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Anatomical Guide for Regional Anesthesia in the
Buffalo in Egypt (Bos bubalis L.)

Farag, F.M., Daghash, S.M., El-Bably, S. H., Sary, R.G. and

Hagrass S.M.

Anatomy and Embryology Department, Faculty of Veterinary Medicine, Cairo University

With 9 figures

Abstract

The present study was conducted on
eight buffaloes (Bos bubalis L.) of ag-
es ranging between 2-7 years. The
specimens were prepared by the rou-
tine anatomical methods used for fix-
ing and manually dissected to expose
the topographic arrangement of the
nerves of flank and face of most clini-
cal importance and commonly sub-
jected to nerve block in cases of the
surgical approaches to the flank as
well as for the minute surgical opera-
tion in the head involving the nostrils,
lips and horns. The definite site of in-
jection of anesthetic drug was also
suggested for each nerve. The study
revealed that, the regional anesthesia
of the mid paralumbar fossa in the buf-
falo was achieved through three distal
paravertebral injections. The most
cranial one for anesthesia of the
costoabdominal nerve, at the upper
part of the flank about 5 cm from the
free end of the second lumbar trans-
verse process and 7 cm caudal to the
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last rib and at a depth of about 3 cm.
The middle one for blocking the iliohy-
pogastric was indicated 5 cm below
the 3™ |umbar transverse process
midway between the last rib cranially
and tuber coxae caudally, while the
most caudal one for anesthesia of the
ilioinguinal nerve inserts was applied
about 5 cm cranial to the tuber coxae,
5 cm below the free end of the 4™
lumbar transverse process.

The infra-orbital, mental and cornual
nerves were the most clinically im-
portant sensory nerves in the head
region. For anesthesia of the infra-
orbital nerve the anesthetic drug was
injected in the vicinity of the infra-
orbital foramen which was situated 1.5
cm dorsal to the first cheek tooth and
about 6 cm rostral to the facial tuber-
cle. For anesthesia of the mental
nerve the needle was inserted at the
middle distance of the lateral surface
of the interalveolar space of the man-
dible between the lateral incisor and
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Regional anesthesia in buffalo

first premolar teeth. For anesthesia of
the cornual nerve, the site of this re-
gional block was midway between the
orbital rim and the base of the homn,
4cm medial to the frontal crest.

The results obtained were photo-
graphed, described and discussed
with those of bovine species.

Keywords: Anatomy, Regional an-
esthesia, Buffalo,

Introduction

The Egyptian water buffalo (Bos bublis
L) was a unique species of buffalo all
over the world, which could accom-
modate different weather changes.
Egypt had not less than 3 million water
buffalos, which could solve feed prob-
lems from meat and milk. Buffalos
constitute an important part of the ar-
ray of domestic animal resources in
Egypt and many other African coun-
tries (Bhatt, 1999; Wilson, 2012). The
buffalos were descended from two dis-
tinct types, swamp buffalos and river-
ine buffalos. The riverine buffalos
found mainly at the Mediterranean ar-
ea from which the Egyptian buffalos
were descended and they were hold
for milk and meat production (Shalash,
1988; Soliman, 2009).

Due to their size and anatomy, cattle
are not very good candidates for gen-
eral anesthesia meaning that many
procedures performed use the local
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techniques. Most surgeries performed
on these patients can be done stand-
ing with a small amount of sedation
and regional nerve blocks (Edmond-
son, 2008). Several features of local
anesthesia render it particularly useful
in veterinary practice and many surgi-
cal procedures could be carried out
satisfactorily under local anesthesia
(Lee, 2006).

In buffalo, the available data about
anesthetic techniques and surgical
affections considered scarce. While in
cattle, several methods of anesthesia
for flank laparotomy have been de-
scribed. In addition, each of them has
some advantages and disadvantages
for clinical use (Roberts, 1986; karda,
1996; Hall, et al., 2001). The present
study is therefore an attempt to pro-
vide an anatomical guide indicating
the accurate site of each nerve supply-
ing the flank region, horns and lips in
relation to bony prominences. Ad-
vantages of this approach: very easy
when we know the morphometric
study of the region, economic not con-
sumes a large amount of anesthetic
drug and in the same time more effec-
tive.

Materials and Methods

The present study was conducted on
eight buffaloes (Bos bubalis L.) of ag-
es ranging between 2 -7 years. Six of
these animals were recently dead
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Regional anesthesia in buffalo

three of each sex and the remaining
two animals were live one of each sex.
The animals were collected from dif-
ferent area in Giza and transported to
the laboratory of the Anatomy and
Embryology Department Faculty of
Veterinary Medicine, Cairo University.
Both common carotid arteries were
thoroughly flushed with warm (40c°)
saline solution and the specimens
were then injected with formalin solu-
tion (10% formalin, 4% phenol, 1%
glycerin), and left to fix for 3-4 days
then manually dissected to investigate
the nerves under investigation. Meas-
urements were applied using Vernier
Calliper to indicated the accurate site
of each nerve in relation to the nearest
bony prominence to decide the best
site for injection of the anaesthetic
drug. The nerves were then coloured
by acrylic colours and photographed.

The two live buffaloes were used for
testing the anaesthetic effect after and
the area of desensitization for each
nerve under investigation. The animals
were tranquilized by 10 mg/kg b.wt.
Xylazine HCL 2% (Xylaject HCL 2 %,
Adwia Co. S.A.E.). The needle of 22
gauges was inserted into the indicated
site for each nerve under investigation
and 10- 15 ml of lidocaine HCL 2 %
(Debocaine HCL 2%, Al-Debeiky
Pharmaceutical Industry Co.-A.R.E)
was injected and waited for 10
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minutes for detection of the anesthetic
drug effect.

The nomenclature used was adopted
according to the Nomina Anatomica
Veterinaria (2012).

Results

Regional anesthesia of the abdominal
wall comprised 3 ventral rami of the
last intercostal, first and second lum-
ber nerves; namely the costoab-
dominal, iliohypogastric and ilioingui-
nal nerves respectively.

N. costoabdominalis

The costoabdominal nerve (Figs 1/1 &
2/2), represented the ventral branch of
the last intercostalis nerve. It de-
scended in zigzag pattern in a ven-
trolateral direction with slight caudal
inclination in the abdominal wall
alongside the M. transverses abdomi-
nis at a distance of about 6.0-7.0 cm
caudal to the last rib. Near the ventral
end of the last rib it divided into lateral
and medial branches. The lateral
branch penetrated the aponeuroses of
the oblique abdominal muscles and
distributed to the M. cutaneous trunci
and skin of the lateral abdominal wall.
The medial branch distributed to the
obligue abdominal muscles and termi-
nated in the M. rectus abdominis as
well as the skin of the ventral ab-
dominal wall. The definite site for
blocking the costoabdominal nerve
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Regional anesthesia in buffalo

(Fig 3/1) was indicated at the upper
part of the flank about 5 cm below the
free end of the second lumbar trans-
verse process and 7 cm caudal to the
last rib (Figs 1/2 & 2/1) and at depth of
about 3 cm penetrating the skin, fascia
and oblique abdominal muscles. The
desensitized area (Fig 3/4) comprised
the cranial part of the flank and skin
and fascia of the ventral abdominal
wall.

N. iliohypogastricus

The lliohypogastric nerve (Figs 1/3 &
2/3) constituted the ventral branch of
the first lumbar spinal nerve. It de-
scended in zigzag pattern in a ven-
trolateral direction with slight caudal
inclination in the abdominal wall
alongside the M. transverses abdomi-
nis at the middle of the distance be-
tween the last rib and the tuber coxae
(Fig 1/4) and divided at the level of the
ventral end of the last rib into lateral
and medial branches which followed
the same course and distribution of
the corresponding branches of the
costoabdominal nerve. The accurate
site for blocking the iliohypogastric
(Fig 3/2) was indicated 5 cm below the
3" |lumbar transverse process at the
mid-distance between the last rib cra-
nially and tuber coxae caudally, about
22-24 cm from each of the later two
points at a depth 3 cm. The desensi-
tized area (Fig 3/5) comprised the
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middle part of both the flank ventral
abdominal wall.

N. llioinguinalis

The llioinguinal nerve (Figs 1/5 & 2/4)
represented the ventral branch of sec-
ond lumbar spinal nerve. It descended
in zigzag pattern in a ventrolateral di-
rection with slight caudal inclination in
the abdominal wall alongside the M.
transverses abdominis at about 5 cm
cranial to the tuber coxae. It divided on
a level with the ventral end of the last
rib into lateral and medial branches
which followed the same course and
distribution of the corresponding bran-
ches of the costoabdominal nerve.
The accurate site for blocking the ili-
oinguinal nerve (Fig 3/3) was indicated
at the upper part of the flank about 5
cm cranial to tuber coxae and about 5
cm below the 4" lumbar transverse
process. The area of destination (Fig
3/6) of the ilioinguinal nerve comprised
the skin and muscles in the caudal
part of the lateral and ventral ab-
dominal wall and to some extent front
of the hip and thigh, lateral surface of
the stifle, the skin of the external geni-
tal organs and the surrounding skin in
the inguinal region and mammary
gland (Fig 1/7).

Regional anesthesia was also applied
in the head region and mostly involved
the infraorbital, mental and cornual
nerve block
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N. infraorbitalis

The infraorbital nerve (Fig 4/1) repre-
sented the continuation of the maxil-
lary branch of the fifth cranial nerve
after it enters the infraorbital canal. It
emerged on the face as a flat band
through the infraorbital foramen where
it was covered by the levator nasola-
bialis muscle and soon divided into
several rami that distributed to the na-
sal region and maxillary lip. For block-
ing the infraorbital nerve (Fig 9/1) the
anesthetic drug was injected in the
vicinity of the infraorbital foramen (Fig
5/3) which was situated 1.5 cm dorsal
to the first cheek tooth (Fig 5/2) and
about 6 cm rostral to the facial tuber-
cle (Fig 5/1). The drug was injected
deep into the levator nasolabialis
muscle and the injection should be
repeated on the opposite side. The
desensitized field (Fig 9/4) comprised
the dorsum nasi and diverticulum nasi,
the nasal vestibule as well as the max-

illary lip.

N. mentalis

The Mental nerve (Fig 4/2) was a
branch of the mandibular alveolar
nerve that emerged via the mental fo-
ramen (Fig 6/2) and divided into three
branches below the depressor anguli
oris muscle These branches distribut-
ed to the skin of the chin as well as the
skin and mucous membrane of the
lower lip. For blocking of mental nerve
(Fig 9/2) the needle was inserted in

J. Vet. Anat.
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the vicinity of the mental foramen at
the middle distance of the lateral sur-
face of the interalveolar space of
mandible between the lateral incisor
(Fig 6/1) and first premolar teeth (Fig
6/3) and the injection should be re-
peated on the opposite side. Injection
of the drug rostral to the level of the
mental foramen induced blocking of
the mental nerve and the desensitized
field (Fig 9/5) comprised the mandibu-
lar lip and chin without teeth or gum
anesthesia. In another trial the needle
was inserted in a rostro-caudal direc-
tion into the mental foramen and 10 mi
of the drug was injected deeply
through the mandibular canal resulting
in additional anesthesia of the man-
dibular cheek and incisor teeth and
gum.

N. cornualis

The cornual nerve (Fig 7/1) emerged
from the caudal opening of the supra-
orbital foramen (Fig 8/2) and proceed-
ed caudolaterally in a special groove
(Fig 8/3) reaching the base of the horn
undercover of the M. orbicularis oculi
and M. frontalis. For blocking the cor-
nual nerve, the agent was deposited
subcutaneously midway between the
orbital rim and the base of the horn
4cm medial to the frontal crest (Fig
9/3).
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Discussion

According to Thomas and Lerche
(2016) the anesthesia of the paralum-
bar fossa and abdominal wall in cattle
can be achieved by several tech-
niques. These techniques include the
proximal paravertebral nerve block,
the distal paravertebral nerve block,
the inverted L block and infusion of the
incision or line block. These anesthetic
techniques are commonly used for
abdominal procedures such as omen-
topexy, abomasopexy, rumenotomy,
cesarean section or other surgical ap-
proaches using a paralumbar fossa
approach. The current investigation in
buffalo indicated the accurate site for
injection of anesthetic drug for each
nerve supplying the flank region and
aimed to consume smaller amount of
anesthetic drug, produced fast action
and in the same time more effective
and also indicated the actual area in-
nervated by each nerve. According to
the present study the main nerves
supplying the flank region were T13,
L1 and L2. For anesthesia of the
costoabdominal nerve (T13) bests site
was indicated at the upper part of the
flank about 5 cm from the free end of
the second lumbar transverse process
and 7 cm caudal to the last rib and at
depth of about 3 cm. The site for
blocking the iliohypogastric (L1) was
indicated 5 cm below the 4"umbar
transverse process midway between
the last rib cranially and tuber coxae
caudally, about 22-24 cm from each of
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the later two points at depth 3 cm. For
anesthesia of ilioinguinal nerve (L2)
the needle was inserted in the upper
part of the flank about 5 cm cranial to
tuber coxae and 5 cm below the 5™
lumbar transverse process. However,
the indicated site for blocking each of
these nerves could be compared fa-
vorably with the distal paravertebral
anesthesia recommended by Ed-
mondson (2008) and Thomas and
lerche (2016). In this concern Vermunt
(1999) reported that, for analgesia of
the right and left paralumbar region,
an area approximately 20 cm wide and
30 cm long should be prepared for
aseptic surgery and analgesia provid-
ed by a line, an inverted ‘L’ or paraver-
tebral block. The paracostal incision
should be started 5 to 7.5 cm ventral
to the transverse process of the sec-
ond lumbar vertebrae and proceed
ventrally and parallel to the last rib for
about 20 cm.

