscle (pm), sinus of vena cava (svc) and sinus node
(dashed lines). (B) A histological view of the sinus node.
Epicardium layer (a), endocardium layer (b), terminal crest
(TC), pectinate muscle (PM), and sinus node (area delimited
by dashed lines), 2X objective magnification (Crossman
trichrome).
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Figure 2. (A) A histological view of the sinus node.
Epicardium layer (a), endocardium layer (b), pectinate
muscle (PM) and sinus node (*), 4X objective magnification,
(Crossman trichrome). (B) Different cell groups in the sinus
node. Cell group | (arrow), cell group Il (arrowhead), 40X
objective magnification, (Crossman trichrome).

In histological examination, different cell groups were
observed in the sinus node as well as structures such
as connective tissue and nerve tissue (Figures 3A, 3B).
One of these groups (cells group 1) was cells with
pretty large nuclei, which were small, round and had
an empty cytoplasm (Figures 2B, 3A, 3B). These cells,
in coming together in some places, were observed in a
bunch of grapes shape (Figures 2B, 3B). The other cell
group (cell group Il) was elongated and darkly stained
cells (Figures 2B, 3A, 3B). There was no intercalated
disc in these cells. The connective tissue observed in
the sinus node was densely located among the cells
mentioned above. Arteriola and peripheral nerve
fibers were found in the periphery of the node.

Figure 3. (A, B) Different cell groups in the sinus node, cell
group | (arrow), cell group Il (arrowhead), A: (Crossman

trichrome) 40X objective magnification. B: (PAS) 20X

objective magnification.

The atrioventricular node was located in the area
extending from where the opening of the coronary
sinus to the right atrium in the subendocardium to the
junction of the interatrial septum and interventricular
septum (Figure 4A). It was determined that this node
was oval in shape at the base of the septal cusp of the
tricuspid valve and had an average length of 4.5-5 mm
(Figure 4B).
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Figure 4. Localization of the atrioventricular node (A).
Caudal vena cava ostium (cvco), coronary sinus ostium (cso),
interatrial septum (lAS), interventricular septum (IVS),
septal cusp (tricuspid valve) (SC), right ventricle (RV). Where
atrioventricular node is found (dashed lines). Histological
view of the atrioventricular node. (B) Atrioventricular node
(area delimited by dashed lines), os cordis (OC), interatrial
septum (lAS), interventricular septum (IVS), 2X objective
magnification, (Crossman trichrome).

Cell groups residing in the sinus node were also found

in the dense connective tissue layer of the

atrioventricular node (Figure 5). Peripheral nerve

fibers and a few arterioles were located around this

node, as in the sinus node.
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view of the atrioventricular
node. Atrioventricular node (*), os cordis (OC),
interventricular septum (IVS), 4X objective magnification,
(Crossman trichrome). (B) Different cell groups in the
atrioventricular node. arrow: cell group |, arrowhead: cell
group I, 40X objective magnification, (Crossman trichrome).

His bundles were observed in the subendocardium
layer of the interventricular septum after the
atrioventricular node (Figures 6A, 6B). This structure
consisted of interconnected light-colored and large
cells surrounded by connective tissue.

Discussion

The conduction pathways originate from the sinus
node (pacemaker) and atrioventricular node and
spread to the heart for the heart's unique warning and
conduction system (Pawlina and Ross, 2018). In
domestic mammals, there are many studies on the
location and macro anatomical structure of these
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Figure 6. (A) Histological view of his bundles. His bundle

(*), os cordis (OC), interventricular septum (IVS), 2X
objective  magnification, (Crossman trichrome). (B)
Transition from the atrioventricular node to His bundles (*).
10X objective magnification, (Crossman trichrome).

