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The study of the vascularization of the cerebrum in silver fox was performed on 80
cerebral hemispheres. It was found that the middle cerebral artery is the strongest vessel
supplying blood to the cerebrum. The artery gets divided into ten permanent branches.
Two olfactory arteries supply the region of the cerebrum located on the border between
the old and the new cortex. The other eight supply the region of the new cortex. The frontal,
parietal and temporal branches descended independently from the main trunk of the
middle cerebral artery or formed a common trunk. Common trunks for respective groups
of branches have been described as the anterior, superior and posterior middle cerebral
artery. The alterior olfactory artery in 5% of cases and posterior olfactory artery in 2.5% of
cases were independent branches of the middle cerebral artery extending from the rostral

cerebral artery.

INDEX TERMS: Cerebral artery, silver fox, Vulpes vulpes, brain arteries.

INTRODUCTION

The first authors investigating the arteries of the brain in
animals (Hofmann 1900, Jenke 1919) describe the struc-
ture and variability of the brain base arteries. The authors
of these works mention only that the middle cerebral artery
is one of the cortical branches extending from the arterial
circle of the brain. So far, the literature on brain blood flow
in silver fox one may find publications on the construction
of the brain base arteries (Wiland & Zawadzinska 1996).
The authors of these publications conclude that the middle
cerebral artery is one of vessels separating from the arte-
rial circle of the brain. In other predatory species similar
study was performed in mink (Wiland 1974), in ferrets
(Wiland & Jablonski 1976) and in raccoon dog (Brudnic-
ki et al. 1994). There are publications in which authors
describe the distribution of the middle cerebral artery on
specific branches. Cortical branches of the middle cerebral
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artery in cat were described by Chadzypanagiotis (1975).
Detailed descriptions of the construction and the course of
the cortical branches of the middle cerebral artery in some
predatory species were presented by Wiland (1991). In re-
cent times, there have been numerous works that discuss
the construction of the middle cerebral artery in various
mammalian species. This applies to vessels that expand as
a single branch e.g. in red squirrel (Aydin 2008), in a the
ground squirrel (Aydin et al. 2009), in otter (Skoczylas et al.
2011, 2012) and multiple arteries in domestic pig (Skoczy-
las 2000) and hare (Brudnicki et al. 2015). It was found
that the cortical branches of the middle cerebral artery in
these species come to the same areas of the telencephalon.
The differences occur in the pattern of descent and division
of respective cortical branches of the middle cerebral
artery. The pattern of division of the middle cerebral artery
is affected by how the species has been classified and the
pattern of groove-coverage of the cortex. In mammals on
the surface of the cortex there is a different pattern of sulci,
which can affect the structure of the cortical branches of
the middle cerebral artery (Brauer & Schober 1970). In vast
literature there seem to be missing a paper on the cortical
branches of the middle cerebral artery in silver fox, which is
the main blood vessel supplying the cerebrum. Considering
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the discrepancy resulting from respective descriptions and
considering new studies, one has decided to investigate the
pattern, the division and variation of cortical branches of
the middle cerebral artery in silver fox and to compare the
results with the data reported by other authors.

MATERIALS AND METHODS

Ethics statement. The experiment was conducted at
Department of Animal Morphology and Hunting, UTP University
of Science and Technology, Poland, in compliance with the Ethics
Principles in Animal Experimentation, being approved by the
Ethics Committee on Animal Experimentation (CEUA/CNPSA)
(Protocol #005/2010).

Study design. The research was performed on 40 brains in
silver fox, namely a total of 80 cerebral hemispheres received from
a fax farm at Lachowo. The animal heads were cut off at the height
of the 3rd to 4th cervical vertebrae. The arteries were filled with
latex introduced with medical syringe into the common carotid
artery. The heads were fixed in a 5% formalin solution for 3
months, and then decalcified in hydrochloric acid, the skull cavity
was opened and brains were taken out. The cerebral hemispheres
were photographed and the following were being described: the
anatomy, the division pattern and the course of cortical branches
of the middle cerebral artery.

