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SUMMARY

The present study was carried out on three adult
male red foxes to clarify the obscure abdominal
aorta in this animal. A suspension of 5% Barium
sulphate was tested in the present work as both
radio-opaque and vessel filler material to over-
come specimens shortage of the wild animals.
Hence the same specimens were radiographed,
then photographed in the fresh state after opening
the abdominal wali, then kept in formalin in a
chilling room then carefully dissected and de-
scribed, then re-photographed. The resuits
showed that barium sulphate was an excellent
vessel filler in the small vessels, while in the
large vessels it was p;\orly hardened and may
ooze if vessel leakage occurs during dissection.
The abdominal aorta extended from the level of
the first lumbar vertebra cranially, as a continua-

tion of the thoracic aorta, to the level of the iliac
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crest caudally, slightly cranial to the promontory
of the sacrum where it divided intd'a median sa-
cral and a paired internal iliac arteries. All the pa-
rietal branches of the aorta were paired, they in-
cluded the caudal phrenic, cranial abdominal, 7
lumbar, deep circumflex iliac and the external ili-
ac arteries. The visceral branches were either sin-
gle ( celiac, cranial mesenteric and caudal mesen-
teric arteries) or paired ( renal, middle adrenal
and testicular arteries). The level of origin of the
right paired visceral arteries was cranial to that of
the left ones. The adrenal gland received a crani-
al adrenal branch from the caudal phrenic artery,
a middle adrenal artery from the abdominal aorta
and a caudal adrenal branch from the renal artery.
Several photographs and radiographs were pre-
pared. The obtained results were compared with
their corréspondings in the dorr:esl‘ic animals, es-

pecially the domestic carnivores,




INTRODUCTION

Barium sulphate is a well known radio-opaque
material, usually prepared in a fine colloidal sus-
pension for the investigation of the alimentary
tract (Douglas et al., 1987).

In addition to the importance of the red fox as a
zoo animal, the valuable fur provides the fox a
noble situation among wild animals, therefore

fox specimens are rare.

Because of rareness of the fox specimens, the au-
thor intended to substitute the routinely used ves-
sel-filler gum milk latex by barium sulfate.
Thence, the same specimen can be used for both

gross and radiographical anatomny.

The description of the aorta and or its branches
attracted the attention of many investigators as
Krupp (1943) in silver fox, Brudnicki et al.
(1996) in the blue fox, kosik (1923), Berg ( 1962)
and Reis and Tepe (1965) and Adams (1986) in
the dog, Brudnicki et al. (1986) in the racccon
dog, Jantosovicova and Jantosovicova (1983) in
stallion, Bednarova and Malinovsky (1990) in
Guinea pig, Wiland and Indykiewicz (1999) in
mink and dog, Hudson and Hamilton (1993} in
the cat, Ghoshal (1975) pig and horse, May
(1970) in the sheep, Habel (1975) in the rumi-
nants and Smuts and Bezuidenhout (1987) in the
camel. However, the abdominal aorta in the red
fox was not dealt with according to the available

literature.
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For these reasons, the present work was carried
out in order to describe the obscure abdominal
aorta in red fox to help in the field of compara-
tive anatomy and veterinary sorgery. The present
work aims also to test barium sulphateas a vessel
filler Latex substitute, to overcome the specimen

rareness of wild animals.
MATERIALS AND METHODS

The present work was carried out on three healthy
adult male red foxes. The foxes were obtained
from the Libyan Al-Hamada Desert. The animals
were anaesthetized by chloroform, then bled via
the common carotid artery. Thence the thoracic
aorta was approached via an incision through the
dorsal end of the left 7th intercostal space, cannu-
lated then gently injected with a convenient
amount of 5% barium sulphate suspension (Mi-
cropaque® Guerbet) indicated for barium meal
before bowel radiography. After that the speci-

mens were radiographed.

After radiography the fresh red fox cadavers were
photographed. After that, the specimens; with
their abdominal wall opened; were kept in a solu-
tion of 10% formalin, 4% glycerin and 1% phenol
in a chilling room. Thence, the formalized red fox
cadavers were thoroughly dissected, perfectly de-
scribed and photographed. One formalized red
fox cadaver was radiographed after dissection and
removal of the abdominal and pelvic viscera to

overcome the shadows of the crowded organs.



The nomenclature used in this work was that
adopted by the Nomina Anatomica Veterinaria
(N.A.V., 2005). The formalized red fox cadavers
and the isolated abdominal and pelvic viscera

were kept for future researches.
RESULTS

The abdominal aorta represented the caudal con-
tinuation of the thoracic aorta just after its emer-
gence from the aortic hiatus of the diaphragm,
opposite to the first lumbar vertebra (Figs. 2& 3).
It proceeded caudad to the left of the median
plane and caudal vena cava and ventral to the
psoas muscles. At the level of each of the iliac
crest and the caudal border of the root of the 7th
lumbar transverse process ( slightly cranial to the
promontory of the sacrum), the abdominal aorta
divided into a median sacral ( 5 & 6 / 4) and
paired internal iliac arteries ( 5 & 6 / 3) that sup-
plied the pelvic wall and viscera as well as the
tail ( Figs. 5 & 6). The internal iliac artery gave
the umbilical artery (5/5), the internal pudendal
artery (5/7) then continued as caudal gluteal ar-
tery ( 5/6). The internal pudendal artery ramified
in the rectum, penis, perineum and scrotum, and
detached the prostatic artery (5/8) that supplied
the accessory genital glands, ductus deferens ,
pelvic urethra and the caudal portion of the uri-

nary bladder.

