
Veterinarni Medicina, 54, 2009 (11): 537–542 Original Paper

537

The morphology of the circulus arteriosus cerebri  
in the ground squirrel (Spermophilus citellus)
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ABSTRACT: In this study, the circulus arteriosus cerebri of the ground squirrel (Spermophilus citellus) was 
investigated. Five ground squirrels were used as subjects. Coloured latex was injected from the left ventriculi of 
the hearts of all the squirrels. When the vertebral arteries of two of the animals were ligatured, it was found that 
there was no internal carotid artery. After careful dissection, the circulus arteriosus cerebri (the circle of Willis) 
was investigated. The right and left vertebral arteries gave rise to the caudal cerebellar artery before forming the 
basilar artery. The basilar artery formed the caudal communicans artery that was the caudal part of the circulus 
arteriosus cerebri on the pontocrural groove (sulcus pontocruralis). The caudal, medial, rostral cerebellar, the 
common root formed by the caudal cerebral and choroid arteries, the rostral choroid, the rostral and medial cer-
ebral arteries arose from the vertebral, basilar and caudal communicans arteries and dispersed to the cerebrum 
and cerebellum from caudal to cranial. The termination and the branches of the rostral cerebral artery in ground 
squirrels varied. It was observed that the internal carotid artery does not supply the circulus arteriosus cerebri 
in ground squirrels.
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The rodents (Rodentia) which are the widest 
order of placental mammals, comprise more than 
half of all described mammals. The ground squir-
rels (Spermophilus citellus) are representatives of 
the Sciuridae family that constitutes a group of the 
order Rodentia (Karol, 1963; Weichert, 1970; Kuru, 
1987; Demirsoy, 1992).

There have been many investigations on the vas-
cularisation of the arteries which supply blood to 
the brain. Studies have been carried out in rats 
(Brown, 1966; Green, 1968), rats and mice (Firbas 
et al., 1973), mouse (Cook, 1965; Wiland, 1974; 
Szczurkowski et al., 2007), Guinea pigs (Ocal and 
Ozer, 1992), Guinea pigs and rabbits (Popesko et al., 
1990), rabbits (Brehmer and Beleites, 1988), dogs 
(Miller et al., 1964), cats (McClure et al., 1973), 
porcupine (Aydin et al., 2005), Red squirrels (Aydin, 
2008), Mongolian gerbils (Klachinka et al., 2008) 
and mole-rats (Aydin et al., 2008). According to 
our knowledge there are no investigations on the 
circulus arteriosus cerebri of the ground squirrel 
(Spermophilus citellus) and this is the first study 
on this subject in ground squirrels.

The purpose of this study was to document arter-
ies that constitute the circulus arteriosus cerebri in 
the ground squirrel (Spermophilus citellus).

MATERIAL AND METHODS

Five adult ground squirrels, trapped by farmers, 
were used. After they were anaesthetized with pent-
hathol (6 ml/kg), the cavum thoracis of all animals 
were opened and a 5 mm diameter, 7 cm long plastic 
pipe was placed into the left cardiac ventricle. The 
arterial blood was drained and red coloured latex 
was injected into the left ventriculi through this 
pipe. To see whether the internal carotid artery 
existed, the right and left vertebral arteries of 2 out 
of the five examined animals were ligatured when 
these applications were performed. After three days 
fixation of the whole bodies of the animals in 10% 
formalin, the skulls of the ground squirrels were 
placed in 10% hydrochloric acid for 24 h for decal-
cification and the skulls were then easily opened. 
The arterial patterns at the base of the brain were 
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examined and pictured. For the terminology, the 
Nomina Anatomica Veterinaria (1994) was used.

RESULTS

Blood supply to the brain was seen to be realised 
only by the vertebral artery in the studied ground 
squirrels. After giving rise to the caudal cerebel-
lar artery the right and left vertebral arteries of 
the ground squirrels formed the basilar artery by 
joining to each other at the base of the medulla 
oblongata. On the crus cerebri the basilar artery 
was separated into two branches forming the caudal 
communicans artery. In the cranial part, sometimes 
the rostral cerebral arteries was joined to each other 
and formed the circulus arteriosus cerebri whilst in 
other instances they extended separately. There was 
no rostral communicans artery in these animals. 
The arteries which vascularised the cerebrum and 
cerebellum originated from the vertebral, basilar, 
and caudal communicans arteries and rostral cer-
ebral arteries (Figures 1, 2, 3).

