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A B S T R A C T

Introduction: Brain is one of the most metabolically active organs of the mammalian body receiving

adequate blood supply, which is essential to maintain the glucose and oxygen levels. This demand is

derived from circle of Willis (CoW) and its arterial anastomosis at the base of the brain.

To describe the arteries contributing to the formation of CW in sheep brain and to compare it with

that of human. Sheep circle of Willis forms an animal model for undertaking further studies on blood

supply of certain cranial nerves.

Materials and methods: In present study, 20 formalin fixed human brains from the Department of

Anatomy, Mamata Medical College and 20 fresh sheep brains from local slaughterhouse were obtained.

Sheep brain was removed as per the human brain removal procedure, and circle of Willis was studied by

Radiological study.

Results: In sheep a well-developed four-sided arterial rete called ‘Rete Mirabile cerebri’ (RMC) was noted

at the base of the brain in inter-peduncular fossa. Internal carotid arteries were either vestigial or absent

in sheep. Two emergent arteries arising from steady pool of blood from RMC entered the inter-

peduncular fossa. These arteries ascended on either side of infundibulum of pituitary gland and then

diverged in cranial and caudal directions to form the Circle of Willis.

� 2016 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of Anatomical Society of India.
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1. Introduction

The circle of Willis, Willis’ circle, loop of Willis, cerebral arterial
circle, and Willis polygon is a circulatory anastomosis that supplies
blood to the brain and surrounding structures. It is named after
Thomas Willis (1621–1675), an English physician.1

The brain is particularly susceptible to increased temperature
(hyperthermia). To protect the brain from any potential heat stress
a number of species have developed protective mechanisms with
the ability to selectively cool the brain. This protective system is
often referred to as the Rete Mirable2 (in animals).

In humans blood supply to the brain is provided by four arteries,
two vertebral, and two internal carotid arteries. The branches of
these arteries anastomose at the base of the brain around the inter-
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peduncular fossa forming a six-sided polygon of arteries called
circulus arteriosus.3 The main blood vessels of the brain and their
principal branches lie in the subarachnoid space between the
arachnoid and pia mater and smaller vessels ramify on the
piamater before sinking in to the substance of the brain.4

In sheep common carotid artery usually divides in the
retromandibular space at the cranial part of the neck, ventral to
first cervical vertebra (Atlas). It divides either in to three branches,
i.e. external carotid artery, internal carotid artery, and occipital
artery (or) in to two branches with disappearance of internal
carotid artery in ruminants.5

Internal carotid artery is not well developed in sheep brain.
Internal maxillary artery, which is a branch of external carotid
artery, contributes to the formation of circle of Willis via the
anatomosing ramus. In this situation the basilar artery carries
blood away from the circle of Willis (unlike in man). The carotid
rete is an intracranial arterial plexus that consists of a large
number of short, thin, and parallel arteries that merge into one
vessel before leaving the cavernous sinus.6
f Anatomical Society of India.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jasi.2016.08.006&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jasi.2016.08.006&domain=pdf
http://dx.doi.org/10.1016/j.jasi.2016.08.006
mailto:deepthisimhadri.12@gmail.com
http://www.sciencedirect.com/science/journal/00032778
www.elsevier.com/locate/jasi
http://dx.doi.org/10.1016/j.jasi.2016.08.006


Fig. 2. After cutting the carotid rete identify the emergent artery divides in to cranial

and caudal branches. EA, emergent artery; CRB, cranial branch; CUB, caudal branch;

BA, basilar artery.

Fig. 1. Rete Mirable Cerebri in sheep lies on either side of pituitary gland, CR, carotid

rete.
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Emergent artery arises as a single trunk on either side of the
carotid rete and divides in to cranial and caudal primary branches.
The cranial primary branch gives origin to middle cerebral and is
continued as cranial cerebral artery. Caudal primary branch
traverses backward to give rise to caudal cerebral artery and
cranial cerebellar artery. Caudal primary branch continues inward
at midline joining the corresponding branch of the opposite side to
form basilar artery in the lower part of the midbrain. The union of
cranial primary branches and caudal primary branches of opposite
side formed a complete circle termed as circle of Willis.7

The arrangement of the arteries forming the circle of Willis
creates redundancies or collaterals in the cerebral circulation. If
one branch of the circle becomes blocked (or) stenosed blood flow
from the other blood vessels can often preserve the cerebral
perfusion well enough to avoid the symptoms of ischemia.8

2. Aim and objectives

1) To describe arteries contributing for the formation of the circle
of Willis in sheep brain.

2) To compare the formation of circle of Willis between human and
sheep brain.

3) To find out the effectiveness of Sheep brain model for human
brain experiments.

3. Material and methods

3.1. Material

20 formalin fixed human brains from the department of
anatomy Mamata Medical College, Khammam, 20 fresh sheep
brains from local slaughterhouse.

3.2. Method

1) Dissection method
2) Injecting contrast material
3) Radiological Method

3.3. Procedure

Sheep heads were washed under the running tap water to
remove the debris. 10% formalin were injected in to right and left
common carotid arteries after flushing with normal saline.

Brain removal was done by sawing the calvaria manually 1 cm
above the supraorbital margin anteriorly and basilar part of
occipital bone posteriorly. In neck region after removing the
muscle mass, lamina was chiseled up to 4th cervical vertebra.