Barium sulphate appeared excellent as a vessel

filler in demonstrating the small vessels, while
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in the large vessels the substance was poorly
hardened and may ooze if vessel leakage oc-
curred during dissection or vessel cutting was
necessary (12/2). But in addition of its radio-
opaque property it can be considered as accepta-
ble vessel filler material, especially when vessel
leakage is avoided and purposed cutting of large

vessels is preceded by legation,

Along its course, The Aorta abdominalis de-
tached parietal branches to the diaphragm , ab-
dominal wall and pelvic limb, and visceral
viscera

branches to abdominal and scrotal

(Figs.1-14).

A) Parietal branches of the Aorta abdominal-
is:

1- A, phrenica caudalis: The caudal phrenic ar-
tery (1/3, 3/2 & 7/6) was a paired vessel, the left
one arose separately from the lateral aspect of the
aorta abdominalis, opposite to the free end of the
20d Jymbar transverse process and at about 1.1-
1.3 cm caudal to the Hiatus aorticus. The right
one arose together with the right cranial abdomi-
ndl artery by a common stem ( phrenicoabdomi-
nal artery) from the lateral aspect of the right re-
nal artey. It coursed cranioventrally towards the
crura of the diaphragm where it ramified. Its final
ramification can be traced up to the tendinous
center of the diaphragm. It detached two twigs to
the cranial portion of the adrenal gland (Rami ad-

renals craniales) (12/8).



2- A. abdominalis cranialis:

The cranial abdominal artery (1/6, 3/6 & 4/4 )
was a paired vessel, the left one sprang from the
lateral aspect of the abdominal aorta, opposite to
the free end of the 3/d lumbar transverse process,
at about {).5 cm caudal to the origin of the caudal
phrenic artery. The right cranial abdominal artery
arose together with the right caudal phrenic artery
by a common stem (phrenicoabdominal artery)
from the lateral aspect of the right renal artey.
The cranial abdominal artery proceeded caudolat-
erally for about 2 cm. crossing the ventral aspect
of the psoas muscles, to them it gave twigs. Then,
it penetrated the transverse abdominal muscle and
coursed caudoventrally between this muscle and
the internal oblique abdominal muscle, till the
transverse plane of the free end of the transverse
process where it faded out. Along its course, the
cranial abdominal artery detached branches that
supplied the psoas, transverse abdominal, internal
and external obliqgue abdominal muscles as well
as muscle cutaneous trunci and the skin of the lat-
eral abdominal wall as far caudal as the level of

the 5th lumbar vertebra.

3- Aa lumbales:

The lumbar arteries (1/2, 2/ L3, 3/3, 7 / 2-5, 8/2,
9/2 & 9/4) were 7 pairs in number. Each lumbar
artery arose from the dorsal aspect of the abdomi-
nal aorta, opposite to the caudal border of the root
of the transverse process of the corresponding
vertebra. The two arteries of each pair arose sep-

arately except for the last (7th) pair of lumbar ar-
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teries which arose by stem vessel of 0.3- 0.5 cm.
long, The first pair of lumbar arteries arose at the
aortic hiatus of the diaphragm, while the last pair
arose at the terminal division of the abdominal
aorta into two internal iliac arteries. The interval
between the alternative lumbar arteries ranged
from 1-2.3 cm, depending on the vertebral body
length.

Each lumbar artery passed dorsad to reach the
body of the corresponding vertebra, then contin-
ued caudodorsally along its ventrolateral aspect to
gain the intervertebral foramen. Here the lumbar
artery detached a spinal branch and a dorsal
branch then turns ventrolaterally in the inter
transverse space, detaching twigs to Mm. Longis-
simus lumborum, muscles iliocostalis lumborum
and intertransversarii lumborum. Before reaching
the intervertebral foramen , the lumbar artery de-
tached 1-2 twigs to the psoas muscles and a
branch to the body of the corresponding vertebra.
The latter entered through a foramen in the caudal
portion of the lateral aspect of the body of the

vertebra.

The Ramus spinalis ( Fig.8/3) arose from the me-
dial aspect of the lumbar artery, opposite to the
intervertebral foramen, where it entered to supply
the lumbar spinal cord and meninges.