Edmondson (2008) added that, the
inverted L block is a nonspecific re-
gional block in cattle in which a 18-
gauge 3.8-cm needle was used to in-
ject up to a total of 100 ml of local an-
esthetic solution in multiple small in-
jection sites into the tissues bordering
the dorsocaudal aspect of the thir-
teenth rib and ventrolateral aspect of
the transverse processes of the lum-
bar vertebrae. The author also added
that the disadvantages of this tech-
nique include incomplete analgesia
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and muscle relaxation of the deeper
layers of the abdominal wall (particu-
larly in obese animals); possible toxici-
ty after larger doses of anesthetic; and
increased cost because of larger dos-
es of local anesthetic. Nuss et al
(2012) compared two methods of local
anesthesia for laparotomy in cattle in-
cluding the modified infiltration anes-
thesia (MIA) technique consisting of
an incision line block combined with
an inverted L-block, and the proximal
paravertebral anesthesia (PPVA).
They concluded that, both techniques
required a mean of 8 minutes to com-
plete but the MIA method was consid-
ered more difficult than the PPVA. The
PPVA required significantly less pro-
caine than the MIA (144 vs. 195ml).
Comparison of the two techniques with
respect to different types of pain reac-
tions (no reaction, non-specific reac-
tion, specific reaction) during cutting of
the different layers of the abdominal
wall revealed that PPVA provided sig-
nificantly better analgesia than the
MIA. After PPVA, pain reactions to in-
cision of the external oblique ab-
dominal muscle were more severe, but
reactions to abdominal exploration and
to suturing the two oblique abdominal
muscles were significantly milder than
after MIA.

In the present study anesthesia of the

infraorbital nerve was achieved by in-
jection of 5 ml procaine hydrochloride
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2% in the vicinity of the infraorbital fo-
ramen which was situated 1.5 cm dor-
sal to the first cheek tooth and about 6
cm rostral to the facial tubercle on the
same frontal level. The desensitized
area comprised the dorsum nasi and
diverticulum nasi, the nasal vestibule
and superior lip, the maxillary lip, and
labial mucous membrane. Edward
(2001), Edmondson (2008) and
Hussain et al (2009) reported that the
infraorbital nerve was the continuation
of the maxillary branch of the fifth cra-
nial nerve after it entered the infraor-
bital canal and emerged on the face
as a flat band through the infraorbital
foramen where it was covered by the
levator nasolabialis muscle The infra-
orbital nerve was blocked as it
emerged from the infraorbital canal.
The nerve is difficult to palpate but is
located rostral to the facial tuberosity
on a line extending from the naso-
maxillary notch to the second upper
premolar. The latter author added that
the infraorbital nerve block may be
used for the repair of nasal lacerations
and the placement of a nose ring.

In agreement with Park et al (2014)
and Jaber et al (2013) the mental
nerve was a branch of the mandibular
alveolar nerve that emerged via the
mental foramen and divided into three
branches which are distributed to the
skin of the chin and as well as the skin
and mucous membrane of the lower

Vol. 10, No. 2, (2017) 1 - 15



Regional anesthesia in buffalo

lip. They added that, the mental nerve
block is a simple technique to supply
anesthesia to this area and that the
lacerations of the lower lip and of the
facial soft tissues in the lower chin re-
quire proper anesthesia to ensure ad-
equate cosmetic closure. The present
study indicated the accurate site for
applying the mental nerve block at the
middle distance of the lateral surface
of the interalveolar space of the man-
dible between the lateral incisor and
first premolar teeth. Mohamed and
Fathy (2015) indicated the site of the
mental nerve in donkey just rostral to
the 15t premolar.

In agreement with Allouch (2014) in
bovine and Kataba et al. (2014) in
goat, the parameters of the mental
foramen were vital landmarks for in-
jection of local anesthetic drugs in the
mandibular canal via the mental fora-
men for blocking the infra-alveolar
nerve, so desensitization of the lower
jaw with its teeth and the lower lip will
be occurred and this method was eas-
ier and avoided all risks of blood ves-
sel injures in case of the mandibular
alveolar nerve block.

In agreement with Navarre (2006) and
Edmondson (2008) in cattle and Pra-
sad et al (2016) in buffalo the cornual
nerve block is used for anesthesia for
dehorning cattle. The horn and the
skin around the base of the horn are
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innervated by the cornual branch of
the lacrimal or zygomaticotemporal
nerve, which is part of the ophthalmic
division of the trigeminal nerve. The
cornual nerve passes through the pe-
riorbital tissues dorsally and runs
along the frontal crest to the base of
the hormns. The authors mentioned that
the cornual nerve was blocked by in-
jection of the anesthetic drug midway
between the lateral canthus of the eye
and the base of the horn along the
zygomatic process. Similar observa-
tions were recorded in the present
study that revealed that the cornual
nerve in buffalo follows a relatively
higher course about 4cm medial to
the frontal crest. EImore (1980) added
that well-developed horns require ad-
ditional anesthetic infiltration along the
caudal aspect of the horn, in the form
of a partial ring block, to desensitize
subcutaneous branches of the second
cervical nerve.
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Fig (1): A photograph showing the nerves of the flank region in the buffalo.
1N. costoabdominalis, 2 Last rib, 3 N. iliohypogastricus, 4 Tuber coxae, 5 N. llicingui-
nalis, 6 Genitofemoralis, 7 Mammae.

Fig (2): A photograph for a dissected flank of buffalo showing the distance between

each nerve.
1 Last rib, 2 N. costoabdominalis, 3 N. iliohypogastricus, 4 N. ilioinguinalis, 5 N. genito-

femoralis, 6 M. obliquus externus abdominis, 7 M. rectus abdominis.
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Fig (3): A photograph showing sites of nerve block of each nerve in the flank of buf-
falo.

1 Site for block of N. costoabdominalis, 2 Site for block of N. iliohypogastricus, 3 Site for
block of N. ilioinguinalis, 4 Desensitized area of N. costoabdominalis, 5 Desensitized area
of N. iliohypogastricus, 6 Desensitized area of N. ilioinguinalis.

Figure (4): A photograph showing the infraorbital and mental nerve of buffalo.
1. N.infraorbitalis. 2. N. mentalis.
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1

Figure (5): A photograph for the skull of buffalo showing the infraorbital foramen

and its relation to the facial tubercle.
1 Tuber faciale, 2 Dentes premolars |, 3 Foramen infraorbitale, 4 Orbital rim, 5 Os nasale,

6 Os incisivum.

Figure (6): A photograph for the mandible of buffalo showing the mental foramen.
1 Dentes incisivi lateralis, 2 Foramen mentalis, 3 Dentes premolars |.
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Figure (7): A photograph for a dissected head of buffalo showing the cornual nerve.
1 N. Cornualis, 2 Processus cornualis, 3. Orbital rim

Figure (8): A photograph for the skull of buffalo showing the course of the cor-

nual nerve.
1 Foramen supraorbitalis caudalis, 2 Foramen supraorbitalis rostralis, 3 Groove for N.

cornualis, 4 Processus cornualis, 5 Orbital rim, 6 Linea temporalis.
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Figure (9): A photograph showing sites of nerve blocks in the head of buffalo.

1 Site for block of N. infraorbitalis, 2 Site for block of N. mentalis, 3 Site for block of N.
cornualis, 4 Desensitized area of N. infraorbitalis, 5 Desensitized area of N. mentalis, 6
Desensitized area of N. cornualis.
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Animal species of this issue

Water buffalo (Bubalus bubalis)

Kingdom: Animalia & Phylum: Chordata & Class: Mammalia & Order: Artiodactyla &
& Family: Bovidae & Subfamily: Bovinae & Tribe: Bovini & Genus: Bubalus & Species: B. bubalis

The water buffalo or domestic Asian water buffalo (Bubalus bubalis) is a large bovine
animal, frequently used as livestock in southern Asia, and also widely in South America,
southern Europe, north Africa, and elsewhere.

Buffalo are used as draft, meat, and dairy animals. Their dung is used as a fertilizer and
as a fuel when dried. In Chonburi, Thailand, and in South western region of Karnataka,
India, there are annual water buffalo races known as Kambala. A few have also found
use as pack animals carrying loads even for special forces.

Adult Water Buffalo range in size from 400 to 900 kg for the domestic breeds, while the
wild animals are nearly 3 m long and 2 m tall, weighing up to 1,200 kg; females are
about two-thirds this size.

River buffalo are usually black and have long curled horns, whereas swamp buffalo can
be black or white, or both, with gently curved horns. The largest recorded horns are just
under 2 metres long.

Source: Wikipedia, the free encyclopaedia



Paranasal sinuses of the buffalo

Farag et al.

Anatomic and Radiographic Studies on the Parana-
sal Sinuses of the Buffalo in Egypt (Bos bubalis, L.)

Farag, F.M.M., Hagrass S.M., Daghash, S.M., El-Bably, S. H.

and Sary, R.G.

Anatomy and Embryology Department, Faculty of Veterinary Medicine, Cairo University

With 9 figures

Abstract

This survey was applied on the pa-
ranasal sinuses of the Buffalo in
Egypt (Bos bubalis L.) and its surgi-
cal approach. Ten adult buffaloe
heads of ages ranging between 2 -7
years were used. Six of these heads
were used for dry skull preparation
while the other four were used for
radiography and cross sections. The
study concluded that, in addition to
sinuses conchales, four paranasal
sinuses have been found to occur in
adult buffalo comprising the sinus
frontalis, sinus maxillaris, sinus palat-
inus and sinus lacrimalis. The ana-
tomical and radiographic description
of these paranasal sinuses as well
as its dimensions and communica-
tions has been mentioned. Two sites
for trephination of the frontal sinus
could be indicated.Trephining the
rostral frontal sinus through was indi-
cated at the middle of a transverse
line extending between the caudal
margins of the orbital rim to the me-
dian plane while trephination site to
gain the caudal frontal sinus was in-
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dicated at the middle of another
transverse line extending from the
middle of the base the horn to the
median plane. Surgical approach of
the maxillary sinus for trephining
could be indicated on a vertical line
extending upward from the caudal
margin of the 2" premolar for about
4.0-4.5 cm.

Keywords: Anatomy, Radiography,
Paranasal Sinuses, Buffalo.

Introduction

The paranasal sinuses are air-filled
spaces located within the bones of
the skull and face. They are cen-
tered on the nasal cavity and have
various functions, including lighten-
ing the weight of the head, humidify-
ing and heating inhaled air, increas-
ing the resonance of speech (in hu-
man), and serving as a crumple
zone to protect vital structures in the
event of facial trauma (Reddy and
Dev, 2012; Dalgorf and Harvey,
2013). However, their role in in-
creasing the thermal and mechanical
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protection of the brain, without con-
currently increasing the weight of the
skull, being proposed. It is to add
that the hypothesis that these sinus-
es are functionless and are formed
as result of the removal of mechani-
cally unnecessary bone, a process
which was desighated as opportun-
istic pneumatisation’ (Farke, 2010).
The paranasal sinuses in bovine
comprised the frontal, maxillary, lac-
rimal, palatine, sphenoid and nasal
conchal sinuses. Some of these si-
nuses communicate with each other
while others open independently into
the nasal meatus. In cattle, the pa-
ranasal sinuses continue to develop,
changing in shape and size, up to
seven years of age (Dyce et al.
2010). Alsafy et al (2012) studied a
computed tomography of paranasal
sinuses and their communications in
the Egyptian buffalo while Basso et
al (2016) compared between three
techniques for videosinuscopy in
cattle.