Brain was removed along with dura mater (meningeal layer and
endosteal layer) to prevent the injury to the arteries. 2% eosin 1 ml
and 9 ml of distilled water was injected in to basilar artery to
observe the fine capillaries after cutting endosteal layer of
duramater of sheep brain.

Formation of circle of Willis was observed in both human and
sheep brains. Photographs were taken by digital camera (Figs. 1–5).

5 ml of Iopomidal and 5 ml of distilled water were injected in to
basilar artery after cutting the endosteal layer in both human and
sheep brains for radiological study.

4. Discussion

Sulman Rahmat, reported modifications in carotid and vertebral
artery sources. These modifications include reduction or elimina-
tion of either the internal carotid or vertebral arteries, along with a
variety of anastomotic connections between branches of internal
carotid branches and those of the external carotid, stapedial, and
their cranial arteries.9

Parmeggiani noted that in species like sheep, cat, goat the
carotid blood supply to brain is thermally conditioned prior to
formation of circle of Willis by countercurrent heat exchange
between carotid rete and venous sinuses.10

Baldwin described the basilar artery in both sheep and ox
having tenuous connections with the vertebral. In both species, the
basilar artery tapers caudally and is continued as the ventral spinal
artery. Hence basilar artery was regarded as a caudally directed
branch of the circle of Willis in both these animals. A well-
developed occipito-vertebral anastomosis was reported as marked
feature of the cephalic circulation in both sheep and ox.11

According to Ashwini12,13 circle of Willis in sheep was complete
due to anastomosis between the two cerebral arteries. This
compensation may provided by nature prevents the discrepancy of



Fig. 4. Circle of Willis in Human brain. ICA, internal carotid artery; MCA, middle

cerebral artery AICA, antero inferior cerebellar artery; VA, vertebral artery; ASA,

anterior spinal artery; BA, basilar artery; SCA, superior cerebellar artery; PCA,

posterior cerebral artery.

Fig. 3. Circle of Willis in sheep brain. ACA, anterior cerebral artery; MCA, middle

cerebral artery, ACoA, anterior communicating artery; OC, optic chiasma; IC,

infundibular recess of III ventricle; CUB, caudal cerebral artery.
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blood supply to frontal lobe. This is essential because in man
frontal lobe is the seat of higher functions like intelligence,
memory, skilled movements, and social behavior differentiating
mankind from animals.

According to literature the exact location of the carotid rete in
mammals was on both sides of the pituitary gland with cranial
extension up to orbital foramen and caudal extension up to oval
foramen.13,14

Skipor reported Carotid rete as a complex network of arteries
and veins lying very close to each other and depends on counter
Fig. 5. X-ray image of circle of Wil
current blood flow between arterioles and venules. It exchanges
heat and ions between vessel walls. The counter current
mechanism helps to controlling the temperature of blood.16

According to Danial the rete is present bilaterally and there is a
variable degree of communication across the mid-line with the
rete of the opposite side.17

In humans cortical arterial branches traverse over long distance
(up to 20 cm) within the subarachnoid space. They are thin-walled
vessels with diameters similar to those of the carotid rete of other
species. Because of the structural similarities to the carotid rete
cortical arterial vessels are thought to have highly effective CSF-
arterial thermal interaction.18

In our study, branches of internal maxillary artery are
contributing for the formation of circle of Willis in sheep brain.
In human both carotid and vertebral arteries are forming the circle
of Willis.
lis in sheep and human brain.



Table 1
Differences in formation and branching pattern of circle of Willis between human and sheep.

Brain Formation Anterior

communicating

artery

Basilar artery

formation

Direction of basilar artery Anastomosis Ventral (or) anterior

spinal artery

Human Internal carotid

and basilar

Single vessel Union of two vertebral

arteries

Runs toward the circle

of Willis

Vertebral and carotid

systems

Medial side of two

vertebral arteries

Sheep Internal maxillary

artery

Network Is a branch of circle

of Willis

Away from circle of Willis Occipito vertebral

artery

Basilar artery continues

as ventral spinal artery

Table 2
Territories supplied by different branches of circle of Willis in human and sheep.

Brain Forebrain Mid brain Hind brain

Human Internal carotid system Branches of anterior choroidal, posterior cerebral arteries Vertebro basilar system

Sheep Cranial primary branch of emergent artery Caudal primary branch of emergent artery Branches of basilar artery
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5. Conclusion

In sheep well developed carotid rete along with degeneration of
internal carotid artery acts as a thermo regulator.

In human and sheep main difference is internal carotid and
vertebral systems provides the blood supply to human brain, in
case of sheep internal maxillary artery contributes the blood
supply to most of the sheep brain caudally by the occipito vertebral
anastomosis (Tables 1 and 2).18–20

The present study being a comparative one provides a base for
further investigative and advanced dynamic studies, as a detailed
morphology of circle of Willis regarding its formation has been
done extensively. This study creates a success models for cerebral
ischemic research and source of blood supply of certain cranial
nerves.

6. Results

6.1. Formation of carotid rete

External carotid artery gives a terminal branch, i.e. internal
maxillary artery and superficial temporal artery. The internal
maxillary artery gives meningeal and condylar branches.
Meningeal branches enter the cranial cavity through the foramen
oval, condylar branches enters the cranial cavity through the
orbitoforamen rotundum. These arteries unite forming the
carotid rete.
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