The Ramus dorsalis (8/4 } of the jumbar artery
coursed caudodorsally deep to muscles longissi-
mus lumborum, then divided under the last men-

tioned muscle into a medial and a lateral branch-



es. The medial branch passed caudodorsally be-
tween Mm. multifidi and interspinales medially
and M. longissimus lumborum laterally, supply-
ing these muscles and the skin of the dorsal ab-
dominal wall close to the median plane (Ramus
cutaneus medialis). The laterai branch of Ra-
mus dorsalis of the lumbar artery turned laterally
then divided into a dorsal twig and a ventral twig.
The dorsal twig passed dorsolaterally piercing
M. longissimus lumborum, supplying this muscle
and terminated in the skin of the dorsal abdomi-
nal wall away from the median plane (Ramus.
cutaneus lateralis). The ventral twig passed late-
rad undercover of the muscles M. lumborumn,
supplying this muscle, muscles M. intertransver-
sarii lumborum and muscles iliocostalis lumbor-

um.

4- A. circumflexa ilinm profunda:

The deep circumflex iliac artery (Fig. 4/7, 5/9, 9/
3 & 10/4) sprang from the lateral aspect of the
Aorta abdominalis, opposite to the caudal border
of the arch of the 6th lumbar vertebra, just cranial
to the origin of the external iliac artery. It pro-
ceeded laterally for about 1- 1.5 cm, crossing the
ventral surface of the psoas minor muscle, then
divided into a small cranial branch and a large
caudal branch. The cranial branch (10/5) entered
the M. psoas major supplying it. The caudal
branch (10/6) converged with, then accompanied
the lateral cutaneous femoral nerve (10/7) to in-
sinuate themselves between the transverse (10/c)

and internal oblique (10/d) abdominal muscles,

then penetrated the latter muscle and the external
oblique abdominal muscle, opposite to the root of
the 6th lumbar transverse process, at about 3 cm
cranioventral to the coxal tuber and continued to
supply the stifle fold and M. tensor fasciae latae.
Along its course through the abdominal wall, the
caudal branch gave twigs to the transverse and

oblique abdominal muscles.

5- A.iliaca externa:

The external iliac artery (Fig. 1/10, 2/5, 4/8, 5/2,
9/6, 10/2 & 13/4) appeared as a stout vessel,
which sprang from the lateral aspect of the ab-
dominal aorta, opposite to the free end of the 7th
lumbar transverse process, at about 0.5 c¢m cranial
to the terminal division of the abdominal aorta
into middle sacral and internal iliac arteries. The
external iliac artery coursed candoventrolaterally,
then detached the deep femoral artery (Fig. 6/5&
10/8) from its caudal border after 2-3 cm from its
origin and the caudal abdominal artery from its
cranial border after another 0.5- 1 cm, then tra-
versed the femoral canal as femoral artery (Fig.
6/6 & 10/9) to be continued in the pelvic limb.
The caudal abdominal artery was a small vessel
that passed cranially for about 1 cm then divided
into a dorsal and a ventral twigs. The former ram-
ified in the internal oblique abdominal muscle,
and the latter entered the caudal portion of the

transverse abdominal muscle.

B) Visceral branches of Aorta abdominalis:
1- A. coeliaca:
The celiac artery (1/4, 2/3, 3/4, 412, 1/7& 8/5)
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originated from the ventral aspect of the abdomi-
nal aorta, opposite to a midpoint between the
roots of the 2nd and 3rd lumbar transverse pro-
cesses. The initial course of the celiac artery
formed a cranioventrally facing angle of about
80° with the abdominal aorta, and a caudoventral-
ly facing angle of about 70° with the cranial
mesenteric artery. After a short course, the celiac
artery reached the fundus of the stomach where
it divided into splenic, left gastric and hepatic ar-
teries that ramified in the spleen, stomach, liver,
pancreas as well as the cranial and the descending

parts of the duodenum.

1- A. mesenterica cranialis:

The cranial mesenteric artery (1/5, 244, 3/5, 473,
7/8& 8f0) arose from the ventral aspect of the ab-
dominal worta ut the level of the caudal border of
the arch of the 2nd lumbar vertebra, opposite to
the shot of the cranial abdominal artery and at
about 3 mm caudal to the origin of the celiac ar-
tery. The cranial mesenteric artery formed a cau-
doventrally facing angle of about 30° with the ab-
dominal aorta. It entered the root of the
mesentery, ramifying in the ascending duode-
num, jejunum, ileum, cecum as well as the as-
cending, transverse colon and beginning of the

descending colon.

3- A. adrenalis media:
The middle adrenal artery (11/2& 12/4) arose
from the lateral aspect of the abdominal aorta im-

mediately prior to the origin of the renal artery,
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so the origin of the right one was cranial to that
of the left one. It coursed laterally to gain the

middle part of the adrenal gland where it entered.