Among the pathologies of the sinus-
es, an inflammatory process called
sinusitis stands out. In cattle, the
leading cause of frontal sinusitis is
associated with dehorning, as about
2% of surgically dehorned animals
develop this disease (Silva, 2008). It
can also be associated with respira-
tory infections, trepanations or frac-
tures with frontal sinus exposure,
cysts or nasal cancer (Smith, 2006).
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However, this study is undertaken to
extend knowledge of the topography
of the paranasal sinuses in the buf-
falo and suggest best sites for surgi-
cal approach to these sinuses, which
may be helpful for surgeons in tre-
phining of the sinuses and dehorn-

ing.

Materials and Methods

The present study was applied on
ten heads of buffaloes of age 2 -7
years collected from the slaughter-
houses in Giza and transported to
the laboratory of the Anatomy and
Embryology Department Faculty of
Veterinary Medicine, Cairo Universi-
ty. Six of these heads were used for
dry skull preparation while the other
four were used for radiography and
cross sections.

Anatomical cross sections were per-
formed on two buffalo’s heads (one
fresh and one frozen) by using table
of a band saw and transverse sec-
tions were cut at the level of last mo-
lar check tooth, first premolar check
tooth and middle of interdental
space. Slices were numbered and
gently cleaned from debris with wa-
ter and light brushing and were pho-
tographed immediately with the cau-
dal and cranial surfaces of each
slice facing the camera. Radio-
graphs were performed on two other
fresh heads at 55 k v 30-70 MA, 0.5
second and FFd 70 cm.
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Skulls preparation was adopted ac-
cording to Hildebrand (1968) and
Lee post (2005). Manual and electric
saws were used for sagittal sections
in three skulls and another three
skulls were used for exposure of
frontal, maxillary, palatine and lacri-
mal sinuses. Vernier caliper was
used to measure different dimen-
sions of each sinus. The access to
the sinuses was carried out by a tre-
phining technique, first with a drill,
making a small skull opening, then
amplified by rotational moves with a
20mm circular trephine. The chosen
sites for trephination were based on
the anatomy and measurements of
the frontal and maxillary sinuses.
The nomenclature used was adopt-
ed according to the Nomina Anatom-
ica Veterinaria (2012).

Results

The major paranasal sinuses in buf-
falo comprised the frontal, maxillary,
palatine, and lacrimal sinuses.

Sinus frontalis

The frontal sinus is the largest of the
paranasal sinuses in the buffalo. It
was extensive, excavated almost all
the frontal bone (Fig 3/10), and a
large part of the caudal and lateral
wall of the cranium, invading also the
parietal, interparietal and extended
for a variable distance into the core
of the cornual process (Figs 1/4 &
2/3). A complete median septum

J. Vet. Anat.
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separated the right and left sinuses.
It was in the form of a rectangular
space, narrow at its rostral portion
and widen gradually in caudal direc-
tion. The outer limit of each sinus
could be indicated rostrally by an im-
aginary line extending transversely
through the rostral margin of the or-
bits passing through the rostral end
of the rostral supraorbital groove. It
was bounded caudally by the occipi-
tal bone and laterally by the frontal
crest and temporal bone and ex-
tended medially to the median plane
which indicates the site of the inter-
frontal septum. The cavity of the
frontal sinus was divided into two
main sinuses, rostral and caudal by
an inverted V- shaped incomplete
septum (Fig 1/10) which started from
the middle of the base and extended
rostromedially to about the middle of
the sinus where it formed an acute
angle, then redirected caudomedially
to join the interfrontal septum.

The rostral frontal sinus was larger
and further divided by two irregular
incomplete sagittal partitions into
three compartments; lateral, inter-
mediate and medial. Each of these
compartments was further subdivid-
ed by fine boney plates into minor
compartments. The lateral compart-
ment (Fig 1/1) was the longest one,
wide near its middle and narrowed
both rostrally and caudally.

The supraorbital canal (Fig 1/9),
extended as short canal passing
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through the lateral margin of this
compartment through an irregular
bony septum. From this compart-
ment extended two diverticula; a
postorbital diverticulum and cornual
diverticulum. The postorbital diver-
ticulum was situated about the mid-
dle of the lateral compartment and
was about 2.5-3.0 cm in depth and
was divided by 2-3 smaller lamellae.
The cornual diverticulum extended
from the caudal part of the lateral
compartment into the core of the
cornual process where it divided into
two recesses a rostral and a caudal
one. The rostral recess (Fig 1/5) was
shorter measuring about 9 cm long
from the base of the horn while the
caudal recess (Fig 1/6) was longer
extended for about 14 cm into the
cornual process. The intermediate
compartment (Fig 1/2) was the nar-
rowest and shortest of the three
subdivisions of the rostral frontal si-
nus. The medial compartment (Fig
1/3) was a narrow space adjacent to
the interfrontal septum. It was wider
rostrally and narrow caudally.

The caudal frontal sinus (Fig 1/7)
was in the form of wide triangular
space with its apex rostrally and the
base caudally situated. Its apex
could be indicated by a transverse
line extending from the middle of the
distance between the caudal margin
of the orbital rim and base of the
horn to the midline, while its base
towards the occipital bone. The cau-
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domedial portion of the sinus formed
the nuchal diverticulum (Fig 1/8) in
the form of transverse excavation of
about 3.5 cm in depth. It invaded the
well-developed parietal bone to the
level of the nuchal crest and was
divided by 3-4 lamellae into smaller
sub compartments. Measurements
revealed that the frontal sinus
measured about 18-20 cm in length.
Its width was about 5.0 - 6.5 at its
rostral part and widen gradually in
caudal direction reaching its maxi-
mum width on the level of the middle
of the horn base where it measured
9.0-10.0 cm. Its maximum height
measured about 3.0-4.0 cm near its
middle portion. The rostral frontal
sinus was communicated with the
cavity of the dorsal turbinate through
the conchofrontal opening and with
the lacrimal sinus through small fron-
tolacrimal opening and communicat-
ed with the nasal cavity through a
nasofrontal opening into the eth-
moidal meatuses. No direct connec-
tion of the caudal frontal sinus with
either the nasal cavity or other si-
nuses could be observed.

Two sites for trephination of the
frontal sinus could be indicated.
Trephining the rostral frontal sinus
(Fig 2/1) is at the middle of a trans-
verse line extending between the
caudal margins of the orbital rim to
the median plane. Trephination site
to gain the caudal frontal sinus (Fig
2/2) is the middle of another trans-
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verse line extending from the middle
of the base the horn to the median
plane.

Sinus maxillaris

The maxillary sinus (Fig 3/6 and 4)
was an extensive excavation which
occupied entirely the maxilla (Fig
3/1) and extended into the adjoin
part of the lacrimal (Fig 5/4) and zy-
gomatic bones (Figs 3/7 & 5/5). It
was nearly triangular in outline with
its apex rostrally coincided the facial
tuberosity (Fig 3/2) at the level of the
caudal margin of the 2" premolar. It
widen gradually in caudal direction till
reaching its maximum width at the
level of the last molar tooth where it
began to be narrowed at its most
caudal portion where it embraced the
rostral and ventral margin of the or-
bital rim and continued caudally into
the thin-walled lacrimal bulla (Fig
5/6). The dorsal limit of the sinus
was indicated by a line extending
from the facial tuberosity to the ros-
tral margin of the orbital rim (Fig 4/5),
while the ventral limit was about 2.5
cm above alveolar border (Fig 4/6) of
the maxillary cheek teeth.

The cavity of the maxillary sinus was
nearly prismatic in shape and not
divided by any partition. Its average
length was about 10.0-11.5 cm while
its height was about 1.0 cm at its
apex and its maximum height at the
level of the last molar tooth was
about 7.0-8.0 cm. The transverse
width of the sinus also increases in
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caudal direction from about 0.8 cm
at its rostral part to about 3.5 cm at
its caudal part. The floor of the sinus
was irregular where the roots of the
last three or four cheek teeth project
up, being covered by a plate of
bone. In cross section of the head,
the maxillary sinus began to appear
at the level of caudal margin of the
2"4 premolar tooth.

The maxillary sinus was communi-
cated with the nasal cavity through
the small slit-like 0.4-0.5 cm in
length, nasomaxillary orifice, near
its rostral portion on the level of the
39 premolar at a height of about 2.0
cm from the floor of the sinus. This
location was relatively high and
might hinder the natural drainage of
the pus or other fluids from the max-
illary sinus. It was also communicat-
ed with the caudal part of the pala-
tine sinus through an extensive
maxillopalatine opening (Fig 4/3)
which was an oval opening located
over the infraorbital canal (Fig 4/4)
just caudal to the nasomaxillary ori-
fice, at a level extending between
the caudal margin of the 3™ premolar
to the caudal margin of the 2" molar
teeth. It was also communicated with
the lacrimal sinus through maxil-
lolacrimal opening on a level with
the last molar tooth. Surgical ap-
proach of the maxillary sinus for tre-
phining (Fig 5/3) could be indicated
on a vertical line extending upward
from the caudal margin of the 3™
premolar for about 4.0-4.5 cm.
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Sinus palatinus

The palatine sinus (Figs 6, 7/1, 8/6)
was represented by an extensive ex-
cavation in the horizontal part of the
palatine bone and the palatine pro-
cess of the maxilla and considered
the second in size after the frontal
sinus. The right and left sinuses were
separated by an, undulant interpala-
tine septum. Its caudal limit coincid-
ed the caudal border of the palate
bone, about 4 cm caudal to the last
molar tooth while its rostral limit ex-
tended to a level about 2.5-3.5 cm in
front of the first premolar tooth. The
sinus cavity was subdivided into two
unequal compartments caudal and
rostral by incomplete transverse
bony partitions (Fig 6/4) arising from
the floor of sinus. The caudal part of
the sinus (Fig 6/5) was the largest of
the two compartments and appeared
quadrilateral in sagittal section of the
palate. It measured about 7.5-8.5 cm
long and 3.5-4.0 cm width. It was
traversed obliquely by the palatine
canal, and communicated with the
maxillary sinus by maxillopalatine
opening (Fig 4/3) over the infraorbital
canal (Fig 4/4). The rostral com-
partment (Fig 6/3), appeared triangu-
lar in the sagittal section of the palate
with its narrow apex rostrally and
wide base caudally. It measured
about 6.5- 7.5 cm in length and max-
imum width about 3.5 cm at is base.
In cross section, the palatine sinus
appeared at the level of last molar
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tooth (Fig 7), at the level of the first
premolar check tooth (Fig 8).

Sinus lacrimalis

The lacrimal sinus (Fig 3/9) was in
the form of small quadrilateral exca-
vation mainly in the lacrimal as well
as the small adjoin portion of the
frontal bone while its medial wall was
formed by lateral mass of the eth-
moidal bone at the rostromedial por-
tion of the orbit. It measured about
3.5-5.0 cm in length and about 2.0-
2.5 cm width. The nasolacrimal duct
traversed its lateral wall and it was
communicated at its rostral end with
the maxillary sinus through maxil-
lolacrimal opening and at its caudal
end with the lateral compartment of
the rostral frontal sinus through fron-
tolacrimal opening and thus the lac-
rimal sinus considered as an indirect
communicator between the maxillary
and frontal sinuses.

Discussion

In accordance with Saigal and
Khatra (1977) and Eshrah (2006) the
paranasal sinuses in the buffaloes
comprised the frontal, maxillary, pal-
atine and lacrimal, while the sphe-
noid sinus was not observed in any
of the examined specimens. Alsafy
et al. (2012) mentioned that the
sphenoid sinus was noticeable small
and shallow only in two specimens.
On the other hand, Eshrah (2006)
and Alsafy et al. (2014) mentioned
that the latter sinus was well devel-
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oped in camel while the palatine si-
nus was absent. He added that, the
palatine sinus was absent in camel
while the lacrimal sinus was absent
in donkey. Budras et al. (2011) clas-
sified the paranasal Sinuses of the
ox into two groups. Group | were
those sinuses which open into the
middle nasal meatus and comprised
the maxillary, lacrimal, palatine in
addition to the dorsal and ventral
conchal sinuses while group Il were
those sinuses that open in the eth-
moidal meatuses and constituted the
frontal and sphenoid in addition to
the middle conchal sinuses.