Statistics. Descriptive analysis was performed and the overall
result shown in figures.

RESULTS

In silver fox the blood is supplied to the brain with internal
carotid arteries (Fig.1a) and vertebral arteries.

The internal carotid artery, having entered the skull
cavity and penetrated the dura mater, bifurcates into the
rostral cerebral artery (Fig.1b) and caudal communicating
artery (Fig.1c) which, together with their symmetrical
vessels form an arterial circle of the brain.

From the initial section of the rostral cerebral artery
towards the cortex there separates the middle cerebral artery.

The middle cerebral artery is the strongest vessel
supplying blood to the cerebrum. The initial section of
the main trunk of the middle cerebral artery goes along
the dorsal surface of the optic tract. Then the section gets
bended around the piriform lobe and goes through its
rostral margin. Further on it runs to the lateral olfactory
sulcus and, having passed it, it gets divided. From the initial
section of the main trunk of the middle cerebral artery
there descend minor central branches supplying blood to
olfactory tracts and the piriform lobe. The main trunk of
the middle cerebral artery gets divided into a number of
cortical branches which run to the specific region of the
cerebral hemisphere, supplying blood to specific regions of
the brain.

The first permanent branches of the middle cerebral
artery which supply both the old and the new cortex are
olfactory arteries.

The anterior olfactory artery (Fig.1-1), having separated
from the main trunk of the middle cerebral artery, runs to
the rostral part of the lateral olfactory sulcus it can ascend
into in various places. Its terminal branches can also
appear again from under the lateral olfactory sulcus and
then ascend under the cortex surface.
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The posterior olfactory artery (Fig.1-2) ascends into the
caudal part of the lateral olfactory sulcus and its terminal
branches supply the area of the cortex found under the
sulcus.

The other branches of the middle cerebral artery supply
the areas of the cortex over the lateral olfactory sulcus. On
the cortex towards the frontal lobe there spread three thick
branches. As the first one there separates the orbital branch
(Fig.1-3) which is located lowest and it goes towards the
region of the Presylvian sulcus where its terminal branches
reach the coronary groove.

The inferior frontal branch (Fig.1-4) vascularizes the
middle part of the frontal lobe. The vessel goes through the
rostral external Sylvian sulcus and the rostral Suprasylvian
sulcus towards the coronary groove it passes towards the
fornix.

The superior frontal branch (Fig.1-5), having separated
from the middle cerebral artery at the height of the rostral
external Sylvian sulcus, goes up to the region of the cruciate
sulcus. The vessel supplies blood to the upper part of the
medial surface of the frontal lobe.

The next vessel which runs towards the parietal lobe
bifurcates into two branches.

The anterior parietal branch (Fig.1-6) runs towards the
middle external Sylvian sulcus to the marginal sulcus. The
terminal twigs of that vessel supply blood to the area of the
cortex found under the ansiform sulcus.

The posterior parietal branch (Fig.1-7) also runs to the
region of the marginal sulcus and further on it branches out
into smaller vessels. Some of them ascend into the medial
Suprasylvian sulcus.

The lateral-posterior surface of the cerebral hemisphere
is supplied by the branches of the middle cerebral artery
which descend from at various heights and they are
referred to as temporal branches.

The superior temporal branch (Fig.1-8) is usually the
strongest cortical branch of the middle cerebral artery and
its further continuation in the area of the cortex. Having left
the Sylvian fissure, it runs towards the middle Suprasylvian
sulcus and further to the upper margin of the cerebral
hemisphere. The branch supplies blood to the upper part
of the cortex.

The middle temporal branch (Fig.1-9) descends a small
distance away from the previous branch. The branches of
that vessel spread towards the external marginal sulcus.
Its terminal branches go onto the surface of the occipital
lobe.