Arteries originating from the vertebral 
artery

The caudal cerebellar artery arose symmetrically 
from the vertebral artery and dispersed to the cau-
dal part of cerebellum and ventriculus quartus.

Arteries originating from the basilar artery

The medial cerebellar artery arose symmetrically 
from the basilar artery and dispersed to the lateral 
part of the cerebellum by passing by the medulla 
oblongata.

The rostral cerebellar artery orginated sym-
metrically just before the formation of the caudal 
communicans artery and dispersed to the caudal 
of the tectum mesencephali and the cranial of the 
cerebellum.

Arteries originating from the caudal 
communicans artery

The caudal cerebral artery originated from the 
caudal communicans artery together with the 
choroid artery and after separating from the cau-

dal communicans artery by passing through the 
caudoventral of the hemispherium to the dorsal of 
the brain, extended to the dorsal of the caudal part 
of the corpus callosum at the fissura longitudinalis 
cerebri and the terminal branches of this artery 
were anastomosed with the branches arising from 
the rostral cerebral artery at the caudal part of the 
facies medial cerebri.

The caudal choroid artery originated symmetri-
cally as a single root together with the caudal cer-
ebral artery from the caudal communicans artery. 
After separating from the caudal cerebral artery it 
gave off two branches at the lateral of the tectum 
mesencephali. The first branch dispersed to the 
tectum mesencephali and ventriculus tertius and 
the second branch dispersed to the tectum mesen-
cephali and the cranial part of the cerebellum.

The internal ophtalmic artery did not originate 
from the circulus arteriosus cerebri in these ani-
mals and originated directly from the communis 
carotid artery and entered the cavum cranii, before 
arriving at the eye by passing through the lateral of 
the brain. Here it was fixed in the cavum cranii by 
the meninges. There was no connection between 
this artery and the circulus arteriosus cerebri.

The ramus hypophis extended to the gland hy-
pophysis.

Arteries originating from the rostral 
cerebral artery

The rostral choroid artery originated from the 
rostral cerebral artery as a thin branch just before 
the medial cerebral artery and just after its origin 
extended under the lobus priformis to the ventricu-
lus lateralis giving rise to small branches along its 
length.

The medial cerebral artery separated as a single 
branch from the middle part of the rostral cerebral 
artery and after giving off branches basal and lateral 
of the hemispherium it terminated by ramifying 
cortical and central branches at the facies convexa 
cerebri.

The rostral cerebral artery gave off the medial 
cerebral artery, then at the fissura longitudinalis 
cerebri a branch arising from the right rostral cere-
bral artery in three animals and from the left rostral 
cerebral artery in two animals, gave off branches 
to the cranial part of the corpus callosum, facies 
medialis cerebri and the medial of the dorsal part 
of the cerebrum and anastomosed with the terminal 
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branches of the caudal cerebral artery. After giving 
off these branches, the right and left rostral cerebral 
arteries anastomosed with each other in the cranial 

in two animals (Figures 1, 2), and in three animals 
extended as the internal ethmoidal artery without 
anastomosing with each other (Figure 3).

Figures 1 to 3. View from the base of the cerebrum of 
the circulus arteriosus cerebri in the ground squirrel 
(Spermophilus citellus)

A = vertebral artery, B = basilar artery, C = caudal commu-
nicans artery, 1 = caudal cerebelli artery, 2 = medial cerebelli 
artery, 3 = rostral cerebelli artery, 4 = common root formed 
by the caudal choroid and caudal cerebral artery, 5 = caudal 
choroid artery, 6 = caudal cerebral artery, 7 =Ramus hypo-
physis, 8 = rostral choroid artery, 9 = medial cerebral artery, 
10 = rostral cerebral artery, 11 = branch which extended to 
facies cerebri media, 12 = internal ethmoidal artery

1		 2

3
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DISCUSSION 

It has been reported that the circulus arteriosus 
cerebri is formed by the basilar and the internal 
carotid artery in rats (Brown, 1966; Green, 1968), 
mice (Cook, 1965; Wiland, 1974), rabbits (Barone 
et al., 1973; Brehmer and Beleites, 1988), cats 
(McClure et al.,1973; Getty, 1975) and dogs (Miller 
et al., 1964; Getty, 1975) whereas according to Ocal 
and Ozer (1992), it is formed by the internal oph-
thalmic artery, the basilar artery and the internal 
carotid artery in Guinea pigs. We have previously 
reported in a study on porcupines (Aydin et al., 
2005), and also in red squirrels (Aydin, 2008), that 
only the vertebral artery supplies the circulus arte-
riosus cerebri. The results presented in this study 
are in conformity with these earlier reports.