The present study declared that the
frontal sinus in the buffalo was ex-
tensive and excavated almost all the
frontal bone and a large part of the
caudal and lateral wall of the crani-
um, invading also the parietal, inter-
parietal bones. Budras et al. (2011)
in ox mentioned that the frontal sinus
also excavated part of the occipital
and temporal bones an, observation
which could not be ascertained in
buffalo. In agreement with Alsafy et
al. (2012) in buffalo, Budras et al.
(2011) in ox, and Farke (2010) in
Bovidae the right and left frontal si-
nuses were separated by complete
interfrontal septum. In this respect, in
cattle, El-Hagri (1967) found a com-
munication between the two frontal
sinuses caudally where the inter-
frontal septum was deficient.

The present study revealed that, the
frontal sinus was divided into two
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main sinuses, rostral and caudal by
an inverted V- shaped incomplete
septum which started from the mid-
dle of the base and extended
rostromedially to about the middle of
the sinus where it formed an acute
angle then redirected caudomedially
to join the interfrontal septum. Bu-
dras et al. (2011) mentioned that the
division of the sinus in the ox was
achieved through an oblique trans-
verse septum that runs from the
middle of the orbit caudomedially to
join the median septum in the trans-
verse plane of the caudal margin of
the orbit. In this respect Eshrah
(2006) and Alsafy et al. (2012) in the
buffalo mentioned that, a transverse
obligue septum at the level of the
perpendicular plate of the ethmoid
bone separated the larger caudal
frontal sinus from the smaller rostral
frontal sinus. However, in accord-
ance with the latter authors the ros-
tral frontal sinus was further divided
into medial, intermediate and lateral
sinuses. Saigal and Khatra (1977)
added that the caudal frontal sinus
was divided into medial and lateral
compartments by an oblique septum
and also mentioned that the frontal
sinus was divided into numerous in-
terconnected diverticula by ridges
and partial septa. Eshrah (2006) and
Alsafy et al. (2012) in buffalo added
that an incomplete oblique trans-
verse septum divided the caudal
frontal sinus into large caudolateral
and small rostromedial sinuses was
present. Moreover, Osman et al.
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(2012) and Kareem and Sawad
(2016) mentioned that in goat, the
frontal sinus was demarcated into
large lateral frontal sinus caudally,
and small medial frontal sinus ros-
trally.

The present study reported that, su-
praorbital canal invaded the rostral
frontal sinus as short canal passing
through the lateral margin of the lat-
eral compartment through an irregu-
lar bony septum. On the contrary,
Budras et al. (2011) in ox, as well as
in the buffalo of this study, men-
tioned that this canal traversed the
caudal frontal sinus.

In Accordance with Budras et al.
(2011) in cattle, the frontal sinus had
three clinically important diverticula:
the nuchal, cornual, and postorbital
diverticula. However, the latter au-
thors and Alsafy et al. (2012) men-
tioned that these three diverticula
were derived from the caudal frontal
sinus while the present study re-
vealed that only the nuchal diverticu-
lum was partitioned from the caudal
frontal sinus while the cornual and
postorbital diverticula were protract-
ed from the rostral frontal sinus. The
current investigation recorded an ex-
tensive nuchal diverticulum, which
excavated the well-developed parie-
tal bone. It is further subdivided by 3-
4 lamellae into smaller subcompart-
ments, which is in agreement with
the findings of Saigal and Khatra
(1977), Kumar and Dhingra (1980)
and Alsafy et al (2012) in buffalo.
Kumar and Dhingra (1980) added
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that both the cornual and nuchal di-
verticula were absent in the buffalo
calf.

In buffalo the rostral frontal sinus
was communicated with the cavity of
the dorsal turbinate through the con-
chofrontal opening and with the lac-
rimal sinus through small fronto-
lacrimal opening and communicated
with the nasal cavity through the na-
sofrontal opening into the ethmoidal
meatuses but no direct connection of
the caudal frontal sinus with either
the nasal cavity or other sinus could
be observed. In this respect, Alsafy
et al. (2012) in buffalo reported that
all rostral frontal sinus compartments
communicated separately with the
ethmoidal meatus and rostrally with
the dorsal nasal conchal sinus by
nasofrontal opening. Budras et al.
(2011) in cattle added that also the
caudal frontal sinus has only one ap-
erture: at its rostral extremity, there is
a small outlet to an ethmoid meatus.
A result, which could not observed in
any of the examined buffalo speci-
mens.

The present work indicated two sites
for trephination of the frontal sinus.
Trephining the rostral frontal sinus
through was indicated at the middle
of a transverse line extending be-
tween the caudal margins of the or-
bital rim to the median plane while
trephination site to gain the caudal
frontal sinus was indicated at the
middle of another transverse line ex-
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tending from the middle of the base
of the horn to the median plane. The
site for trephination of the caudola-
teral compartment of the sinus is at
the mid-distance between the base
of the horn and the median plane.
Saigal and Khatra (1977) and Alsafy
et al. (2012) mentioned that the most
suitable site of trephining the maxil-
lary sinus could be located at about
the midpoint between the infraorbital
margin and the facial tuber. They al-
so added that the most suitable tre-
phining site of frontal sinus is on a
line joining the middles of temporal
regions about midway between the
median plane and the lateral margin
of the head. Basso et al. (2016) in
bovine mentioned that the trephina-
tion areas and sinuses were selected
based on anatomy, but they may be
modified according to the purposes
of the exam. The authors identified
three main areas for trephination
comprising the nuchal diverticulum,
the caudal region of the sinus as well
as postorbital region and added that
exploration of the rostral portion of
the sinus was complicated by the
presence of large numbers of intrasi-
nusal lamellae resulting in irregular
areas which prevent the insertion of
endoscopes through the proposed
access. Eshrah (2006) indicated the
suitable site for trephination of frontal
sinus in buffalo was located on both
sides of intersection point of a line
joined between the rostral borders of
base of horns and midline. While in
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camel the point of trephination was
located on both sides of intersection
point of a line joined between the
caudal border of orbits and midline.
While in donkey it was located on
both sides of intersection point of a
line joined between the supraorbital
foramen and midline.

In agreement with Eshrah (2006) and
Alsafy et al. (2012) in buffalo, the
maxillary sinus was nearly triangular
in outline and extended from the fa-
cial tuberosity rostrally to the orbital
rim caudally and extended into the
thin walled lacrimal bulla. Similar the
observation of Eshrah (2006) the
maxillary sinus in buffalo was a sin-
gle sinus had no partition, while the
same author mentioned that, in don-
key it divided unequally by an
oblique osseous partition into a ros-
tral maxillary sinus and a caudal
maxillary sinus. The present study
revealed that, maxillary sinus was
communicated with the nasal cavity
through the small slit-like 0.4-0.5 cm
in length, nasomaxillary orifice near
its rostral portion on the level of the
3" premolar at height of about 2.0
cm from the floor of the sinus. This
location was relatively high and
might hinder the natural drainage of
the pus or other fluids from the maxil-
lary sinus. It was also communicated
with the caudal part the palatine si-
nus through an extensive maxillopal-
atine opening and with the lacrimal
sinus through maxillolacrimal open-
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ing. Alsafy et al. (2012) in buffalo
mentioned that, the nasomaxillary
opening was situated on the medial
wall midway between the orbit and
facial tuber at a level from 1 molar
to 3" molar teeth. According to Sai-
gal and Khatra (1977), the naso-
maxillary opening was not distin-
guishable because of its continuity
with the defect in the roof of palatine
sinus, whereas in ox, it was much
narrower and lied dorsal to the maxil-
lopalatine opening. In small rumi-
nants, it lied in dorsal passage of the
middle conchal meatus caudally
(Nickel et al., 1986). Eshrah (2006)
mentioned that the maxillolacrimal
opening was not observed in buffalo
but present in camel.

Eshrah (2006) declared that the suit-
able site for trephination of the maxil-
lary sinus in buffalo was located at a
point 2.5 cm caudal to infraorbital
foramen and 2.5 cm dorsal this fo-
ramen. In this respect Saigal and
Khatra (1977) and Alsafy et al.
(2012) in buffalo mentioned that the
most suitable site of trephining the
maxillary sinus could be located at
about the midpoint between the in-
fraorbital margin and the facial tuber.
In the view of the morphometric stud-
ies applied in the present study the
suggested sites were considered
rostral to the rostral limit of the sinus
and mostly leads to the nasal cavity,
and the accurate site for trephining
the sinus was indicated on a vertical
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line extending upward from the cau-
dal margin of the 2™ premolar for
about 4.0-4.5 cm.

The current investigation confirmed
the observation of Alsafy et al.
(2012) in buffalo that the palatine si-
nus was located within the horizontal
part of the palatine bone and the
palatine process of the maxilla and
that the right and left sinuses were
separated by an, undulant interpala-
tine septum and the sinus cavity was
subdivided into two compartments
caudal and rostral by incomplete
transverse bony partitions. Eshrah
(2006) reported that in buffalo and
donkey the cavity of sinuses partly
were divided by bony specules into
several diverticulae 3-4 in buffalo
and 2 -3 in donkey. The author also
added that, the palatine sinus in buf-
falo lacked bony roof that permit mu-
cous membrane of nasal cavity to lie
back to back against that of palatine
sinus. An observation, which was
not documented in the present study.
Kareem and Sawad (2016) recorded
pyramidal shaped palatine sinus in
goat.

In accordance with Alsafy et al.
(2012) in buffalo, the lacrimal sinus
was in the form of small excavation
mainly in the lacrimal as well as the
small adjoin portion of the frontal
bone while its medial wall was
formed by lateral mass of the eth-
moidal bone at the rostromedial por-
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tion of the orbit and that the na-
solacrimal duct traversed its lateral
wall. Eshrah (2006) mentioned that
he cavity of the lacrimal sinus in buf-
falo was irregular due to the pres-
ence of bony specules divided it into
3-4 diverticulae. In confirmation with
Eshrah (2006) and Alsafy et al.
(2012) in buffalo the lacrimal sinus
was communicated with the maxillary
sinus by maxillolacrimal opening. In
addition, the present study revealed
that the lacrimal sinus was also
communicated with the lateral com-
partment of the rostral frontal sinus
through frontolacrimal opening and
thus the lacrimal sinus is considered
as an indirect communicator be-
tween the maxillary and frontal si-
nuses. Such communication was
achieved through direct frontomaxil-
lary opening in the donkey as rec-
orded by Eshrah (2006) and El-
Gendy and Alsafy, (2010) and in the
Arabian foal by Bahar et al. (2014).
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Fig (1): A photograph showing the frontal sinus of buffalo, dorsal view.

1 Sinus frontalis rostralis lateralis, 2 Sinus frontalis rostralis intermedius, 3 Sinus
frontalis rostralis medialis, 4 Processus cornualis, 5 Recess rostralis, 6 Recess
caudalis, 7 Sinus frontalis caudalis, 8 Diverticulum nuchalis, 9 Canalis supraor-
bitalis, 10 Inverted V- shaped incomplete septum.

Fig (2): A photograph of a skull of buffalo, dorsal view, showing the sites of

approach of frontal sinus.
1 Site for trephining of Sinus frontalis rostralis, 2 Site for trephining of Sinus
frontalis caudalis, 3 Processus cornualis, 4 Margo orbitalis.
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6

Fig (3): A photograph showing the maxillary and lacrimal sinus of buffalo.

1 Maxilla, 2 Tuber faciale, 3 Dentes molars I, 4 Dentes molars Il, 5 Dentes mo-
lars Ill, 6 Sinus maxillaris, 7 Os zygomaticum, 8 Margo orbitalis, 9 Sinus lacrimal-
is, 10 Os frontale, 11 Sinus frontalis.
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Fig (4): A photograph showing the maxillary sinus in a skull of buffalo, lat-
eral view.

1 Dentes molars lll, 2 Dentes premolars |, 3 Apertura maxillopalatina, 4 Canalis
infraorbitalis, 5 Margo orbitalis, 6 Margo alveolaris.

Fig (5): A photograph of a skull of buffalo, lateral view, showing the site of
approach of maxillary sinus.

1 Dentes molars lll, 2 Dentes premolars |, 3 Site for trephining of sinus maxillaris,
4 Os lacrimale, 5 Os zygomaticum, 6 Bulla lacrimalis.
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Fig (6): A photograph of a sagittal section in a skull of buffalo showing the
palatine sinus.

1 Dentes molars lll, 2 Dentes premolars |, 3 Sinus palatinus rostralis, 4 Incom-
plete transverse bony partitions, 5 Sinus palatinus caudalis.

Fig (7): A photograph showing a cross section in the nasal cavity of buffalo
at the level of last molar tooth.