histological appearance (Duan et al.,, 2017; Ghazi and
Tadjalli, 1993; Ghonimi et al.,, 2015; Nabipour, 2012). In
previous studies, it has been stated that the location of the
sinus node in cattle (James, 1965), goats (Nabipur et al.,
2000), camels (Ghazi and Tadjalli, 1996; Ghonimi et al.,
2015), horses (Bishop and Cole, 1967), dogs (James, 1962),
cats (Ghazi et al., 1998), water buffalo (Tirkmenoglu et al.,
2017), and humans (Perde et al., 2016; Sanchez-Quintana et
al., 2005) is at the cranial vena cava opening into the right
atrium below the epicardium. This node is located in the
caudal part of the terminal sulcus below the epicardium in
guinea pigs (Nabipour, 2004) and rabbits (James, 1967a).
The localization of sinus node in the Saanen goat was found
to be similar to those of the above-mentioned species,
except for guinea pigs and rabbits. The length of sinus node,
which has different sizes among species, is specified as 2.75
mm in female cats (Ghazi et al., 1998), 2.78 mm in male cats
(Ghazi et al.,, 1998), 10-20 mm in humans (Perde et al.,
2016) or 15 mm (Merideth and Titus, 1968), 4 mm in guinea
pigs (Opthof et al., 1987), 12.75 mm in goats (Nabipur et al.,
2000), 3 mm in ferrets (Truex et al., 1974), 0.5-0.8 mm in
rabbit (James, 1967a), 28.25 mm in camel (Ghazi and
Tadjalli, 1996), and 18 mm in buffalo (Tirkmenoglu et al.,
2017). In the study, the length of the sinus node was
observed to be between 8-10 mm on average and was
smaller than the lenght reported by Nabipur et al. (2000) in
goats.

It has been reported that the surrounding of the sinus
node consists of a collagen framework in horses (Bishop and
Cole, 1967), dogs (James, 1962), goats (Nabipur et al., 2000),
and camels (Ghazi and Tadjalli, 1996; Ghonimi et al., 2015).
In this study, connective tissue was seen in the sinus node
but did not form a clear border around the node. The shape
of the sinus node has been reported to be oblong or spindle
-shaped in the dog (James, 1962), elongated or bent oblong
in the camel (Ghonimi et al., 2015), and almost triangular in
the cat (Ghazi et al., 1998). This node was observed to be
crescent-shaped in Saanen goats. It is stated that there is an
artery responsible for the arterial nutrition of the same
node, and this artery's location varies according to the
species. The artery of a sinus node is located in the center of
the node in dogs (James, 1962), horses (Bishop and Cole,
1967), camels (Ghazi and Tadjalli, 1996), and humans

(James, 1977; Merideth and Titus, 1968; Perde et al., 2016;
Sanchez-Quintana et al.,, 2005). In cattle (James, 1965),
buffalo (Tirkmenoglu et al., 2017), sheep (Copenhaver and
Truex, 1952), and goats (Nabipur et al., 2000), no artery has
been found in the node's center, while arterioles have been
determined around the node. This situation was consistent
with our findings in Saanen goats.

In the literature (Ghonimi et al.,, 2015; James et al.,
1966; Nabipur et al., 2000; Tirkmenoglu et al., 2017), it has
been stated that there are different cells in the structure of
both nodes. It has been reported that the cellular structure
of the sinus node consists of pale staining cytoplasm and
round-oval shaped P (perinuclear clear zone) cells, darker
staining, and longitudinally courses T (transitional) cells, and
pale staining atrial muscle cells (Ghonimi et al., 2015; James
et al., 1966; Nabipur et al., 2000; Turkmenoglu et al., 2017).
The cell group | and Il seen in the sinus node of the Saanen
goat were similar to P and T cells mentioned in the
literature, respectively. The collection of some cells in group
| cells in the form of grape bunches was consistent with
what Duan et al. (2012) and Nabipour (2012) reported
about P cells. Other than these cells, Mitrofanova et al.
(2018) have also mentioned the existence of Purkinje-like
cells in humans and stated that these cells are considerably
larger than P cells. These cells were not found in Saanen
goats. It was observed that the modified muscle cells in the
sinus node of the studied animals did not have intercalated
discs. This was consistent with that reported in humans
(James, 1961), cats (Ghazi et al., 1998), dogs (James, 1962),
horses (Bishop and Cole, 1967), camels (Ghazi and Tadjalli,
1996), and cattle (James, 1965). While many nerve fibers are
found in and around the sinus node in cats (Ghazi et al.,
1998), horses (Bishop and Cole, 1967), dogs (James, 1962),
and humans (James, 1961), it is observed that nerve fibers
around the node in cattle (James, 1965) and camels (Ghazi
and Tadjalli, 1996) are similar to our study.

