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Background: Since it is critical to understand the anatomy of the coronary arteries
and the anastomoses between them in Akkaraman sheep, the coronary arteries
will be examined using a plastic injection and corrosion technique.

Materials and methods: In our investigation, researchers used 20 Akkaraman
sheep’s hearts collected from slaughterhouses in and near Kayseri, and hearts
from animals aged 2-3 years were included. The anatomy of the coronary arteries
of the hearts was studied by plastic injection and corrosion method. The macro-
scopically examined patterns of the excised coronary arteries were photographed
and recorded.

Results and Conclusions: This approach indicated arterial vascularisation of the
heart in sheep, with a. coronaria dextra and a. coronaria sinistra developing from
the commencement of the aorta. It was determined that a. coronaria sinistra,
after leaving the initial part of the aorta, proceeds to the left and divides into two
branches called r. interventricularis paraconalis and r. circumflexus sinister, forming
a right angle between them, immediately after reaching the sulcus coronarius.
Anastomosis of the branches of r. distalis atrii dextri with the branches of r. inter-
medius atrii dextri and r. ventriculi dextri; anastomosis of a thin branch separated
from r. proximalis atrii sinistri with the branch of r. proximalis atrii dextri running in
the initial part of the aorta,; anastomosis of r. distalis atrii sinistri with r. intermedius
atrii sinistri were detected. In one heart, the r. septalis protruded roughly 0.2 cm
from the beginning of a. coronaria sinistra. (Folia Morphol 2023; 82, 3: 562-567)
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INTRODUCTION

The heart is the most crucial basic building unit
of the body, pumping blood and ensuring proper
circulation. It is critical that the heart is in good health
so that all organs may work effectively and systemat-
ically. Cardiovascular diseases are the leading cause
of death worldwide and in Turkey (http://www.saglik.
gov.tr, 2018). The first two causes of death related

to heart disorders are ischaemic heart disease and
cerebrovascular diseases [23].

Arteria (a.) coronaria dextra and a. coronaria sin-
istra emerge from the ascending aorta to supply the
heart [1-3, 6, 7, 9, 14, 15, 18, 22, 24-26, 31, 33].
A. coronaria dextra originates from the level of the
valvula semilunaris dextra at the initial level of the
aorta [3, 9, 15]. A. coronaria dextra runs between
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the truncus pulmonalis and the auricula dextra, then
to the sulcus coronarius and back as the ramus (r.)
circumflexus dexter [11, 18, 29, 30]. R. circumflexus
dexter yields r. proximalis atrium dextri, r. intermedius
atrii dextri and r. distalis atrium dextri for atrium dex-
trum, and r. coni arteriosi, r. proximalis ventriculi dextri,
r. intermedius atrii dextri and r. distalis atrium dextri
for ventriculus dexter, r. proximalis ventriculi dextri,
r. marginis ventricularis dextri [9, 15, 21, 28, 32, 33].

Arteria coronaria sinistra is a branch of the aorta
that begins slightly above the valvula semilunaris
sinistra [9, 10, 29]. At the level of the sulcus coro-
narius, a. coronaria sinistra separates into r. circum-
flexus sinister and r. interventricularis paraconalis,
making a right angle [5, 18, 20, 30, 32, 33]. The
r. interventricularis paraconalis branches to the rr. sep-
ti interventriculares [12], r. coni arteriosi, r. collateralis
sinister proximalis, and r. collateralis sinister distalis
after its origin [11, 13, 18, 33]. Atria | branches of
r. circumflexus sinister are r. proximalis atrii sinistri,
r. intermedius atrii sinistri, and r. distalis atrii sinistri.
Its ventricular branches are r. proximalis ventriculi
sinistri, r. marginis ventricularis sinistri, and r. distalis
venticuli sinistri [8, 11, 25, 30, 32, 33].