1 Sinus palatinus, 2 Concha nasalis dorsalis, 3 Dorsal part of Concha nasalis ven-
tralis, 4 ventral part of Concha nasalis ventralis, 5 Meatus nasi medius, 6 Meatus
nasi ventralis, 7 Meatus nasi communis, 8 Septum nasi osseum, 9 canalis na-
solacrimalis, 10 sinus maxillaris, 11 canalis infraorbitalis.
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Fig (8): A photograph showing a cross section in the nasal cavity of buffalo
at the level of first premolar tooth.

1 Septum nasi osseum, 2 Dorsal part of Concha nasalis ventralis, 3 Basal lamel-
la, 4 ventral part of Concha nasalis ventralis, 5 Meatus nasi ventralis, 6 Sinus
palatinus, 7 Vomer, 8 Meatus nasi communis, 9 Meatus nasi medius, 10 Con-
cha nasalis dorsalis, 11 Meatus nasi dorsalis.
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Fig (9): A photograph of X-ray on the head of buffalo, lateral view.
1Sinus frontalis, 2 Sinus lacrimalis, 3 Sinus maxillaris, 4 Sinus palatinus.
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Red Fox (Vulpes vulpes, Demarest 1820)

s <2

Kingdom: Animalia & Phylum: Chordata & Class: Mammalia & Order: Carnivora & Fami-
ly: Canidae & Genus: Vulpes & Species: V. Vulpes (Demarest 1820)

The red fox (Vulpes vulpes), largest of the true foxes, has the greatest geo-
graphic range of all members of the Carnivora order, being present across the
entire Northern Hemisphere from the Arctic Circle to North Africa, North America
and Eurasia. Apart from its large size, the red fox is distinguished from other fox
species by its ability to adapt quickly to new environments. Despite its name, the
species often produces individuals with other colourings, including albinos and
melanists. Forty-five subspecies are currently recognized, which are divided into
two categories: the large northern foxes, and the small, basal southern foxes of
Asia and North Africa.

The species has a long history of association with humans, having been exten-
sively hunted as a pest and furbearer for many centuries, as well as being rep-
resented in human folklore and mythology. Because of its widespread distribu-
tion and large population, the red fox is one of the most important furbearing an-
imals harvested for the fur trade.

The largest red fox on record in Great Britain was a 17.2 kg (38.1 Ibs), 1.4-metre
(4 ft 7 in) long male, killed in Aberdeenshire, Scotland, in early 2012.

Source: Wikipedia, the free encyclopaedia
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Abstract

Wild mammal survival rarely ap-
proaches ages that are possible in
genomic terms. Thus, sheltered envi-
ronments present unique opportuni-
ties to study wild mammal aging and
compare aging-related disorders to
those of similar domestic animals.
We evaluated two aged red fox vix-
ens that had lived in a park setting
where they were not caged, and
were provided an environment that
reflected a natural setting as closely
as possible, while providing for
proper nutrition and health care. Dur-
ing their 14" year, both foxes devel-
oped symptoms suggesting orthope-
dic and renal deterioration. After di-
agnosis, monitoring, and humane
euthanasia,
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postmortem evaluation revealed de-
generative joint and renal disease,
each closely resembling organ-spe-
cific pathology of aged domestic
dogs.

Based on evaluation of these foxes
and other recent reports, we hypoth-
esize that underlying mechanisms
for late life pathological changes re-
flect broadly and deeply conserved
response capacities and not artificial
environments, provided that shelter,
nutrition, and health care are ade-
quate to minimize stochastic mortal-
ity that prevails in the wild.

Keywords: Aging, hip, kidney, os-
teoarthritis, red fox, shoulder, Vulpes
vulpes
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Introduction

Background

The red fox (Vulpes vulpes [fulva],
Demarest 1820) is highly successful,
having the largest global distribution
of any extant terrestrial carnivore
(Henry 1996; Cypher 2003). Its dis-
persal patterns appear related to
population  density, interspecies
competition, and habitat change (Al-
len and Seargeant 1999). Adult size
is variable with mature body weight
3.0-8.0 kilograms, but on average it
is the largest among North American
foxes (Cypher 2003). Longevity of
8.6 years in the wild has been re-
ported for a tagged red fox, but in
free-living populations, survival as
long as 6 years is uncommon (Allen
and Seargeant 1999; Storm et
al.1976; Tuller 1983). Since survival
in the wild rarely approaches true
species limits of longevity, elucidat-
ing the aging process in wild species
remains a very difficult task.
Considering available observational
methods, establishing control popu-
lations of “normal” free-roaming sub-
jects for comparative studies is
nearly impossible because of the
natural delay between biological on-
set of many late life diseases and on-
set of overt symptoms, and because
of the ability of wild mammals to dis-
guise pain and symptoms of organ
disease. Thus, the most pressing
need is to report all species-related
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aging observations to build a data-
base from which to clarify late life dis-
eases in wild mammals.

In this regard, we report examination
of shoulder and hip joints, and kid-
neys, of two red fox vixens that were
euthanized during their 14" year be-
cause of orthopedic and renal dis-
ease. The observations, along with
other recent studies, contribute to ex-
panding our understanding of the
mammalian aging process.

Life histories

The two females (vixens), named
Devon and Ember (not siblings),
were born in the spring of 2000. They
were habitat-reared and maintained
together. They were fed a natural diet
consisting of deer meat and small ro-
dents, occasional rabbits, fruits and
vegetables, and they regularly
caught small rodents and insects
such as cicadas. They resided at
Wolf Park, Battle Ground IN, in an
enclosure measuring 60 x 40 feet,
with ladders and decks for climbing
and jumping, thus allowing natural
fox behavior. They were vaccinated
for rabies, distemper, leptospirosis,
parvovirus, coronavirus, adenovirus,
parainfluenza virus, and lyme dis-
ease, and were monitored daily.
Health history of each fox was unre-
markable until late life.
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A few weeks prior to humane eutha-
nasia in their 14" year, both foxes ex-
hibited signs of reduced activity and
declining range of joint motion, re-
sulting in end-of-life maintenance in-
doors. Biochemical evaluation indi-
cated progressive renal failure in
both foxes (Table 1). Following hu-
mane euthanasia, postmortem ex-
aminations were done by the attend-
ing veterinarian as a part of normal
health care practices. The foxes
were not part of a research study,
and Institutional Animal Care and
Use Committee clearance was not
required.

Materials and Methods

Tissue harvest and processing
Gross postmortem examination of
both foxes revealed pale yellow,
rough-surfaced kidneys that were not
contracted or nodular. The left kidney
from Ember was preserved in forma-
lin and sent to the consulting
pathologist for routine histological
evaluation, to parallel routine veteri-
nary clinical practices.

Harvest of shoulder and hip joints
was done en bloc, followed by freez-
ing at -4°C. Other remains were bur-
ied with ceremony, according to Park
practices. The frozen bone speci-
mens were transferred to the lllinois
State Museum Research and Collec-
tions Center, Springfield IL. Bone
processing was continued by trim-
ming soft tissue and incubating in hot

J. Vet. Anat.

Lawler et al.

water (40-45°C) to macerate remain-
ing non-ossified tissue by bacterial
action, with filtering and water re-
placement as needed. Following
several weeks’ incubation, soaking in
15-20% ammonia solution promoted
further removal of fat from bone. A fi-
nal brushing step in detergent was
done to remove tightly adhered ex-
uded fat. Following clearing, bones
were rinsed in tap water and dried.
Evaluation of joint components in-
cluded scapular, humeral, acetabu-
lar, and femoral articular surfaces
and margins, and periarticular struc-
ture. Lumbar vertebrae 5-7 and the
sacrum were available from Ember.
All harvested bone components were
photogra-phed and descriptions rec-
orded.

Results

Renal disease

Renal histopathology  (Ember)
yielded diffuse, moderate-severe,
chronic, glomerular and tubular, cal-
cinosis and interstitial fibrosis (Table
1, Fig 1).

Scapular glenoid

Glenoid fossae were bordered or im-
pinged by encircling articular margin
/ periarticular prominence, rimming,
or osteophytes that were severe in
Devon and mild in Ember. Glenoid
articular surfaces (Devon) revealed
circular caudolateral features (3mm,
left side affected more severely)
characterized by loss of articular
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bone and exposure of thickened un-
derlying trabeculae (Fig 2). Ember
was affected similarly but less se-
verely. Both foxes also revealed right
glenoid pinpoint depression caudola-
teral (Devon) or craniocentral (Em-
ber), consistent with focal ossifica-
tion failure.

Proximal humerus

Proximal humeral articulations were
bordered or impinged by encircling
articular margin/periarticular promi-
nence, rimming, or osteophytes. The
features were severe in Devon (Fig
3) and milder in Ember. Both intertu-
bercular (bicipital) grooves revealed
severe osteophytes in Devon (Fig 4),
while similar lesions in Ember were
less severe. The latter features are
compatible with degrees of co-mor-
bid biceps tendonitis. Ember also re-
vealed a 1x3 mm mid-lateral articular
surface defect on the left humerus.

Acetabulum

Acetabular fossae of both foxes re-
vealed bone formation suggesting
enthesiophytes. The new bone for-
mation was more severe in Devon,
impinging the dorsomedial articular
surface bilaterally (Fig 5). The medial
acetabular articular margins were
prominent in both foxes, while Devon
had small osteophytes at each cau-
dal acetabular margin.
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Proximal femur and spine

The dorsal femoral necks revealed
very mild filling with new bone
(Devon), and prominent femoral
head articular margins (Devon and
Ember, with greater severity in
Devon). Ember had severe spondy-
losis deformans of cranial and caudal
aspects of lumbar vertebrae 6 and 7,
and cranial sacrum.

Discussion

Behaviors and osteoarthritis

The red fox hunts small prey by
pouncing and pinning the prey with
its forefeet, killing it with a bite. Sud-
denly attacking small prey from
brush cover also is a common behav-
ior. Somewhat larger prey (rabbits)
are stalked and attacked with jump-
ing or sprinting behaviors (Scott
1943). Other normal fox behaviors
include brisk walk as the normal gait;
trotting up to several kilometers and
jumping to about 4 meters; occa-
sional swimming or climbing; and
active defense of a home range
(Pasitschniak-Arts and
Pasitschniak-Arts 1996). At Wolf
Park, very similar behaviors (espe-
cially in young foxes) include jumping
from heights of 1.3-2.0 m; climbing
fences, play-ladders, or trees;
pouncing on insects such as cicadas;
and playing on a trampoline.
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Given an active lifestyle and carnivo-
rous behaviors, significant preva-
lence of arthropathy might be ex-
pected in the uncommon event that a
free-living fox survives to advanced
age. Obesity is a well-known risk for
osteoarthritis in several mammalian
species (Anderson and Felson 1988;
Davis et al, 1988; van Saase et al,
1988; Bendele and Hulman 1991;
Popovitch et al, 1995; Lawler et al,
2008), but obesity is unusual in wild
canids. In the foxes we evaluated,
only seasonally-expected fluctua-
tions in body condition were ob-
served, without obesity at any time
during life. Thus, environmental and
nutritional influences seem insuffi-
cient to explain the disease observa-
tions. The latter is interesting, con-
sidering the similarities to the parallel
conditions among elderly domestic
dogs.

Renal disease

The similarity of the fox renal mor-
phology to late-life renal disease in
domestic dogs prompts hypotheses
that (a) soft organ diseases of aged
Canidae may be more universal con-
sequences of simple chronology
than has been supposed; and (b) im-
mediate environments may be corre-
spondingly less influential provided
that nutrition, shelter, and health care
are adequate. Additional late life bio-
chemical studies of wild canids that
live to species-possible ages should
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be conducted and published, to ex-
plore more completely the chrono-
logical prevalence of diseases
across related individuals in non-do-
mestic populations.

Joint disease — shoulder

In a cross-sectional study of 88 ran-
domly-selected  domestic  dogs
(mean age 8.2 years, range 1-12),
shoulder radiography revealed pri-
mary age-related osteoarthritis in
31% of the group (mean age 10.2
years)(Ljunggren and Olsson 1975).
A cross-sectional study of skeletal
remains of 16 adult raccoon dogs
(Nyctereutes procyonoides) revea-
led 100% prevalence of the same
glenoid features that were observed
in the two vixens, with severity rang-
ing from near-normal to mild osteoar-
thritis, while 81% of proximal hu-
meral articulations also reflected the
fox observations (Lawler et al, 2012).
Recently, lesions of scapular glenoid
articular cartilage were related spa-
tially to underlying pathology of artic-
ular bone in 7 gray wolves (ages 5-
19 years), and the nature and spatial
distribution of the osteoarthritis
changes were again the same as the
foxes and raccoon dogs (Lawler et al,
2016).