4- A. renalis:

The paired renal artery (1/7, 3/7, 4/5, 11/3, 12/5&
14/1} arose from the latcral border of the abdomi-
nal aorta. The left renal artery arose opposite to
the caudal border of the free end of the 4th lum-
bar transverse process. The right renal artery
arose opposite to the cauwdal border of the root of
the 3rd lumbar transverse process, at about 1 cm
cranial to the wiizin of the left renal artery. After
a course ol about 3-4 cm., the A. renalis gained
the renal hilus where it entered to supply the cor-
responding kidney and ureter. The renal artery;
prior to its entery to the renal hilus; detached
from its cranial border Ramus adrenalis caudalis
that entered the caudal part of the adrenal gland
(12/6). |

4- A. testicularis:

The testicular artery (1/8, 7/10, 9/5, 10/3, 13/3&
14/2) originated from the lateral border of the ab-
dominal aorta. The left testicular artery arose
midway between the roots of the Sth and 6th
lumbar transverse processes. The right testicular
artery (4/9) sprang at about 0.5 cm cranial to the
origin of the left one(4/10), opposite to the caudal
border of the root of the 5th lumbar transverse

process.



Fig. 1 : A photograph showing the course and most branches of the abdominal aorta in a
fresh specimen. Left aspect. a- Lobus hepatis sinister lateralis, b-Lien, c- Cecum, d-
Colon descendens, e -Jejunum, f- Vesica uriiaria, 1- Aorta abdominalis, 2- A. lum-
balis II, 3- A, phrenica caudalis, 4- A. celizca, 5- A. mesenterica cranialis, 6- A. ab-
dominalis cranialis, 7- A. renalis, 8- A testicularis, 9- A. mesenterica caudalis, 10-
A. iliaca externa.

Fig. 2: A radiograph showing most brancues of the abdominal aorta. Left lateral view. a-
Vertebra lumbalis I, b- Vertebrs lumbalis IV, c- Vertebra lumbalis VII, d- Femur,
e- A. epigastrica caudalis, L3 A. lumbalisIIl, 1-Aorta thoracica, 2- Aorta abdomin-
alis, 3- A. celiaca, 4- A. me<enterica cranialis, 5-A. iliaca externa, 6- A. iliaca inter-
na, 7- A, gasterica sinistrs, 8- A.hepatica, 9- A. lienalis.
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Fig. 3 : A photograph showing some branches given from the cranial portion of the abdominal aorta in a
fresh specimen. a- Disphragma, b-Mm. intercostales interni, c- Ren sinister, d- Lein, 1- Aorta
abdominalis, 2- A. phrenica caudalis, 3- A. lumbaiis I1, 4- A_ celiaca, 5- A. mesenterica cranial-
15, 6- A. abdominalis craniait:, 7- A. renalis sinister.

Fig. 4: A photograph showing some branches given from the caudai portion of the abdominal aorta in a
fresh specimen. a- Lein, b- Cecure. ¢c- Colon descendens, d- M. psoas minor, e- Omentum ma-
jus, f- Mesocolon descendens, 1- Ac.ta abdominalis, 2- A. celiaca, 3- A. mesenterica cranialis,
4- A, abdominalis cranialis, 5- A. renali: cinister, 6- A. mesenterica caudalis, 7- A. circumflexa
ilium profunda, 8- A. iliaca externa, 9- A. .~:ticularis dexter, 10- A, testicularis sinister.
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Fig. 5 : A photograph showing the terminal branches of the abdominal aorta in a for-
malized specimen, Ventral view. afi Articulatio lumbosacralis, b- M. Psoas ma-
jor, ¢c- Rectum, 1- aorta abdominalis, 2- A. iliaca externa, 3- A. iliaca interna, 4-
A. sacralis mediana, 5- A. umblicalis, 6- A. glutea caudalis, 7- A. pudenda in-
terna, 8- A, prostatica.

Fig. 6: A radiograph showing the terminal branching of the abdominal aorta. Dorsoven-
tral view. a- Ilium, b- Femur, c-Ischium, 1- Aorta abdominalis, 2- A. iliaca ex-
terna, 3- A. iliaca interna, 4- A. sacralis mediana, 5- A. profunda femoris, 6- A.
femoralis, 7- A. epigastrica caudalis.
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Fig. 7: A photograph showing the first four lumbar arteries in a formalized specimen. a-
Vertebra lumbalis I { Processus transversus), b- Vertebra lumbalis IV ( Proces-
sus transversus), |- Aorta abdominalis, 2- A. lumbalis I, 3- A. lumbalis II, 4- A.
lumbalis ITI, 5- A. lumbalis IV, 6- A. phrenica caudalis, 7- A. celiaca, 8- A. me-
senterica cranialis, 9- A. abdominalis cranialis, 10- A. testicularis.