Polyester was employed in our study because it is
abundant in the industry and inexpensive, and sheep's
heart was used since it is accessible and one of the
hearts closest to the human heart. Since it is critical to
understand the anatomy of the coronary arteries and
the anastomoses that connect them, it was decided
to analyse the coronary arteries in Akkaraman sheep
using a plastic injection and corrosion approach.

MATERIALS AND METHODS

This investigation was conducted in accordance
with the principles of the “Ethics Committee,” with
20 Akkaraman sheep'’s hearts procured from butchers
or slaughterhouses in and around Kayseri. After the
animals were slaughtered, the hearts and pericardia
were removed from the thoracic cavity.

The hearts provided for the experiment were
dissected in the laboratory for the plastic injection
process. After the cannula was placed in the aorta,
the solution was prevented from escaping between
the cannula and the aorta by tying the periphery of
the aorta with a thread. Vv. pulmonales were ligated.
The polyester solution was prepared by adding 70%
Polyester resin (Turkuaz Corolla Styrene Monomer
TPY001), 30% Liquidizer (styrene), 2% Accelerator,
4% Freezer, Dye (Red dye) [4, 17].
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After putting the prepared polyester solution into
a 50 mL injector, it was injected into the aorta via the
cannula inserted in the aorta until all of the coronary
arteries were filled. During the injection, the periphery
of the aorta was tied with a thread to prevent the
solution from escaping between the cannula and the
aorta. The hearts were stored at room temperature
during 48-72 hours after the polyester injection to
allow the polyester to harden in the artery. Following
the solidification of the polyester, the hearts were
immersed in 37.5% hydrochloric acid. Hearts were
maintained in hydrochloric acid for a time interval
of 48-72 hours. We observed that vascular integrity
deteriorated in hearts that were kept in hydrochloric
acid for a longer period of time. In this acid, the
tissues were dissolved (corrosion). The collected ma-
terials were washed in tap water to remove any tissue
remnants. As a result, the coronary artery mould was
removed. Macroscopically, the patterns of the excised
coronary arteries were analysed.

Ethical statement

It has been reported in writing by Erciyes Uni-
versity Animal Experiments Local Ethics Committee
(20/045) that this study is not subject to HADYEK's
permission.

RESULTS

The structure and anastomoses of the coronary
arteries in 20 Akkaraman sheep aged 2-3 years and
weighing 60-70 kg were studied. The arterial vascu-
larisation of the heart in sheep was determined to be
given by a. coronaria dextra and a. coronaria sinistra
originating from the beginning of the aorta. An ad-
ditional vessel was discovered at the ostium aortae
level in one heart, originating between a. coronaria
dextra and a. coronaria sinistra on the anterior surface
of the aorta and supplying the anterior side of the
left ventricle (the region where the sulcus interven-
tricularis paraconalis is located). Based on the region
it fed, this branch was named ramus septalis (Fig. 1).

Findings of arteria coronaria dextra

After exiting the aorta, a. coronaria dextra pro-
ceeded to the right and reached the sulcus coronarius,
where it continued as r. circumflexus dexter in the
subepicardial adipose tissue (Fig. 2). A. coronaria
dextra was observed to give r. septalis to feed the
septum interventriculare and r. coni arteriosi to feed
the area where the conus arteriosus is located.
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Figure 1. The branch that separates from the aorta (AO) between
a. coronaria dextra (ACD) and a. coronaria sinistra (ACS); 1 — branch
that separates from the aorta between a. coronaria dextra and
a. coronaria sinistra (Ramus septalis).

Figure 2. Ramus circumflexus dexter (RCD) is terminated by the
formation of . interventricularis subsinuosus; RCS — . circumflexus
sinister; 1 — r. proximalis atrii dextri; 2 — r. intermedius atrii dextri;
3 — . distalis atrii dextri; 4 — r. marginis ventricularis dextri; 5 —
r. distalis ventriculi dextri; 6 — r. intermedius atrii dextri anastomoses
with r. proximalis atrii dextri and r. distalis atrii dextri.