A longitudinal study of 149 domestic
dogs revealed 53% radiographic
prevalence of age-related shoulder
osteoarthritis at mean age 13.8 years
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(Morgan et al, 1987). In another lon-
gitudinal study, 43 Labrador retriev-
ers had more radiographic shoulder
osteoarthritis at age 8 years than el-
bows, hips, and stifles of the same
dogs (Kealy et al, 2000).

Joint disease — hip & spine

One left femoral head lesion (Devon)
is compatible with an early circumfer-
ential femoral head osteophyte
(Szabo et al, 2007). The red fox os-
teoarthritis-related pathology of ace-
tabula and proximal femoral articula-
tions mimic observations of domestic
dogs (Lawler et al, 2008) and rac-
coon dogs (Lawler et al, 2012). A re-
port of femoral head radiographic pa-
thology in a gray wolf (Canis lupus lu-
pus) described very similar features
(Lawler and Evans 2016). The intra-
and extra-articular spatial locations
of these features are consistent
across canids examined to date, with
the expected age-related variation in
severity.

Spondylosis refers to osteophyte for-
mation around cranial and/or caudal
vertebral end plates, secondary to
degenerative disease of the adjacent
intervertebral disk (Morgan and Biery
1985). The intervertebral disk space
may be narrowed and adjacent ver-
tebrae become unstable, prompting
osteophyte reaction. Older large do-
mestic dogs develop spondylosis
more frequently, but smaller dogs
also are affected. Some affected
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dogs experience pain and difficult
movement, while others remain rela-
tively asymptomatic (Prada 1993).
We are not aware that this pathology
has been investigated in red foxes,
but the strong similarity between fox
and other canid features again is
striking.

Studies of domestic dogs demon-
strate that radiography significantly
underestimates diarthrodial joint pa-
thology (Morgan et al, 1987; Runge
et al, 2008; Lawler and Evans 2016),
and radiographic diagnosis of joint
pathology in other canids introduces
these same limitations (Lawler et al,
2016). We suggest that comparative
joint biology studies of Canidae have
been impeded by (a) limitations in-
herent in most imaging modalities;
(b) hazards of anesthetizing wild ani-
mals for examination; (c) relative in-
frequency of highly detailed postmor-
tem study of wild mammal diarthro-
dial joints.

Integrative joint development and
function

Studies of morphological integration
examine relationships among ana-
tomical structures (Cheverud 1982,
1995, 1996). Common functional at-
tributes, such as the shape of the
proximal humerus and scapular gle-
noid fossa, lead to functional integra-
tion with muscle actions that are nec-
essary for proper function, implying
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common developmental influences
during formation and growth (integra-
tion). These influences may be hor-
monal, or they may relate to interac-
tion of developing tissues.

Integrated structures evolve together
because of correlated inheritance
and shared influence from natural
selection. Functional and develop-
mental morphological integration oc-
cur at the individual level, and evolu-
tionary integration occurs at the pop-
ulation level (Cheverud 1982, 1995,
1996).

Integrated traits are expected to ex-
hibit a significant correlation among
traits within the anatomical module,
based on their shared influences
(Cheverud 1982, 1995, 1996;
Hallgrimsson et al, 2002). Morpho-
logical integration studies of mam-
malian scapulae have examined the
developmental, functional, and evo-
lutionary structure of the scapular
glenoid and blade (Young 2004,
2006, 2008). Scapula studies of
seven primate species (Young 2004)
and six mustelid species (Norman
2016) identified significant integra-
tion within the glenoid, as well as
within the blade and acromion. Loco-
motion influences on integration
were observed in 17 primate species
(Young 2008). Developmental influ-
ences of the Hoxc6 gene on glenoid
(Olivier et al, 1990); Emx2 gene influ-
encing the scapula blade (Pellegrini
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et al, 2001); and Pax1 gene influenc-
ing the scapular blade and acromion
(Timmons et al, 1994; Wilm et al,
1994), help to elucidate the genomic
integration of these developmental
and functional regions. It follows that
associated soft tissue structures
should be governed under common
developmental and functional influ-
ences.

Further evaluations of integrated di-
arthrodial joint components, based
on phylogeny and functional mor-
phology, should further clarify why
degenerative joint pathology tends to
occur at nearly identical foci within
the same joint, across species.

Conclusions

It is clear that aging-related osteoar-
thritis is not unique to the domestic
dog and occurs among other Can-
idae, in similar joint-specific spatial
patterns. Primary influences on ex-
pression of late life diseases among
canids appear to reflect (a) species-
related achievable longevity; (b) the
balance among disease onset and
the subsequent time that symptoms
develop to be observed; and (c) ge-
nome-mediated responses to insults
that appear to be conserved phylo-
genetically.
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Table (1): Biochemical documentation of progressive renal disease in two elderly

female Vulpes vulpes

Ember
Urea nitrogen (mg/dl) Creatinine (mg/dl) Phosphorus (mg/dl) Hematocrit (%)

8/29/2014 222 4.7 16.5 18
7/23/2014 201 5.3 134 30
6/14/2014 154 5.0 35
5/28/2014 136 5.0 11.7 21
5/15/2014 149 4.6 34
5/01/2013 68 1.7 48
7/11/2012 64 1.1 3.9 48
2/27/2011 59 1.0 46
1/30/2010 26 0.6 2.6 47

Devon

Urea nitrogen (mg/dl) Creatinine (mg/dl) Phosphorus (mg/dl) Hematocrit (%)
7/22/14 195 7.5 139 28
6/14/14 162 5.3 36
5/15/14 182 4.7 39
9/11/13 83 1.3 4.4 39
5/01/13 65 0.8 49
7/11/12 48 0.9 3.9 43
7/27/11 46 0.7 46
3/05/11 32 0.7 3.6 57
8/24/10 48 0.7 37
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Fig (1): Ember, left kidney. Nephropathy, glomerular and tubular, dystrophic with calcin-
osis, chronic, moderate-severe, diffuse (H&E).

Fig (2): Devon, left scapula glenoid cavity. Severe encircling osteophytes (long white
arrows); Bone loss mid-caudal fossa (short white arrows); Exposed thickened subarticular

trabeculae (black arrow)
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Fig (3): Devon, right proximal humerus, caudolateral view. Normal caudolateral articular
surface (long white arrow); Severe encircling articular margin & periarticular osteophytes
impinging margin of articular surface (short white arrows); osteophytes on lesser tubercle
(white arrowhead).

Fig (4): Devon, right proximal humerus, articular surface, dorsal view. Normal articular
surface (long white arrow); Osteophytes on lesser tubercle (white arrowheads); Severe
osteophytes medial &lateral margin & floor of intertubercular (bicipital) groove (short white

arrows).
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/]

Fig (5): Devon, right acetabulum, lateral view. Severe new bone craniodorsal fossa, prob-
able enthesiophytes (long white arrows); Impinging of medial articular surface (medium
arrow); Prominent medial articular margin (short white arrows).
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Abstract in light of degree of obesity. Overt
Orthopedic abnormalities of farm- and incipient (mild or developing)
reared blue foxes (Vulpes lagopus) pathology were prevallent e.md. re-
have increased recently, creating flected degree of obesity. It is likely
new concemns about their welfare. that genetic selection and feeding
Therefore, skeletal condition of practices were primary underlying
obese juvenile blue foxes was eval- problems, but disrupted mineral
uated for relationships to degree of nutrition and housing practices may

have been involved as well. These
observations underscore the im-

obesity. Two pilot study groups in-
cluded less obese foxes (N = 5) and
more obese foxes (N = 5); the latter portance of new actions and addi-
group had visible carpal joint laxity tional studies of breeding, nutrition,
and locomotor deficits. The principal and housing practices, with the ul-
aims were to examine forelimb de- timate goal of enhancing the wel-

formities and abnormal locomotion fare of farmed foxes.
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Keywords: blue fox, obesity, ra-
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Introduction

Eight decades of diet restriction
research have contributed signifi-
cantly to the understanding of obe-
sity. Body fat now is recognized as
an active endocrine organ with the
capacity to influence metabolism by
(a) contributing to oxidative stress;
(b) secreting several hormones; and
(c) releasing inflammatory cytokines
(Laflamme 2012). Excess body fat
in domestic dogs (Canis lupus fa-
miliaris) increases risk of (a) glu-
cose intolerance and insulin re-
sistance (Larson et al. 2003; de
Godoy and Swanson 2013); (b)
osteoarthritis; (c) earlier onset of
aging-related diseases; (d) short-
ened lifespan (Kealy et al. 2002;
Lawler et al. 2008); (e) reduced
respiratory tidal volume, as well as

increased respiratory rate and
bronchoreactivity (Manens et al.
2012).

The blue fox is a color variant of the
wild arctic fox (Vulpes lagopus).
Blue foxes have been farm-reared
for approximately 100 generations
(Einarsson and Skrede 1989). Size,
body mass, and obesity of blue fox-
es have increased dramatically in
recent decades due to strong selec-
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tion for large pelt size, and unre-
stricted feeding (body mass 5-7 kg
in Nes et al. 1988; 13—-14 kg in
Kempe et al. 2009, 2013; 13—-19 kg
in Korhonen et al. 2014). Today,
body condition at pelting most often
is obese to extremely obese (Kem-
pe et al. 2009).

Welfare problems that may relate to
obesity, such as foot deformities
and abnormal locomotion, are ob-
served frequently on blue fox farms
(Kempe et al. 2010; Ahola et al.
2012). In the survey by Ahola et al.
(2012), 47% of Finnish foxes espe-
cially the blue fox showed degrees
of abnormal locomotion, while 23%
displayed severe forelimb bending.
Kempe et al. (2010) observed that
67% of juvenile blue foxes had poor
or very poor forelimb structure.

In this primarily observational pilot
study, full skeletons of ten blue fox-
es were evaluated. The aims were:
(a) examine the relationship of visi-
ble skeletal pathology to observed
limb deformities and locomotor defi-
cits of farm-reared blue foxes; (b)
evaluate the contributing role of
excessive obesity. The hypotheses
were: (a) skeletal pathology con-
tributes to carpal joint laxity and
abnormal locomotion; (b) obesity
causes or exacerbates musculo-
skeletal conditions of juvenile blue
foxes.
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Materials and Methods
Experimental animals and hous-
ing

Ten male farm-reared blue foxes
were selected at age seven months,
based on their body condition, fore-
limb structure, and locomotor char-
acteristics as of 8 December 2011.
The foxes had been housed as sib-
ling pairs in 1.2 m? wire-mesh cages
with an elevated observation plat-
form and at least one activity object.
The cages were in outdoor sheds at
natural ambient temperature and
photoperiod, in Eastern Finland
(63°N, 29°E).

The foxes were fed ad libitum with
commercial fur animal diets (Yla-
Karjalan Rehu, Valtimo, Finland;
raw protein 9.1-10.7%; raw fat
10.8-11.6%; raw carbohydrates
15.7-17.6% of fresh weight; metab-
olizable energy 6.9—7.4 MJ/kg fresh
weight). Vitamin—mineral supple-
ments were added to the diet to
approximate official recommenda-
tions for foxes (Finnish Fur Breed-
ers’ Association 2011). Water was
provided ad libitum with an auto-
matic watering system.

Fox body condition scores were
evaluated visually by one research-
er (TK) on 8 December 2011, ac-
cording to Kempe et al. (2009), as 1
= very thin; 2 = thin; 3 = ideal; 4 =
heavy; 5=extremely fat. Carpal laxi-
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ty was evaluated by TK based on
WelFur assessment categories 0 =
no bent feet; 1 = slightly bent feet; 2
= severely bent feet (WelFur 2015).
Locomotion was evaluated by TK
based on WelFur assessment cate-
gories (WelFur 2015).

Five less obese foxes (body condi-
tion score 3—4) had normal to mildly
abnormal forelimb structure (WelFur
score 0-1) and no clear locomotor
deficit or unwillingness to move.
Five more obese foxes (body condi-
tion score 5) had severely bent fore-
limbs (WelFur score 2) and abnor-
mal locomotion and/or unwilling-
ness to move. Since the study loca-
tion was a commercial fox farm, no
non-obese foxes were available and
the selection process could not be
randomized.

Euthanasia and radiography

All the foxes were reared on a
commercial farm until they were
harvested at age seven months,
during the normal pelting season.
They were sacrificed by electrocu-
tion according to recommended
farming practices (Council of the
European Union 2009), on the
same day that their body condition,
forelimb conformation, and locomo-
tion were evaluated. No animal eth-
ics license was required, based on
the instructions of the National Ani-
mal Experiment Board. The foxes
were pelted manually and the car-
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casses were transported to the Uni-
versity of Eastern Finland to be fro-
zen at —20°C.