Fig. 8: A radiograph showing some branches given from the cranial portion of the ab-
dominal aorta, left lateral view. a - Corpus vertebra lumbalis, b- Foramen inter-
vertebrale 1-Aoria abdominalis, 2- A. lumbalis, 3- Ramus spinalis, 4- Ramus
dorsalis, 5- A. celiaca, 6- A. mesenterica cranialis, 7- A. gasterica sinister, 8-
A. hepatica, 9- A. lienalis.
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Fig. 10,

s 4

Fig. 9: A photograph showing the last two lumbar arteries in a formalized specimen. a-
Vertebra lumbalis V ( Processus transversus), b- Vertebra lumbalis V1 (Proces-
sus transversus) c- Vertebra lumbalis VII { Processus transversus), d- Crista ili-
aca, e- Ren sinster, 1- Aorta abdominalis, 2- A. lumbalis VI, 3- A. circumflexa
ilium profunda, 4- A. lumbalis VII, 5- A. testicularis, 6- A. iliaca externa, 7- A.
iliaca interna

Fig. 10: A photograph showing the deep circumflex iliac artery in a formalized speci-
men. a- M. psoas minor, b- M. psoas major, c- M. transverses abdominis, d-
M. obliquus abdominis internus,e- M. rectus abdominis, f- A. epigastrica cau-
dalis, 1- Aorta abdominalis, 2- A. iliaca externa, 3- A. testicularis, 4- A, cir-
cumflexa ilium profunda, 5- Ramus cranialis ad 4, 6- Ramus caudalis, 7- N.
cutaneus femoris lateralis, 8- A. profunda femoris, 9- A. femoralis.
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Fig. 11: A photograph showing the phrenicoabdominal artery ( a stem vessel for the cau-
dal phrenic and cranial abdominal arteries on the right side) in a formalized
specimen. a- M. psoas minor, b- ren dexter, c- Glandula adrenalis dexter, 1-
Aorta abdominalis, 2- A. adrenalis media, 3- A. renalis dexter, 4- A stem ves-
sel for A. phrenica caudalis and A. abdominalis cranialis, 5- A. abdominalis
cranialis, 6 A. phrenica caudalis.

Fig. 12: A photograph of a formalized specimen showing the arterial blood supply of
the adrenal gland. a- Ren dexter, b- Glandula adrenalis dexter, c- M. Psoas mi-
nor, 1- Aorta abdominalis, 2- Origin of both celiac and cranial mesenteric arter-
ies (cut). Notice: The abdominal aorta was empty because barium sulphatewas
poorly hardened in large vessels, 3- A. abdominalis cranialis sinister, 4- A. ad-
renalis media, 5- A. renalis dexter, 6- Ramus adrenalis caudalis, 7- A, phrenica
caudalis dexter, 8- Ramus adrenalis cranialis, 9- A. renalis sinister.
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Fig. 13

Fig. 13: A photograph showing the caudal portion of the abdominal aorta in a fresh spe-
cimena- Ren sinister, b- Abdominal wall, c- Left thigh, d- Lobus hepatis sinis-
ter lateralis, e-Lien, f- Omentum majus, g- Vesica urinaria, h- Right thigh, i-
Pars longa glandis, j- Bulbus glandis, k- Testis, I-Canalis vaginalis, 1- Aorta ab-
dominalis, 2- A. renalis, 3- A. testicularis, 4- A. iliaca externa.

Fig. 14: A radiograph showing the renal and testicular arteries in a specimen radio-
graphed after dissection. Lateral view. a- Vertebra lumbalis III, b- Vertebra
lumbalis VII, - Ilium, d- Ischium, e- Femur, f- Ren ( reflected), g- Testis, 1-
A, renalis, 2- A, testicularis, 3- A. iliaca externa, 4- Aorta abdominalis,
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The testicular artery; cnclosed in the proximal
mesorchium; passed at first laterally for about 2-
3 cm crossing the ventral surface of the psoas
muscles(4/10). After that, it coursed caudoven-
.rally towards the deep inguinal ring for about 7-
8 cm (9/5& 13/3), then entered the inguinal canal
converging then participating with the ductus de-
ferens to form the spermatic cord. After emerging
from the inguinal canal the spermatic cord en-
closed testicular artery passed caudad within the
Canalis vaginalis (13/1), subcutaneously dorsolat-
eral to Corpus penis for about 5-6 c¢m to reach the
scrotal cavity in the perineal region, where it sup-
plied the testis and epididymis (13/k&14/g).

5.A. mesenterica caudalis:

The caudal mesenteric artery (4/6) arose from the
ventral aspect of the abdomtnal aorta, opposite to
the caudal border of the root of the 6th lumbar
transverse process. It entered the descending me-
socolon where it divided into branches that
shared in the arterial supply of both the descend-

ing colon and rectum.

DISCUSSION

Barium sulphate was quietly precipitated in small
vessels, but it was poorly hardened in large ves-
sels with the resultant possible oozing when large
vessels are injured or purposely cut. This defect
can be manipulated by cautious dissection to
avoid injury and legation before purposed cutting

of large vessels. Thus and in addition to its radio-
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opaque prosperities, barium suiphate can be con-

sidered as acceptable vessel filler material.

The red color of some arteries in the fresh speci-
mens was due to some blood residue, and as it
didn't interfere with the radio-opaque property of
barium sulfate. Hence it can be advised to mix a
coloring material with barium sulfate, for more
clarification of the vessels and their case diffe-
rentiation from nerves, that share them white ap-

pearance of the unstained barium sulfate.