The inferior temporal branch (Fig.1-10) runs to the end
of the caudal external Sylvian sulcus. Having passed the
posterior part of the sulcus, its branches spread towards
the caudal Suprasylvian sulcus. Its terminal branches take
part in the supply of a part of the occipital lobe.

Considering the general pattern of the spread the
cortical branches of the middle cerebral artery in silver fox,
one shall note that respective sections of those branches
can run inside respective sulci, sometimes undergoing
further divisions, always running towards the cortex areas
described. Analysing the pattern of descent of the cortical
branches of the middle cerebral artery in the silver fox
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individuals investigated, it was found that from the rostral
cerebral artery on 74 (92.5%) cerebral hemispheres there
descended a single independent vessel; the middle cerebral
artery. Among them on 16 (20%) hemispheres from the
main trunk of the middle cerebral artery there descended
rostrally a common trunk for the anterior olfactory artery
and for the orbital branch, then a common descend from
the inferior and superior frontal branches. The main trunk
caudally gave rise to the posterior olfactory artery with
a common descent with the anterior temporal branch.
Having ascended into the Sylvian fissure, on the surface
of the cortex it showed a common trunk for anterior and
posterior parietal branches as well as for the middle and
superior temporal branches.

In another 8 (10%) cases there descended rostrally an
independent anterior olfactory artery and a common trunk
for the orbital, anterior and superior frontal branches.
The main trunk got onto the surface of the cerebral cortex
from the Sylvian fissure and formed a common descent for
anterior and posterior parietal branches. Caudally from the
main trunk of the middle cerebral artery, with a common
trunk there separated the superior, middle and inferior
temporal branches, whereas the posterior olfactory artery
got separated independently from the main trunk of the
middle cerebral artery.

On another 14 (17.5%) hemispheres from the main
trunk the following separated rostrally with a common
trunk: the orbital branch, the inferior frontal branch and
the anterior olfactory artery. The caudal branch was the
common trunk for inferior temporal branch and posterior
olfactory artery. The main trunk, having ascended into
the Sylvian fissure, on the surface of the cortex it showed
a common trunk for superior frontal branch, anterior and
posterior parietal branches as well as for the middle and
superior temporal branches.

On another 12 (15%) hemispheres from the main trunk
the following separated rostrally with a common trunk:
the anterior olfactory artery, common trunk for the orbital
branch, the inferior and superior frontal branch. The main
trunk of the middle cerebral artery, having got into the
surface of the cortex, separated a common descent for
anterior and posterior parietal branches. Caudally from the
main trunk the following separated with a common descent:
the inferior, middle and superior temporal branches as well
as an independent posterior olfactory artery.

On yet another 10 (12.5%) cerebral hemispheres from
the main trunk rostrally there separated, with a common
descent, the orbital branch, the inferior frontal branch and
the anterior olfactory artery. The main trunk of the middle
cerebral artery, having got into the surface of the cortex,
gave a common descent for the superior frontal branch,
anterior and posterior parietal branches. Caudally from the
main trunk the following separated with a common descent:
the inferior, middle and superior temporal branches as well
as an independent posterior olfactory artery.

On another 14 (17.5%) cerebral hemispheres from the
main trunk of the middle cerebral artery departed rostrally
the common trunk for the anterior olfactory artery and
for the orbital branch, then a common departure for the

inferior and superior frontal branches. Caudally from the
main trunk there descended the inferior olfactory artery
through the common trunk with the inferior temporal
branch. The main trunk, having descended into the Sylvian
fissure, got onto the surface of the cortex with a common
descent for anterior and posterior parietal branches as well
as the middle and superior temporal branch.