Radiographic = examination was
done in a single-blind manner at the
Tuhatjalka Veterinary Clinic (Kuo-
pio, Finland) by an experienced
veterinarian (LJ). The radiographs
were taken using the Sedecal APR-
VET model no. A6504-01 (Algete,
Spain). Multiple radiographic imag-
es were taken of each cadaver. The
spine was examined using a lateral
projection focused at mid-lumbar,
and forelimb images included cervi-
cal and thoracic vertebrae. The cra-
nium and forelimbs were imaged
using ventrodorsal and lateral pro-
jections, both centered on the elbow
joints. The hind limbs were exam-
ined using two ventrodorsal projec-
tions, focused on the hips and tibi-
as. The radiographs were evaluated
by an experienced veterinarian (DL)
who was unaware of group assign-
ment.

Skeletal clearing and skeletal
analysis

After radiography, the carcasses
were weighed, and initial soft tissue
clearing was done to remove ab-
dominal and thoracic soft tissue.
The remainder of each carcass was
frozen and shipped on dry ice to the
lllinois State Museum Research and
Collections Center (Springfield, IL,
USA). The carrier replenished dry
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ice as required, and the carcasses
arrived frozen and intact. They were
transferred to a —4°C freezer until
further processing.

Detailed skeletal clearing was com-
pleted by thawing for 24 hours at
room temperature, manual de-
fleshing, and disarticulation (DL).
Disarticulated skeletal components
were incubated in covered, water-
filed stainless steel containers at
45°C, with periodic discard of mac-
erated remaining soft tissue, and
water replacement. Following mac-
eration, defatting was continued as
needed in 20% ammonia solution at
room temperature, followed by dry-
ing for about seven days.

Skeletal observations were charac-
terized as normal, incipient patholo-
gy, or pathology. Incipient pathology
was contrasted from overt patholo-
gy by being (a) occult by direct
physical examination and radiog-
raphy; (b) recognized occasionally
at gross necropsy and recognized
frequently on cleared bone; (c) evi-
dently early or very mild stages of
development (Lawler and Evans
2016).

Pathology was graded as present or
absent. Findings for right and left
sides of the body first were classi-
fied separately, but if overt/incipient
pathology was identified, the struc-
ture diagnosis was assigned ac-
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cording to the worse side. A patho-
logical finding even in the minority
of the ribs (or other skeletal struc-
tures with multiple parts) was con-
sidered sufficient for this anatomical
region to be classified as pathologi-
cal. All structures were photo-
graphed.

Statistical analysis

The goal of statistical evaluation
was to estimate differences be-
tween less obese and more obese
foxes, since degrees of obesity in-
fluence health and longevity of dogs
(Lawler et al. 2008). Effects of obe-
sity on prevalence of radiographic
and skeletal findings were tested by
binary logistic regression with gen-
eralized estimating equations, to
account for the correlation structure
of the data due to the repetitions
(SPSS v19.0 software, IBM, Ar-
monk, NY, USA). Pathology classi-
fications were selected as the re-
sponse, with obesity and anatomi-
cal region as predictors. Radio-
graphic observations were tested as
pooled data, and skeletal observa-
tions (axial skeleton, forelimbs, hind
limbs) were tested separately. The
vertebral column also was tested
separately from the axial skeleton,
with vertebral groups as predictors.

In some cases, the distribution of
either incipient or overt pathology
between the less and more obese
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foxes could not be tested with the
model because there were too few
assignments to a particular classifi-
cation in the group and/or anatomic
area. In these instances, the model
was simplified by not including the
interaction of group-by-anatomic
area. The results are presented as
N of foxes in each category (Table

1).

Linear regression analysis was
done on the combined and average
pathology scores of each individual
as dependent variables and the
carcass weight as the independent
variable. The weights of skinned
carcasses were compared between
the groups using the Mann—Whitney
U-test, as the data were not normal-
ly distributed. The p < 0.05 was
considered statistically significant.

Results

Carcass weights

All ten carcasses were much larger,
with much more body fat than is
observed in free-roaming V. lago-
pus. Weights of skinned carcasses
differed between the groups (less
obese median 8.96 kg; more obese
median 13.08 kg; Mann-Whitney U-
test, p = 0.009). The regression
analyses for carcass weights and
pathology scores of combined ana-
tomical areas were not statistically
significant (p = 0.111-0.123).
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Radiography

Radiographic examinations sug-
gested one or more narrowed inter-
vertebral disk spaces in four less
obese foxes and one more obese
fox. However, the observations
could not be confirmed from disar-
ticulated skeletal components.

Scapular radiography revealed gle-
noid subchondral sclerosis (three
less obese; two more obese) and
periarticular bony prominence (one
more obese). Humeral shoulder
articulations suggested flattened
articular surface (one less obese)
and prominent articular margin (one
less obese). Incongruent elbow joint
spaces were observed in four more
obese foxes, and wide carpal joint
space was suggested in one more
obese fox. One more obese fox had
a healing humeral shaft fracture that
caused a short and deformed bone,
elbow osteoarthritis (Fig 1), and
mild deformity of the carpal joint.

Hip radiography suggested shallow
acetabulum (two less obese; three
more obese) with subchondral scle-
rosis (three less obese; three more
obese), and prominent articular
margin (one more obese). The fem-
oral articular margin revealed cir-
cumferential osteophytes (three
less obese; two more obese). Cau-
dal femoral neck osteophytes (three
less obese; two more obese) also
were observed. Other observations
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included (a) hip joint laxity (three
less obese) or subluxation (two less
obese; five more obese); (b) flat-
tened or misshaped femoral head
(four less obese; four more obese);
(c) prominent femoral head articular
margin (one less obese).

The distribution of normality vs.
pathological radiographic observa-
tions differed significantly according
to group and anatomic location
(generalized linear model with bina-
ry logistic; experimental group p <
0.001, anatomic region p < 0.001,
interaction p = 0.484). The frequen-
cy of suspected abnormal observa-
tions was higher in the more obese
group (44 vs. 48%).

Skeletal findings: Axial skeleton
The entire skeleton of each of the
ten foxes was evaluated (DL) with-
out knowledge of group assign-
ment. To facilitate reader evaluation
of welfare-associated observations,
sums for normality, incipient pathol-
ogy, and overt pathology are re-
ported for each structure (Table 1),
along with a qualitative summary of
primary observations in the text.

Skull: Pathology observations in-
cluded (a) fragility, porosity, thin
bone structure; (b) dental alveolar
wall thinning; (c) perialveolar promi-
nence or overt rim formation; (d)
rough perialveolar bone; (e) promi-
nent alveolar margin (Fig 2).
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Thorax and Vertebrae: Pathology
observations included (a) fragile
ribs and costochondral flaring (Fig
3); (b) vertebral articular osteo-
phytes. Incipient pathology included
(c) prominent/sharp vertebral articu-
lar margin or periarticular rim. Ver-
tebral lateral asymmetry occurred at
high frequency.

Degree of obesity did not affect
distribution of normality vs. incipient
pathology in the axial skeleton
(group p = 0.668, region p < 0.001).
The distribution of normality vs.
overt pathology differed significantly
based on group and location (group
p =0.001, region p < 0.001, interac-
tion p = 0.515). The frequency of
pathological  observations  was
higher in the more obese group.
The distribution of observations also
differed when categories of pathol-
ogy were pooled (normality vs.
pooled incipient and overt patholo-
gy; group p < 0.001 [less obese
48%; more obese 62%], region p <
0.001, interaction p = 0.550).

There was no effect of obesity on
vertebrae (normality vs. incipient
pathology: group p = 0.668, region
p = 0.005; normality vs. pooled in-
cipient and overt pathology: group p
= 0.548, region p = 0.002).

Skeletal findings: Appendicular
skeleton, forelimbs
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Scapula: Pathology observations
included (a) rough or irregular artic-
ular or periarticular bone; (b) deep-
ened caudolateral glenoid fossa.
Incipient pathology included (c)
prominent/sharp/rimmed  articular
margin; (d) prominent or thickened
periarticular bone; (e) focal delayed
ossification.

Humerus: Pathology observations
included:

(a) prominent/sharp/thickened artic-
ular margin; (b) prominent or
rimmed periarticular margin (distal
humerus); (c) increased shaft cur-
vature or distorted shaft (Supple-
mentary Figure S1A); (d) rough/
irregular bone surface; (e) articular
surface depression; (f) healed frac-
ture (Supplementary Figure S1A).
Incipient pathology included (g)
prominent  periarticular  margin
(proximal humerus); (h) rim at artic-
ular/periarticular margin (proximal
humerus); (i) flattened or thickened
articular margin (proximal humer-
us); (j) thickened lateral margin of
the intertubercular groove; (k) focal
abnormal wear (distal humerus).

Radius: Pathology observations
included proximal (a) osteophytes;
(b) prominent/thickened articular/
periarticular margin (Fig 4a); (c)
periarticular prominence or prolifer-
ation; (d) articular surface depres-
sion; (e) bone shaft increased cur-
vature (Fig 4a) or distortion; distal

Vol. 10, No. 2, (2017) 51 - 74



Skeletal pathology of obese blue foxes

(f) rough articular bone surface or
surface defect; (g) periosteal reac-
tion; (h) wide, rough, and indistinct
epiphyseal bone (Fig 4a, Supple-
mentary Figure S2). Incipient pa-
thology included (a) incomplete
articular margin ossification with
mild rim; (b) prominent periarticular
margin; (c) irregular articular mar-
gin; (d) irregular bone surface.

Ulna: Pathology observations in-
cluded (a) osteophytes (Supple-
mentary Figure S1B); (b) periosteal
reaction; (c) increased shaft curva-
ture or distortion; (d) impinged/dis-
torted articular surface; (e) rough,
thickened bone surface; (f) wide,
rough, indistinct/elongated/ thick-
ened epiphyseal or metaphyseal
bone. Incipient pathology included
(g) thickening or prominence of the
periarticular margin; (h) rimming of
articular/periarticular  margin; (i)
prominent articular margin; (j) in-
complete ossification of articular
surface. The more obese fox with a
partly healed humeral shaft fracture
(Supplementary Figure S1A) also
revealed significant osteoarthritis
and deformity of the associated
proximal radius and ulna (Supple-
mentary Figure S1B).

Distal limb: Pathology observa-
tions in phalanges consisted only of
bone porosity. Incipient pathology
consisted of prominent articular
margin. Among metacarpals and
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metatarsals, periarticular promi-
nence was the only pathology ob-
servation, while rough bone surface
occurred as incipient pathology. All
carpal joint bones were normal.
Incomplete ossification was ob-
served in tarsal joint bones.

Obesity influenced the distribution
of normality and incipient pathology
in the forelimbs (group p = 0.027,
region p < 0.001), with a higher fre-
quency of incipient pathology in the
more obese group. The distribution
of normality vs. overt pathology
differed significantly (group p <
0.001, region p < 0.001, interaction
p = 0.999). The distribution also
was different when the categories of
pathology were pooled (normality
vs. pooled incipient and overt pa-
thology; group p < 0.001 [less
obese 52%; more obese 64%)], re-
gion p < 0.001, interaction p =
1.000).

Skeletal findings: Appendicular
skeleton, hind limbs

Acetabulum: Pathology observa-
tions consisted of medial or dor-
somedial acetabular periarticular
rim. Incipient pathology included (a)
prominent/rough/sharp lateral ar-
ticular margin (Supplementary Fig-
ure S3); (b) rough or incompletely
ossified articular surfaces; (c) fossa
new bone deposition suggesting
enthesiophytes.
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Femur: Pathology observations
included (a) caudal femoral neck
osteophyte; (b) bony filling/ thicken-
ing of the dorsal femoral neck; (c)
rough periarticular bone surfaces;
(d) prominent/sharp articular/ periar-
ticular margins (Supplementary
Figure S4); (e) incomplete ossifica-
tion; (f) rough or porous bone; (g)
wide, rough surfaces of epiphyseal
and metaphyseal bone (Supple-
mentary Figure S4); (h) increased
femoral shaft curvature (Fig 4b); (i)
mild bony proliferation of the patel-
la. Incipient pathology included (j)
femoral head flattening; (k) rough,
irregular periarticular margins.

Tibia, fibula: Pathology observa-
tions included (a) prominent/rough
articular/periarticular margin; (b)
rough/prominent bone surface; (c)
increased shaft curvature; (d) in-
complete ossification; (e) articular
surface depression or suspected
erosion; (f) wide, rough, and indis-
tinct epiphyseal and metaphyseal
bone. Incompletely fused tibial crest
occurred as incipient pathology.
Fibular observations included (g)
wide, rough, and indistinct epiphys-
eal and metaphyseal bone; (h) in-
complete ossification; (i) increased
shaft curvature or bowing.