In accordance with Ghoshal, (1975), Schummer
and Wilkens (1981), N.A V. (2005) in the do-
mestic carnivores and pig , Adams (1986) in the
dog, Hudson and Hamilton ( 1993) in the cat, the
present work showed that the fox possessed a
cranial abdominal artery. On the other hand, the
cranial abdominal artery doesn't occur in horse
and maminants (N.A.V., 2005).

Regarding the origin of the lumbar arteries, the
present study, showed that all the lumbar arteries
arise from the abdominal aorta. On the other
hand, Ghoshal (1975) and Schaller (1992) in car-
nivores, mentioned that the first 2 or 3 lumbar ar-
teries arise from the thoracic aorta. Also, Marth-
en (1939) in carnivores, said that the 7th lumbar
artery may arise from the terminal part of the ab-
dominal aorta, median sacral or internal iliac ar-
tery. May (1970) in the sheep, mentioned that the
6th (last) lumbar artery arise from the external ili-

ac artery. Schummer& Wilkens (1981) stated that



the last lumbar artery issues from the middle sa-
cral artery in carnivores, pig and small ruminants
and from the iliolumbar artery in the ox. The lat-
ter authors added that the last two lumbar arter-

ies (5th & 6th) originate from the internal iliac ar-

tery.

Concerning the origin of the caudal phrenic and
cranial abdominal arteries, the present work re-
vealed that they arose separately from the ab-
dominal aorta on the left side, and arose togeth-
er by a common stem from the right renal artery
on the right side. such variation necessitates dis-
section of several red fox specimens to deter-
mine the exact percentage of cach pattern. In
this respect, they arise by a common trunk from
the abdominal aorta in carnivores (Ghoshal,
1975; Schummer and Wilkens, 1981; Dyce et al.,
1996 and N.A.V,, 2005), dog (Adams, 1986) and
cat (Hudson and Hamilton, 1993). The caudal
Phrenic artery originates from the celiac artery in
the sheep (May, 1970), ruminants (Habel, 1975),
pig and ruminants (Schummer and Wilkens,
1981; N.A.V., 2005). On the other hand, the cau-
dal phrenic artery is absent in the horse (Gho-
shal, 1975; Schumme r& Wilkens, 1981).

The level of origin of the celiac artery in this
work was opposite to a mid-point between roots
of 2nd and 3rd lumbar transverse processes. In
this respect, the artery arises at the level of the
aortic hiatus in the carnivores (Ghoshal, 1975),

first lumbar vertebra in the dog (Adams, 1986),

the carnivores and ruminants (Schummer and
Wilkens, 1981), one cm or less caudal to aortic
opening of the diaphragm in the cat (Reighard
and Jennings, 1966), between crura of diaphragm
in the sheep (May, 1970), at the level of the 2nd
lumbar vertebra in the camel (Smuts and Bezui-
denhout, 1987) and at the fundus of the stomach

by a common trunk with the cranial mesenteric

artery in the guinea pig (Bednarova and Mali-

813

novsky, 1990).

This study revealed that the origin of the cranial
mesenteric artery in the red fox was opposite to
the caudal border of the arch of the second
lumbar vertebra, similar to that in carnivores
(Ghoshal, 1975}, and ruminants
(Schummer and Wilkens, 1981). While it arises

at the first lumbar vertebra in the dog (Adams,

carnivores

1986), pig and horse (Schummer and Wikkens,
1981) and goat (Yousef, 1991). However, It aris-
es caudal to the origin of the celiac artery by 1
cm in the cat (Reighard and Jennings, 1966) and
12 ¢cm in the camel (Smuts and Bezuidenhout,
1987).

In agreement with May ( 1970) in the sheep, the
interval between the origin of the right and left
renal arteries from the abdominal aorta was about
1 cm. In the same respect, Ghoshal (1975) in car-
nivores, Hudson and Hamilton (1993) in the cat,
Schunimer ans Wilkens (1981) and Dyce et al.
(1996) in the domestic animals, stated that the or-

igin of the right renal artery is cranial to that of



the left renal one.On the other hand, Reighard
and Jennings (1966) in the cat, said that the two
renal arteries arise about the same level so the
right renal artery passes craniolaterad and the left

one passes caudolaterad.

The occurrence of double renal arteries in some
cases was described in the dog (Kosik, 1923;
Berg, 1962; Reis & Tepe, 1965), blue fox (Brud-
nicki et al., 1996), raccoon dog (Brudnicki et al.,
1986}, mink and dog (Wiland and Indykiewicz,
1999). Such doubling wus not met with in the

present study.