On the other 6 (7,5%) hemispheres it was found that

Fig.1. Diagram of the division of the middle cerebral artery on the
surface of the cortex in silver fox. Anterior olfactory artery
(1), posterior olfactory artery (2), orbital branch (3), inferior
frontal branch (4), superior frontal branch (5), anterior
parietal branch (6), posterior parietal branch (7), superior
temporal branch (8), middle temporal branch (9), inferior
temporal branch (10). Internal carotid artery (a), rostral
cerebral artery (b), caudal communicating artery (c), Sylvian
fissure (d), Presylvian sulcus (e), rostral lateral olfactory sulcus
(f), caudal lateral olfactory sulcus (g), rostral Suprasylvian
sulcus (h), middle Suprasylvian sulcus (i), caudal Suprasylvian
sulcus (j), rostral external Sylvian sulcus (k), middle external
Sylvian sulcus (1), caudal external Sylvian sulcus (m), coronary
sulcus (n), marginal sulcus (o), external marginal sulcus (p).

Fig.2. Independent departure of the alterior olfactory artery
and the main trunk of the middle cerebral artery from the
rostral cerebral artery - right side. Anterior olfactory artery
(1), posterior olfactory artery (2), orbital branch (3), inferior
frontal branch (4), superior frontal branch (5), anterior
parietal branch (6), posterior parietal branch (7), superior
temporal branch (8), middle temporal branch (9), inferior
temporal branch (1).
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Fig.3. Independent departure of the posterior olfactory artery
from the rostral cerebral artery (left side). Anterior olfactory
artery (1), posterior olfactory artery (2), orbital branch (3),
inferior frontal branch (4), posterior frontal branch (5), pari-
etal branches (6,7), temporal branches (8,9,10).

from the rostral cerebral artery there bifurcated two
independent branches of the middle cerebral artery.
Among them in 4 (5%) cases the first independent branch
from the rostral cerebral artery was the anterior olfactory
artery, while the second branch from the rostral cerebral
artery - the main trunk of the middle cerebral artery from
which there descended rostrally independently: the orbital
branch, the inferior and superior frontal branch. Caudally
from the main trunk there separated an independent
posterior olfactory artery and the inferior temporal branch.
The main trunk, having descended into the Sylvian fissure,
got onto the surface of the cortex with a common descent
for anterior and posterior parietal branches as well as the
middle and superior temporal branch (Fig.2).

On yet another 2 (2.5%) brains from the rostral cerebral
artery there descended independently the posterior
olfactory artery. The other independent descent from the
rostral cerebral artery was the main trunk of the middle
cerebral artery from which, rostrally and independently
there separated the alterior olfactory artery and the
common trunk for the inferior and superior frontal branch
and the orbital branch. Caudally from the main trunk there
separated the common trunk for the inferior and superior
temporal branch. The main trunk, having ascended into
the Sylvian fissure, got onto the cortex surface with the
anterior and posterior parietal branches as well as the
superior temporal branch (Fig.3).

DISCUSSION

The middle cerebral artery supplies blood to the greatest
region of the cerebrum. In the silver fox the middle
cerebral artery supplies the same areas of the brain as in
the mammalian species studied so far. The discrepancies
concern mostly its division into respective branches.
Chadzypanagiotis (1975), describing the cortical branches
in cat, differentiated between the branches supplying the
old cortex, the branches on the border of the old and the
new cortex as well as the branches for the new cortex.
In the silver fox the arteries supplying the old cortex are
minor branches onto the piriform lobe and olfactory tracts.
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On the border of the old and the new cortex there are found
the anterior and posterior olfactory arteries. In the silver
fox the anterior olfactory artery in 5% of the cases was a
vessel which descended independently from the rostral
cerebral artery. On the other cerebral hemispheres it was
a vessel which got separated independently from the main
trunk of the middle cerebral artery in 37.5% of the cases.
On the 30% of the cerebral hemispheres it was one of the
branches descending from the common trunk of the middle
cerebral artery which gave rise to the orbital branch and
the inferior frontal branch. In the other 10% cases the
anterior olfactory artery demonstrated a common descent
with the orbital, inferior and superior frontal branches.