It has been reported that the caudal cerebellar 
artery originates from the basilar artery symmetri-
cally in rabbits (Barone et al., 1973), mice (Wiland, 
1974), dogs and cats (Getty, 1975) and mole-rats 
(Aydin et al., 2008) and asymmetrically in dogs 
(Miller et al., 1964), cats (McClure et al., 1973), 
guinea pigs (Ocal and Ozer, 1992), porcupines 
(Aydin et al., 2005). In this study, in contrast to 
all above reports it was observed that this artery 
originated from the vertebral artery.

According to Wiland (1974), the medial cerebel-
lar artery is mostly single but sometimes ramifies 
as two or three branches and originates from the 
basilar artery asymmetrically in the mouse and its 
terminal branches are anastomosed with the cau-
dal cerebellar artery. Getty (1975) in reference to 
the dog, and Aydin et al. (2005) in reference to the 
porcupine, describe it originating as a symmetrical 
single branch from the basilar artery, whilst in cats 
(Getty, 1975) it has been reported to be a continu-
ation of the caudal cerebellar artery. Studies in red 
squirrels (Aydin, 2008), and mole-rats (Aydin et 
al., 2008) meanwhile, have reported the absence 
of this branch altogether. Similar to the descrip-
tion of Getty (1975) regarding dogs and Aydin et 
al. (2005) with regard to the porcupine, in these 
ground squirrels the medial cerebellar artery origi-
nated symmetrically as a single branch from the 
basilar artery.

It has been reported that the rostral cerebellar 
artery generally separates from the basilar artery, 
sometimes with one branch from the caudal com-
municans artery, the other branch asymmetrically 
from the basilar artery in the rat (Brown, 1966), 
and originates from the basilar artery (Popesko 

et al., 1990) or the caudal communicans artery in 
guinea pigs (Ocal and Ozer, 1992). It originates 
symmetrically from the basilar artery in the red 
squirrel (Aydin, 2008) and mole-rat (Aydin et al., 
2008) and it also originates from the caudal com-
municans artery in mice (Wiland, 1974), rabbits 
(Barone et al., 1973), dogs (Miller et al., 1964) and 
cats (McClure et al., 1973). According to Getty 
(1975) the rostral cerebellar artery is a branch of 
the mesencephalic artery in dogs and cats. In the 
present study, the results are partly in corformity 
with the reports of Miller et al. (1964) with re-
gard to dogs, McClure et al. (1973) regarding cats, 
Barone et al. (1973) on rabbits, Wiland (1974) on 
mice and Aydin et al. (2005) on porcupines. They 
are completely consistent with descriptions of the 
red squirrel (Aydin, 2008) and the mole-rat (Aydin 
et al., 2008) whilst they are not in agreement with 
descriptions of various other animals.

The choroid artery originates from the internal 
carotid artery in the rat (Green, 1968), and mole-
rat (Aydin et al., 2008), as a single branch from the 
cranial part of the circulus arteriosus cerebri in 
mice (Wiland, 1974), and from the medial cerebral 
artery in dogs (Miller et al., 1964). Some authors 
have reported the presence of the cranial choroid 
artery in dogs (Miller et al., 1964; Getty, 1975), 
and the caudal choroid artery in cats (McClure et 
al., 1973; Getty, 1975), whilst both the caudal and 
cranial choroid arteries were reported to be present 
in the porcupine (Aydin et al., 2005) and the caudal 
choroid arteries showed variations while originat-
ing from the caudal communicans artery in red 
squirrels (Aydin, 2008). In this study, both caudal 
and cranial choroid arteries were present similar to 
our previous report on the porcupine (Aydin et al., 
2005) and red squirrels (Aydin, 2008). Moreover, 
the caudal choroid artery and the caudal cerebral 
artery originated together from the caudal com-
municans artery; this is partly in conformity with 
the description of the red squirrel (Aydin, 2008) but 
has not been described in other reports.

The caudal cerebral artery originates from the 
caudal communicans artery in the rat (Green, 1968), 
the mouse (Winland, 1974), guinea pig (Popesko et 
al., 1990), rabbit (Barone et al., 1973; Popesko et 
al., 1990) and porcupine (Aydin et al., 2005). This 
artery originates from the junction of the caudal 
communicans artery with the basilar artery in the 
rat (Brown, 1966), and guinea pig (Ocal and Ozer, 
1992). In the red squirrel (Aydin, 2008) it was re-
ported that the caudal cerebral artery originated 
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sometimes from the caudal communicans artery 
by itself and sometimes originated together with 
the caudal choroid artery. These results are in par-
tial agreement with this last report whilst differing 
from all others.