The level of origin of the caudal mesenteric ar-
tery in this study was opposite to the caudal bor-
der of the root of the 6t lumbar transverse pro-
cess. A finding which disagrees Ghosha! (1975)
and Schummer and Wilkens (1981) in carni-
vores, who stated that the level of origin of the
caudal mesenteric artery is at the level of the 5t
lumbar vertebra. The latter authors added that it
is at the level of the 4th lumbar vertebra in the
horse and the 6 lumbar vertebra in the pig.
However it arises about the level of the last lum-
bar vertebra in the cat {Reighard and Jennings,
1966), either cranial or caudal to the origin of the
external iliac artery in the sheep (May, 1970) and
between the origins of the external and internal
iliac arteries in the camel (Smuts and Bezuiden-
hout, 1987). The level of origin of the lcft testic-
ular artery in this study was midway between the

roots of the 5t and 6th lumbar transverse pro-
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cesses, and the right artery sprang at about 0.5
cm cranial to the left. A finding which is in par-
tial agreement with Ghoshal (1975) in camivores,
who mentioned that it is between the 4th and 5th
lumbar vertebre and the right is slightly cranial to
the left. On the contrary, Koch (1970) in the
same animals, stated that left testicular arises cra-
nial to the corresponding right artcry. While
Schummer and Wilkens (1931} mcntioned that
the testicular artery arises at the level of 3rd- 4th
in the dog, 4% in the horse, 4th- 5th i the cat and
sheep and at the 3™ lumbar vertebra in the pig,
goat and ox. Howcever, it arises from the abdomi-
nal aorta at the caudal end of the kidney and may
arise from the renal artery ion the cat (Reighard
and Jennings, 1966), near the origin of the caudal
mesenteric artery in the sheep (May, 1970) and
ventral to the 5t lumbar vertebra in the camel
(Smuts and Bezuidenhout, 1987).

In accordance with Reighard and Jennings (1966)
in the cat, Schummer and Wilkens (1981) and
N.A.V. (2005) in carnivores, the deep circumflex
iliac artery, in the present work, arose from the
abdominal aorta,. On the other hand, Marthen
(1939) in the dog, said that it arises from caudal
mesenteric. Ellenberger and Baum (1891) in the
same animal, May (1970) in the sheep, Smuts
and Bezuidenhout (1987) in the camel, Schum-
mer and Wilkens (1981) and N.A.V.(2005) in the
pig. horse and ruminants, mentioned that it arises

from the external iliac artery.



In agreement with Schummer and Wilkens
(1981) in the doestic animals, the level of termi-
nation of the abdominal aorta in this work was
slightly cranial to the promontory of the sacrum.
Similarly, it lies ventral to the body of 6th and
7t lumbar vertebrae in the carnivores (Ghoshal,

1975) or below the last lumbar vertebra in the

dog (Dyce et al., 1996) and at the level of L.5- L6

in the came! (Smuts & Bezuidenhout, 1987).

In accordance with Ghoshal (1975) and Dyce et
al. (1996) in the dog, May (1970) in the sheep,
Smuts and Bezuidenhout (1987) in the camel,
Schaller (1992) in carnivores, swine and rumi-
nants and Schummer and Wilkens (1981) in the
domestic animals, the abdominal aorta of the red
fox divided into a median sacral and two internal
iliac arteries. The latter authors added that the
median sacral artery is very short in the horse or

may be absent.

REFERENCES

Adams, D.R. (1986): Canine anatomy. 15! Ed. The lowa
State University Press, Ames.

Bednarova, Z . and Malinovsky, L . (1990): Variability of
branching of the a coeliaca {ttuncus coeliacomesenteri-
cus) in the guinea pig (Cavia aperea f. porcellus).” Fo-
lia Morphol (Praha). 1990, 38(4):382-95.

Berg, R. (1962): Systematische Untersuchungen iiber das
Verhalten der Aste der Aorta abdominalis bei Canis fa-
miliaris. Monatshefte fir Veterindrmedizin, 17: 307-

315.

815

Brudnicki, W.; Jablonski, R. and Skoczylas B. (1986):
Przypadek wielokrotnych tetnic nerkowych aa. renales
u jenota {Nyctercutes procyonoides Gray). Zesz. Nau-
kowe ATR w Bydgoszczy. 140 (Zoot. 14): 25-28,

Brudnicki, W.; Jablonski, R.; Skoczylas, B. and Wiland, C.
(1996); Przypadek wiclokrotnych tetnic nerkowych (aa.
renales) u lisa srebrzystego (Vulpes vulpes). Zesz. Nau-
kowg ATR w Bydgoszczy 204 (Zoot. 28).

Douglas, S.W.; Herrtage, M.E. and Williamson, H.D,
(1987): Principles of veterinary radiography. 4th gq,
Baiiliere, Tindall, London, Philadelphia, Toronto.

Dyce, K.M.; Wensing, C.J.M. and Sack, W.0. (1996): Text
book of veterinary anatomy. lSt Ed. W.B. Saunders,
Philadelphia, London, Toronto, Montreal, Sydney, To-
kyo.

Ellenberger, W. and Baum, H. (1891): Systematische und
topographische Anatomie des Hundes. Berlin, Pool,
Parey. Cited by Ghoshal (1975): Carnivore heart and
arteries. In Geltty, R.; Sisson and Grossman's the anato-
my of the domestic animals. sth Ed. W.B. Saunders,
Philadelphia, London, Toronto.

Ghoshal, N.G. (1975): Carnivores, porcine and equines
heart and arteries. In Getly, R.; Sisson and Grossman's
the anatomy of the domestic at_limals. sth Ed. W.B.
Saunders, Philadelphia, L.ondon, Toronto.