The atrial dextrum was given the names r. prox-
imalis atrii dextri, r. intermedius atrii dextri, and
r. distalis atri dextri (Fig. 2). In 10 hearts, r. proximalis
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atrii dextri anastomoses with branches of r. interme-
dius atrii dextri, and a thin branch of it proceeds from
the beginning of the aorta and anastomoses with
a branch of r. proximalis atrii sinistri. The branches
of r. intermedius atrii dextri that split before com-
ing to margo venticularis dexter anastomoses with
r. proximalis atri dexter, while the branches that di-
vide after passing through margo ventricularis dexter
anastomoses with r. distalis atri dexter (Fig. 2). It was
determined that r. distalis atrii dextri was absent in
one heart. The absence of this vessel was shown to
be nourished by the r. ventriculi dextri, a branch of
the r. interventricularis subsinuosus. The branches
of r. distalis atrii dextri anastomose with those of
r. intemedius atrii dextri and r. ventriculi dextri.

It was discovered that for ventriculus dexter, it
gave r. proximalis ventriculi dextri, r. marginis ven-
tricularis dextri, and r. distalis ventriculi dextri (Fig. 2).
It was observed that r. proximalis ventriculi dextri
dispersed in the middle and proximal regions of the
ventriculus dexter and anastomose with the ventricu-
lar branches of the r. interventricularis paraconalis and
the branches of the r. marginis ventricularis dextri.
R. marginis ventricularis dextri was observed to anas-
tomose with the branches provided by r. proxima-
lis ventriculi dextri, r. distalis ventriculi dextri, and
r. interventricularis paraconalis for ventriculus dexter.
R. distalis ventriculi dextri anastomose with r. interven-
tricularis paraconalis branches for ventriculus dexter.

Findings of arteria coronaria sinistra

After leaving the early segment of the aorta,
a. coronaria sinistra proceeded to the left and reached
the sulcus coronarius. It was discovered that 19 hearts
split into two branches, r. interventricularis paracon-
alis and r. circumflexus sinister, immediately after
reaching the sulcus coronarius, making a right angle
between them. It divided into three branches in one
heart, and the third branch, which emerged between
the r. interventricularis paraconalis and the r. circum-
flexus sinister, was discovered to be the r. proximalis
ventriculi sinistri (Fig. 3).

Ramus circumflexus sinister

The atrium sinistrum was given the titles r. prox-
imalis atrii sinistri, r. intermedius atrii sinistri, and
r. distalis atrii sinistri. In 2 hearts, a thin branch
branching off from the r. proximalis atrii sinistri was
found to anastomose with the branch of the r. prox-
imalis atrii dextri running in the initial part of the
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Figure 3. Division of a. coronaria sinistra (ACS) into three branches;
AS — auricula sinistra; RCS — r. circumflexus sinister; RIP —
r. interventricularis paraconalis; 1 — r. proximalis atrii sinistri; 2 —
r. proximalis ventriculi sinistri; 3 — r. marginis ventricularis sinistri.

aorta. The r. intermedius atrii sinistri and r. distalis
atrii sinistri were found to be absent in one heart,
and the region it fed was identified to be nourished
by the r. proximalis atrii sinistri (Fig. 3).

It was discovered that it was administered to the
r. proximalis ventriculi sinistri, r. marginis ventricularis
sinistri, and r. distalis ventriculi sinistri for ventriculus
sinister. In one heart, a coronaria sinistra was found to
be separated into 3 branches, with the third branch
emerging between r. interventricularis paraconalis
and r. circumflexus sinister being r. proximalis ven-
triculi sinistri. The r. proximalis ventriculi sinistri anas-
tomosis with the r. marginis ventricularis sinistri and
r. collateralis sinister proximalis was determined (Fig. 3).
The r. distalis ventriculi sinistri anastomoses with the
r. marginis ventricularis sinister and r. interventricula-
ris subsinuosus. R. interventricularis subsinuosus gave
a branch called r. ventriculi dextri about 0.3 cm from
its beginning, and this branch anastomosed with
r. distalis atri dextri. It was observed that 1 heart did
not have r. distalis atrii dextri, and this region was fed
by r. ventriculi dextri.