The location of the other node of the heart, the
atrioventricular node, differs between species. In goats
(Nabipur, 2002), cattle (James, 1965), and sheep (Frink and
Merrick, 1974), vyak (Duan et al., 2017), buffalo
(Tarkmenoglu et al., 2017), and human (Titus et al., 1963), it
is stated that the border of an atrioventricular node is at the
right side of the interatrial septum, above the septal cusp of
the tricuspid valve, anterior of the coronary sinus and
located in the subendocardium. Researchers reported that
in hedgehogs (Nabipour, 2010) and sheep fetuses
(Nabipour, 2007), the atrioventricular node is located in a
position similar to the above literature. The only difference
is that the node extended to the aorta in these animals. The
location of the atrioventricular node in the Saanen goat was
consistent with what has been reported in the literature
except for hedgehog and sheep fetuses (Duan et al., 2017;
Frink and Merrick, 1974; James, 1965; Nabipur, 2002; Titus
et al., 1963; Turkmenoglu et al., 2017). The length of an
atrioventricular node is 7.5 mm in humans (Titus et al.,
1963), 9 mm in buffalo (Turkmenoglu et al., 2017), 2 mm in
weasels (Truex et al., 1974), 4.23 mm in goats (Nabipur,
2002), 2.2-4.5 mm in the yak (Duan et al., 2017), 0.13 mm in
the sheep fetus (Nabipour, 2007), and approximately 2 mm
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node varied between 4.5-5 mm. In our study, the cell
diversity in the atrioventricular node and the cell
configuration in the sinus node were similar and consistent
with what was reported by and Duan et al. (2017).

The shape of the atrioventricular node, which varies
between species, is ovoid in the cattle (James, 1965), oval in
the hedgehog (Nabipour, 2010), roughly oval or fan-shaped
in the human (Titus et al., 1963), roughly oval in the yak
(Duan et al.,, 2017), elongated oval-shaped in goats
(Nabipur, 2002), and almost spherical-shaped in sheep
fetuses (Nabipour, 2007). In the current study, the shape of
the atrioventricular node was observed to be roughly oval.
While the nerve fiber density in the atrioventricular node is
reported to be low in humans (Titus et al.,, 1963), guinea
pigs (Nabipour, 2004), and dogs (James, 1964), it was
observed in our study that nerve fiber was quite dense as in
cattle (James, 1965), goats (Nabipur, 2002), and yaks (Duan
et al., 2017). Duan et al. (2017) reported that intercalated
discs were not observed in the yak atrioventricular node,
while James (1965) mentioned the presence of ganglia
around the node in cattle. The absence of intercalated discs
and peripheral nerve fibers around the node was detected
in Saanen goats. It is mentioned that the His bundle, seen in
the continuation of the atrioventricular node, consists of
cells connected by chain style, surrounded by connective
tissue (Duan et al.,, 2017; Machida et al.,, 2005). The
appearance of her bundles in the present study was
consistent with the abovementioned literature (Duan et al.,
2017; Machida et al., 2005). The transition between His
bundles and the node could not be determined.

Conclusion

The localization of the sinus node, one of the nodes of the
special conduction system of the heart, was determined to
be subepicardial near the opening of the cranial vena cava
to the right atrium. The other node, the atrioventricular
node, was located subendocardial on the right side of the
interatrial septum and interventricular septum, where the
coronary sinus opened to the right atrium. The absence of
an artery in the center of the oval-shaped atrioventricular
node and the crescent-shaped sinus node was noted. The
cellular configuration of the sinus node, which varies
between 8-10 mm in length, and the atrioventricular node,
which varies between 4.5-5 mm in length, was similar and
consisted of P, T, and atrial muscle cells. This study, in which
the length, position, and cellular structure of the
atrioventricular node and sinus node were determined, was
carried out for the first time in Saanen goats. We think that
the obtained data will contribute to the veterinary anatomy
literature.
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