Habel, R.E. (1975); Branches of the abdorﬁinal aorta in Ru-
minants heart and arteries. In Getty, R.; Sisson and
Grossman's the anatomy of the domestic animals. sth
Ed. W.B. Saunders, Philadelphia, London, Toronto.

Hudson& Hamilton( 1993): Atlas of feline anatomy for vet-
erinarians. 15t Ed. W.B. Saunders, Philadelphia, Lon-

don, Toronto, Montreal, Sydney, Tokyo.



Koch, T. (1970): Lehrbuch der Veterinar Anatomie. Band
I1. Jena, Veb Gustav Fischer Veriag. Cited by Ghoshal
(1975): Camnivore heart and arteries. In Getty, R.; Sis-
son and Grossman's the anatomy of the domestic ani-
mals. 51" Ed. W.B. Saunders, Philadelphia, London,
Toronto.

Kosik, O. (1923): Variace vetvi aortae abdominalis u psa.
Biologicke opisy Wysoke Skoly Zverolekatsske, Brno
CSSR, 2: 1-23.

Krupp, M. A. (1943): Ratio of the Cross-Section of the
Aorta to That of Its Branches in Man and the Silver
Fox. Journal of Mammalogy, Vol. 24, No. 1, pp. 82-
90.

Marthen, G.  (1939): Uber die Arterien der korperwand
des Hundes. Morph. Jaharb. 84: 187-219. Cited by
Ghoshal (1975): Carnivore heart and arteries. In Getty,
R.; Sisson and Grossman's the anatomy of the domes-
tic animals. St Ed. W.B. Saunders, Philadelphia, Lon-
don, Toronto.

May, N.D.S. (1970): The anatomy of the sheep, 2nd Ed,
University of the Queensland press St.,Laucia, Bris-
bane, Queensland.

Nomina Anatomica Veterinaria (2005): Published by the
international committee on veterinary gross anatomi-
cal nomenclature under the financial responsibility of
the world association of veterinary anatomists. Ithaca,

New York.

8i6

Reighard, J. and Jennings, H.S. ( 1966): Anatomy of the
cat. Third and enlarged Edition. Holt, Rinehart and
Winston. New York. Chicago, San Francisco. Toronto.
Loondon.

Reis, R. H. and Tepe, P. (1965): Variations in the patern of
renal vessels and their relation to the type of posterior
vena cava in the dog (Canis familiaris). Am. J. Anat.,
99: 1-5..

Schaller, Q. (1992): Illustrated Veterinary Anatomical no-
menclature. Ferdinand Enke Verlag Stuttgart,

Schummer, A. and Wilkens, H. (1981): the circulatory sys-
tem, the skin and the cutaneous organs of the domestic
mammals. 15! Ed. Verlag Paul Parey Berlin Hamburg.

Smuts, M\M.S, and Bezuidenhout, A.J. (1987): Anatomy
of the dromedary. Clarendon Press. Oxford.

Wiland, C. and Indykiewicz, P. (1999): multiple renal ar-
teries (Aa. renales ) in mink and dog Electronic Journal
of Polish Agricultural Universities, Veterinary Medi-
cine, Volume 2, Issue 2,

Yousef, G.A.E. (1991): Some Anatomical studies on the
abdominal aorta in the goat Ph.D. Vel. Thesis, Zag.

Univ. Benha Branch.



D S5 ) ) e Ty 8 k8
Qa3 Qe g 4 g0 A00la Bk p gy ) il plaiiiudy
Clngy pilea
Eeor leh dnda (bl Gl LG DY) g 4oy a0 o

e plim B jea bl Aaly S5 2D e 250 o3a <y
g O e 538 %0y il Blan AESY gl sl 13 3
e 135 5 A el gall i el o il Al s 43 40t Aaine
giaaly il Elall 8 Cond B i Al @ pe & el Ll

e e U5 Jhae A0 sale S o0 ) il o sl el
Lt ole g B 1Y Jpa iy ol Qg S 568 5l Ao 8 Ly
el (s e Y L Akl 5 5 Shane e il ¥l i gy
PRSP PR ERS I TECIR R YR JUVAPSTIE RN PR VO PN §
5 dagie S i a3 Ay dandl g g il S . oulshall el oyl p80
stV y ol RRLE il 580y ¢ al) il g o L haal oy B 1
ke L ool el ol 580 Lo JaN sl ol sly ¢ SRl AN i
FUPQRIPPE < B EEQUEVE § JHEL P15 T PRy B | 15 W PR P )
(B8 ) —3 Ldd i) T g 5a Ay plall il s (g snmdy csslS
oot O gala¥l (s 91T o g il A sand cdiid s i L ks
RPT.UNE PO P BT ICVR BPP, | P S B PP P PRI g B
| ) s S Gl Al e L3

e e S s 8y V3 B Rpelady TR S gem Fief g3
Al psalll OIS Lo grad ciailived) il gl 3

817