Ramus interventricularis paraconalis

It was determined that the r. coni arteriosi origi-
nating from the r. interventricularis paraconalis anas-
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tomose with the terminal branches of the vein of the
same name separated from a. coronaria dextra. In
addition, r. collateralis sinister proximalis anastomoses
with r. proximalis ventriculi sinistri, r. collateralis sin-
ister distalis anastomose with r. proximalis ventriculi
sinistri, branches given for ventriculus dexter r. prox-
imalis ventriculi districuli deximalis and its branches
for the ventriculus sinister were found to anastomose
with the r. marginis ventricularis sinistri.

DISCUSSION AND CONCLUSIONS

Coronary artery diseases are common in humans
and these vessels are frequently intervened. Sheep are
used as a common model in translational research on
vessels. Therefore, it is valuable to know the coronary
artery anatomy of these animals. In our study, we
benefited from coronary artery studies conducted in
both sheep and humans.

According to Stankovic and Jesic (2004) [28],
a third coronary artery can emerge from the aorta in
humans [27]. An additional vessel was discovered at
the level of the ostium aortae in our investigation,
emerging between a. coronaria dextra and a. coro-
naria sinistra on the anterior surface of the aorta and
feeding the anterior surface of the left ventricle (the
region where the sulcus interventricularis paraconalis
is located). This finding lends credence to the notion
that differences in coronary arteries are widespread.

In our study, it was discovered that a coronaria
dextra gave a thin branch on its dorsal surface at the
beginning of one of the sheep bowls, and this branch
rose on the anterior surface of the aorta. R. marginis
ventricularis dextri was shown to anastomose with
r. proximalis ventriculi dextri and r. distalis ventricu-
li dextri. For ventriculus dexter, r. distalis ventriculi
dextri anastomoses with the branches provided by
r. marginis ventricularis dextri and r. interventricularis
paraconalis. These anastomoses have not been de-
scribed in the literature.

In the human heart [20] and in the African sheep
[16], a coronaria sinistra separates into three branches
[19, 32]. In line with this discovery, it was revealed
in our investigation that it was variably divided into
three branches. There was anastomosis between the
ramus interventricularis paraconalis and the ramus
circumflexus sinister. We have encountered similar
anatomical variations that have been seen before.
Therefore, we used similar nomenclatures in the litera-
ture in our study, since we did not observe a different
vessel finding for the first time.
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A thin branch originating from the dorsal surface
of 2 (10%) hearts was shown to rise above the aor-
ta 0.2 cm following the beginning of a. coronaria
sinistra. There was no such finding in the literature.
It has been determined that r. distalis atrii sinistri
anastomoses with r. intermedius atrii sinistri, which
was not previously discovered in the literature.

As a consequence, the coronary arteries supplying
the hearts of Akkaraman sheep were identified, as
well as the anastomoses between them. This study,
which determines the anastomoses connecting the
coronary arteries of Akkaraman sheep, is expected to
contribute to anatomical studies by filling a gap in the
literature. From this point of view, the anastomoses of
the branches of r. distalis atrii dextri with the branches
of r. intermedius atrii dextri and r. ventriculi dextri,
which have not been reported in the literature so far
and were detected for the first time in sheep with our
study, anastomoses of r. distalis ventriculi dextri with
r. marginis ventricularis dextri and r. interventricu-
laris paraconalis branches for ventriculus dexter, in
2 hearts, the anastomoses of a thin branch separated
from the r. proximalis atrii sinistri with the branch of
the r. proximalis atrii dextri running in the beginning
of the aorta and the anastomoses of the r. distalis
atrii sinistri with the r. intermedius atrii sinistri may
contribute to the literature. Castration of coronary
vessels can also help in model building for educational
purposes. As a result, it has been determined that it
may aid in better recognizing coronary anastomoses
and progressing in the resolution of heart disorders.
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