It has been reported that the internal ophtalmic 
artery is separated from the rostral cerebral ar-
tery in the dog (Miller et al., 1964; Getty, 1975), 
originates from the internal carotid artery in the 
rat (Green, 1968) from the middle of the medial 
part of the circulus arteriosus cerebri in porcupines 
(Aydin et al., 2005), whilst blood is supplied to the 
brain by the internal ophtalmic artery in guinea 
pigs (Ocal and Ozer, 1992). This artery was not 
connected to the circulus arteriosus cerebri in these 
ground squirrels.

The middle cerebral artery originates from the 
internal carotid artery in the dog (Miller et al., 1964; 
Getty, 1975) and mole-rat (Aydin et al., 2008), as a 
single branch from the circulus arteriosus cerebri 
in the mouse (Cook, 1965; Wiland, 1974), guinea 
pig (Ocal and Ozer, 1992), cat (McClure et al., 1973; 
Getty, 1975), and porcupine (Aydin et al., 2005), 
and from the rostral cerebral artery in the red 
squirrel (Aydin, 2008). It originates as two separate 
branches from the circulus arteriosus cerebri in the 
rat (Brown, 1966; Green, 1968; Firbas et al., 1973), 
mouse (Firbas et al., 1973), and rabbit (Popesko et 
al., 1990). Our results are in corformity with the 
statements in reference to the porcupine (Aydin et 
al., 2005) and red squirrel (Aydin, 2008).

It has been reported that two rostral cerebral 
arteries on occasion join together with a single 
branch (the rostral communicans artery; Miller et 
al., 1964; Brown, 1966; Green, 1968; McClure et 
al., 1973; Wiland, 1974; Getty, 1975; Popesko et 
al., 1990; Ocal and Ozer, 1992; Aydin et al., 2005) 
or with two branches (Brown, 1966; McClure et 
al.,1973) or do not join at all (Brown, 1966). In the 
red squirrel this was shown to vary (Aydin, 2008). 
In our study, the connections of the rostral cer-
ebral arteries showed variations in ground squir-
rels similar to those observed in the red squirrel 
(Aydin, 2008).

The rostral cerebral artery has been reported to 
give branches which dispersed between the two 
hemispheres in the dog (Miller et al., 1964), cats 
and dogs (Getty, 1975), and rats (Brown, 1966). In 
addition to branching, the last part of this branch 
was reported to anostomose with the last part of 
the caudal cerebral artery between the two hemi-
spheres in rats (Green, 1968), and mice (Wiland, 

1974). In the red squirrel (Aydin, 2008), a branch 
from the right or left rostral cerebral artery and in 
one animal from the rostral communicans artery 
dispersed to the intern of the hemispheriums and 
anastomosed with terminal branches of the caudal 
cerebral arteries. In the present study, similar to 
what was described in red squirrels (Aydin, 2008), 
the branch arising from the right or left rostral 
cerebral artery dispersed into the hemispheriums 
and anastomosed with terminal branches of the 
caudal cerebral artery at the caudal of the facies 
medialis cerebri.

In addition to the internal ethmoidal artery, the 
internal ophtalmic artery arises as the last branch 
of the rostral cerebral artery in cat and dogs (Getty, 
1975), and in dogs (Miller et al., 1964). According 
to studies in the rat (Brown, 1966), and mouse 
(Wiland, 1974), the last branch of the rostral cer-
ebral artery is the internal ethmoidal artery. In red 
squirrels (Aydin, 2008) it was observed that the ros-
tral cerebral arteries formed the ethmoidal artery 
sometimes as separate branches. In ground squir-
rels the last branch of the rostral cerebral artery 
was the ethmoidal artery and this result is partly 
in conformity with those of Brown (1966) and 
Wiland (1974). The right and left rostral cerebral 
artery formed the ethmoidalis artery sometimes 
by joining to each other and sometimes separately 
in this study and this observation is in conformity 
with those of Aydin (2008), whilst differing from 
all other reports.

In conclusion, it was found that, in contrast to 
many previous reports on other animals, in ground 
squirrels the caudal cerebellar artery originates 
from the vertebral artery and the caudal choroid 
artery originates from the caudal communicans ar-
tery together with the caudal cerebral artery. The 
right and left rostral cerebral arteries were seen to 
be both connected and not connected to each oth-
er at the cranial of the circulus arteriosus cerebri; 
the branch extending to the facies medial cerebri 
sometimes originated from the right and some-
times from the left rostral cerebral artery, while 
the internal coroid artery was seen to be absent in 
the ground squirrel.