The posterior olfactory artery, on the other hand,
in 2.5% of the cases was a vessel which descended
independently from the rostral cerebral artery. On 42.5%
hemispheres it was the vessel descending independently
from the main trunk of the middle cerebral artery. In 27.5%
of the cases the posterior olfactory artery separated with
a common descent with the inferior temporal branch. In
the other 35% hemispheres the posterior olfactory artery
was one of the branches of a common trunk for inferior
temporal branch. In another 20% of the cases it was one
of the branches of the common trunk for the inferior and
middle temporal branches.

The other cortical branches of the middle cerebral
artery can be divided into a group of frontal, parietal and
temporal branches. In the silver fox, similarly as in other
Carnivora species there occur eight main vessels which
supply blood to the area of the new cortex of the cerebrum.

Besides, respective cortical branches can descend from
the main trunk of the middle cerebral artery with a common
descent. Such cases of descent were reported by Wiland
(1991), Skoczylas et al. (2012) as the anterior, superior and
posterior middle cerebral artery. In silver fox the anterior
middle cerebral artery has been presented as a common
trunk for frontal branches and it occurred in 35% of the
cases investigated, the superior middle cerebral artery was
described as a common trunk for parietal branches, which
was observed in 15% of the cases. The posterior middle
cerebral artery as a common trunk for temporal branches
was found in 27,5% of the cases.

In silver fox the superior middle cerebral artery
occurred as the lowest percentage of the cases, however,
here the anterior middle cerebral artery dominated. Making
a comparison of the present results with those reported by
Skoczylas et al. (2012), one can state that also in otter the
superior middle cerebral artery was reported as the lowest
percentage of the cases. In silver fox, similarly as in the
other animal species studied, the parietal branches have
developed poorest. On the surface of the cerebrum the best
developed are the frontal branches of the middle cerebral
artery.

From the description of the structure of the middle
cerebral artery in the publications by Aydin (2008),
Skoczylas et al. (2012), Ozudogru et al. (2012) in the red
squirrel, fallow deer, common fox and cattle (Skoczylas
et al. 2016) one can see that it is usually a single vessel
descending from the rostral cerebral artery. The vessel,
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having passed the lateral olfactory sulcus, gets divided
along its course into respective cortical branches. In the
material investigated such a pattern of division of the
middle cerebral artery was found in 92.5% of the cases. In
silver fox there were identified the cases of descent from the
rostral cerebral artery of two independent arterial trunks
in 7,5% of the cases. The second independent branch from
the rostral cerebral artery was the anterior olfactory artery
in 5% of the cases, the posterior olfactory artery - 2.5%
of the cases and a common trunk of the anterior olfactory
artery with the orbital branch in 2.5% of the cases. In other
mammalian species the presence of two independent
descents of the branches of the middle cerebral artery was
found in raccoon dog (Brudnicki et al. 1994) in 18,6% of
the cases, Skoczylas et al. 2015 - in 5% of cases and in wild
rabbit (Brudnicki et al. 2012) in 36.5% of the cases.

The present research show that observed in silver fox
the division of the middle cerebral artery into the same
branches or their groups, like in the other mammalian
species investigated so far is a result of genetic limitations.
According to Wiland (1980), in the blood supply of the
brain in individuals of particular species, the resource of
genetic information accumulated during the phylogenetic
development is essential.

CONCLUSIONS

The division of the middle cerebral artery into the same
branches or their groups is a result of genetic limitations.

The alterior olfactory artery in 5% of cases and pos-
terior olfactory artery in 2.5% of cases were independent
branches of the middle cerebral artery extending from the
rostral cerebral artery.

In silver fox the superior middle cerebral artery
occurred as the lowest percentage of the cases, however,
here the anterior middle cerebral artery dominated.

The middle cerebral artery is the strongest vessel
supplying blood to the cerebrum and gets divided into ten
permanent branches.

Two olfactory arteries supply the region of the cerebrum
located on the border between the old and the new cortex.

The other eight supply the region of the new cortex.
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