REFERENCES

Aydin A. (2008): The morphology of circulus arteriosus 
cerebri in the red squirrel (Sciurus vulgaris). Veteri-
narni Medicina, 53, 272–276.



Original Paper Veterinarni Medicina, 54, 2009 (11): 537–542

542

Aydin A., Yilmaz S., Dinc G., Ozdemir D., Karan M. 
(2005): The morphology of circulus arteriosus cerebri 
in the porcupine (Hystrix cristata). Veterinarni Me-
dicina, 50, 131–135.

Aydin A., Yilmaz S., Ozkan Z.E., Ilgun R. (2008): Mor-
phological Investigations on the circulus arteriosus 
cerebri in Mole-Rats (Spalax Leucodon). Anatomia, 
Histologia, Embryologia, 37, 219–222.

Barone R., Pavaux C., Blin P.C., Cuq P. (1973): Atlas of 
Rabbit Anatomy. Masson & Cie, Paris. 121–122.

Brehmer A., Beleites B. (1988): The morphology of the 
circulus arteriosus cerebri of the rabbit and its changes 
following unilateral ligation of the common carotid-
artery. (in German). Anatomischer Anzeiger, 167, 
297–300.

Brown J.O. (1966): The morphology of circulus arterio-
sus cerebri in rats. Anatomical Record, 156, 99–106.

Cook M.J. (1965): The Anatomy of the Laboratory Mouse. 
Academic Press, London and New York. 99–100.

Demirsoy A. (1992): Rodentia. The Base Rules of Life. 
Meteksan Anonim Sirketi, Ankara. 695–729.

Firbas W., Sinzinger H., Schlemmer M. (1973): Circulus 
arteriosus of the rat, mouse and golden hamster (in 
German). Zentralblatt fur Veterýnarmedizin, Reihe C, 
2, 243–251.

Getty R. (1975): Sisson and Grossman’s the Anatomy of 
the Domestic Animals. 5th ed. W.B. Saunders, Phila-
delphia. 1611–1620.

Green E.C. (1968): Anatomy of the Rat. Hafner Publish-
ing Company, New York and London. 178–187.

Karol S. (1963): Dictionary of Zoological Terms. Turkish 
History Institution Press, Ankara. 192–193.

Corresponding Author:

Dr. Ali Aydin, DVM, Ph.D., Firat University, Faculty of Veterinary Medicine, Department of Anatomy,  
23119-Elazig, Turkey
Tel. +90 424 237 0000 3958, Fax +90 424 238 8173, E-mail: aydina@firat.edu.tr; aliaydin02@hotmail.com

Klachinka J., Nowak E., Szczurkowski A., Kuder T. 
(2008): Arteries supplying the base of the brain in the 
Mongolian gerbil (Meriones unguiculatus). Polish 
Journal of Veterinary Sciences, 11, 295–298.

Kuru M. (1987): Rodentia, The Vertebrata Animals. Atat-
urk University, Erzurum, Basum. 551–564.

McClure R.C., Dallman M.J., Garret P.G. (1973): Cat 
Anatomy. Lea and Febiger, Philadelphia. 185–192.

Miller M., Christensen G., Evans H. (1964): Anatomy of 
the Dog. W.B. Saunders, Philadelphia. 312–316.

Nomina Anatomica Veterinaria (1994): 4th ed. Copyright 
by the World Association of Veterinary Anatomists. 
70–73.

Ocal M.K., Ozer M. (1992): The circulus arteriosus cer-
ebri in the Guinea pig. Annals of Anatomy, 174, 259–
260.

Popesko P., Rajtova V., Horak J. (1990): A Colour Atlas 
of the Anatomy of Small Laboratory Animals. Wolfe 
Publishing, London. Cun (49), Cav (175).

Szczurkowski A., Kuchinka J., Nowak E., Kuder T. (2007): 
Topography of arterial circle of the brain in Egyptian 
spiny mouse (Acomys cahirinus, Desmarest). Anato-
mia, Histologia, Embryologia, 36, 147–150.

Weichert C.K. (1970): The anatomy of the Chordates. 
4th ed. McGraw-Hill, London. 500–738.

Wiland C. (1974): Comparative study on structure and 
variation in basal arteries of the brain in laboratory 
mouse. Anatomischer Anzeiger, 135, 455–464.

Received: 2009–11–04
Accepted: 2009–11–11