The distribution of normality vs.
overt pathology in the hind limbs
differed significantly according to
group and location (group p <

J. Vet. Anat.

59

Mustonen et al.

0.001, region p < 0.001, interaction
p = 0.875), with the more obese
group having higher frequency of
pathology observations. The distri-
bution also was significantly differ-
ent when the categories of patholo-
gy were pooled (normality vs.
pooled incipient and overt patholo-
gy; group p < 0.001 [less obese
48%; more obese 58%], region p <
0.001, interaction p = 0.876).

Discussion

Radiography

Direct examination of cleared bones
is known to be more sensitive than
radiography for detecting pathologi-
cal changes (Lawler and Evans
2016). In the blue foxes, routine
radiographs accurately reflected
direct observations only when pa-
thology was at least moderately
advanced. Similar outcomes oc-
curred in a previous study of shoul-
der joints of gray wolves (Canis
lupus lupus; Lawler et al. 2016a).
Suwankong et al. (2006) reported

that computed tomography and
magnetic resonance imaging of
canine degenerative lumbosacral

stenosis aligned well with one an-
other, but both agreed less well with
direct observations at surgery.

Interpretation of radiographs in this
study likely was complicated by (a)
inability to achieve completely cor-
rect positioning flexion secondary to
large focal subcutaneous fat depos-
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its; (b) joint alterations caused by
excessive body weight on an imma-
ture skeleton. Radiographic inter-
pretation also may be complicated
by lack of species-specific refer-
ence data (Lawler and Evans
2016); post-mortem rigor mortis
(Lawler et al. 2016a); and forces
applied during pelting.

Incipient skeletal pathology of farm-
reared canids likely would be inter-
preted from radiography only as
increased bone density (Lawler et
al. 2015), or as within normal limits.
Thus, radiography alone is insuffi-
cient as a diagnostic approach to
assessing orthopedic disease in
farm-reared canids.

Skeletal effects

Skeletal pathology often is subtle at
early or mild stages. Thus, diagno-
ses by any approach are partly sub-
jective. An observation at some
early point could be diagnosed as a
minor anatomic variant, later be-
coming suspected incipient pathol-
ogy, or overt pathology at a still
more advanced stage. Therefore,
outcomes of evaluation depend
partly on age of the individual at
examination, stage of the patholo-
gy, and rate of progression. In the
context of age, the observed fre-
quencies of pathology in these sev-
en-month juvenile blue foxes were
unexpectedly high.
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Previous data on musculoskeletal
disorders of juvenile blue foxes are
scarce. Korhonen et al. (2015) re-
ported that evaluation of carpal and
elbow joints did not reveal damage
or disease, and no curving of ulna
or radius was noted. These obser-
vations suggest the possibility of
interacting or co-contributing caus-
es for the blue fox observations.

We observed few changes in meta-
podial, carpal, or tarsal bones, and
the bone curvatures that we docu-
mented were insufficient (subjec-
tively) to cause locomotor disorders.
The large sizes and young ages of
the blue foxes, and the fact that
long bone deformity was mild, sug-
gest a hypothesis that forelimb
bending was related mainly to ten-
don and ligament stress because
body weight was excessive and
thus could not be supported by still-
maturing skeletal elements. The
extreme size departure from that of
wild arctic foxes (Audet et al. 2002)
results at least partially from genetic
selection for large size, to yield a
large pelt (Kempe et al. 2013).

Housing condition is another factor
that requires new studies. Korhonen
et al. (2001) documented a tenden-
cy for better leg structure in blue
foxes that were reared in large
earthen-floor pens (15 m?) rather
than in smaller wire-mesh cages
(0.5/1.3 m?). The possibility of inter-
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acting or co-contributing causes for
the observations is suggested
strongly.

Nutritional influences

Obesity is a significant risk for mus-
culoskeletal disorders of domestic
dogs, especially osteoarthritis (Kea-
ly et al. 2000; Marshall et al. 2009).
Dammrich (1991) documented that
overnutrition can lead to growth
rates that are too rapid for proper
skeletal development. In large-
breed dogs, carpal hyperextension,
increased distal radial and ulnar
size, and roughness of periosteal
and medullary contours, are among
changes that can result from exces-
sively rapid growth (Hedhammar et
al. 1974). In rapidly growing pup-
pies, malnutrition or overnutrition
can lead to pathology of extensor
and flexor muscle groups and, thus,
joint laxity (Cetinkaya et al. 2007).
The blue foxes revealed compatible
joint pathology.

In addition to overnutrition, the find-
ings also suggest disrupted mineral
nutrition, again raising the possibil-
ity of interacting or co-contributing
causes. Calcium:phosphorus (Ca:
P) imbalance can induce severe
disturbances of skeletal develop-
ment, growth, and bone mineraliza-
tion in large dog breeds (Schoen-
makers et al. 2000). Korhonen et al.
(2015) have connected forelimb
bending with dietary Ca:P 1.5:1 in
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juvenile blue foxes, although con-
firming data are needed (Korhonen
et al. 2005).

Unfortunately, the composition of
the diet in the present study could
not be examined in detail. Some of
the observations, such as skull fra-
gility, could derive from nutritional
secondary hyperparathyroidism (de
Fornel-Thibaud et al. 2007), under-
scoring the need for additional nutri-
tional studies of farmed foxes.

An observation that likely was not
obesity-related was the fiber-like
shredding of costochondral bone
that, based on experience, probably
represents a processing effect of
hot water maceration on the mar-
gins of inadequately mineralized
bone.

Vertebral observations

Some cervical, thoracic, and lumbar
vertebrae displayed at least incipi-
ently pathological osteoarthritic
changes in all foxes. Vertebral spi-
nous process deviations were fre-
guent; these may be incidental or
pathological (Lawler et al. 2016b),
but further clarifying diagnostics
were not available for this pilot
study.

Vertebral asymmetry can involve
articular processes and surfaces,
the spinous process, the vertebral
arch, or the vertebral body. These
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variants are common among skele-
tal remains of dogs and other
canids (Lawler et al. 2016b and
unpublished data), and appear to
represent normal variation. Verte-
brae from V. lagopus, V. vulpes,
Urocyon cinereoargenteus, Canis
latrans, and C. lupus familiaris, fre-
quently reveal the same asymmetry
without other pathology (Lawler DF,
unpublished from specimens curat-
ed at the lllinois State Museum).
Kharlamova et al. (2010) have
demonstrated that skull, pelvis, and
limbs of farm-reared silver foxes
display directional asymmetry.

Conclusions

Incipient and overt skeletal patholo-
gy were common in these late juve-
nile blue foxes. Multiple skeletal
components were involved. Obesity
likely is the main direct etiological
factor, but interacting or co-
contributing influences cannot be
excluded. Feeding practices now
should be re-evaluated, to ensure
that foxes do not develop overt lo-
comotor and conformational ab-
normalities.

The data also indicate that genetic
selection criteria for farmed fox
rearing need to be redirected. In
particular, selection for large body
size may be significantly predispos-
ing to other welfare and health con-
cerns, and this practice needs to be
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reconsidered. Housing practices
may require revisions to facilitate
increased daily locomotor activity
for farmed foxes.

Dietary mineral balance as it relates
to whole diet nutrient content and
balance may be an under-
recognized factor that contributes
negatively to welfare and comfort,
and thus new controlled nutritional
studies clearly are needed urgently,
likely along with evaluation for in-
teracting genetic, nutritional, and
housing influences. Studies of joint-
related soft tissues would be useful
to clarify histological characteristics
of tendons, ligaments, and joint
capsules of foxes that have visible
carpal joint deformity.
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Table 1. Pathological skeletal features of two groups of obese blue foxes.
Less Obese Foxes More Obese Foxes
(N=5) (N=5)
Structure OP(N) IP(N) N(N) OP(N) IP(N) N(N)
Axial Skeleton skull, dorsal 2
skull, palatine 1
maxilla
mandible
teeth
sternebrae*
hyoid bones*®
ribs
vertebrae cervical
vertebrae thoracic

N W
WL W= NN

(S B4 B )
= A B O

vertebrae lumbar
sacrum

vertebrae coccygeal
baculum*

Appendicular Skeleton Phalanges

left, right hind limbs nails
retrieved sesamoids
retrieved fabellae
patellae 1
metatarsals
tarsal joint bones
acetabula
prox femur & articular
femoral shaft
distal femur & articular
prox tibia & articular
tibial shaft
distal tibia & articular
prox fibula & articular
fibular shaft
distal fibula & articular

Appendicular Skeleton phalanges

left, right forelimbs nails
metacarpal bones
retrieved sesamoids
carpal joint bones
scapula articular
prox humerus & articular
humeral shaft
distal humerus & articular
prox radius & articular
radial shaft
distal radius & articular
prox ulna & articular
ulnar shaft
distal ulna & articular

OP = overt pathology, IP = incipient pathology, N = normal
*some small bones were not retrieved from all individuals after skeletal clearing
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Fig (1): Dorsoventral forelimbs of more obese fox 42. Note the healing fracture of the
distal aspect of the left humerus (long arrows) and the associated degenerative joint
disease of the elbow (short arrows).
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Fig (2): Top photo: Normal alveolar margins in left maxilla of less obese fox 20 (stepped
arrows). Bottom photo: Mildly prominent alveolar margins in left maxilla of more obese
fox 42 (straight arrows).

Fig (3): End-on view of costochondral junctions, rib cross-sectional aspect. (A) Less
obese fox 10, all normal (arrows); (B) More obese fox 42, left is moderately affected;
right is severely affected (arrows); and (C) More obese fox 42, both severely affected
(arrows).
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Fig (4): (A) Right radius, ulnar view (top) of more obese fox 12, compared with an adult
arctic fox 615858 (lllinois State Museum zoology collections); distal is to the left. The
more obese fox shows large size, severe mid-shaft curvature to medial (straight ar-
rows), rough-surfaced distal epiphyseal and metaphyseal bone (short stepped arrow),
and mild lateral prominence proximal periarticular margin (long stepped arrow). The
bone of the wild fox is normal.

(B) More obese fox 12 right lateral femur (top), compared with arctic fox 615858 speci-

men. Distal is to the right. The more obese fox shows mildly increased mid-shaft curva-
ture towards cranial (long stepped arrows).
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Supplementary Fig S1: (A): Right (top) and left (bottom) humerus of more obese fox
42; distal is to the left. The right humerus shows mild excess curvature to cranial at
upper mid-shaft (long stepped arrows), with mild prominence of articular margin and
periarticular features distally (short stepped arrow). The left humerus has a healed dis-
tal shaft pathological fracture (straight arrow) with bone thickening and remodelling.
Distal articular features are deformed by osteophyte production secondary to humeral
fracture-associated elbow joint deformity (stepped arrow). (B): The left proximolateral
ulna of less obese fox 42 (bottom) displays very severe osteophyte production, sec-
ondary to humeral fracture and joint remodelling (arrows).
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Supplementary Fig S2: Distal right radius, demonstrating mild (left: more obese fox
52) and severe rough bone (right; less obese fox 20) on epiphyseal and metaphyseal
bone surfaces (arrows).
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Supplementary Fig S3: Top photo: Straight arrows indicate lateral articular margin
prominence that is normal in most foxes (example from less obese fox 50). Bottom
photo: Stepped arrows indicate lateral articular margin prominence that represents
mild—moderate increase, suggesting smooth osteophyte production in more obese fox
42.
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Supplementary Fig S4: Comparison of radiographs and dry bone, distal left femur of
more obese fox 42. (A): Distal left femur, cranio—caudal radiograph; (B): Distal left
femur, latero—-medial radiograph; (C): Gross photo cranial; and (D): Gross photo lat-
eral. Epiphyseal and metaphyseal bone has rough surfaces on all sides, and both
condyles reveal porosity-associated superficial bone loss (straight arrows). The lateral
intercondylar articular margin is unusually prominent (A; stepped arrow). Articular sur-
faces are normal.
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Abstract

The purpose of this study is to
determine  the  macroanatomic
characteristics of larynx, trachea,
and lungs in martens. In this study,
six martens including three males
and three females were used. It was
found that the larynx of marten was
consisted of totally five cartilages,
one paired, and three unpaired
These cartilages were cartilago
arytenoidea, cartilago thyroidea,
cartilago cricoidea, and cartilago
epiglottica. It was observed that tra-
chea was consisted of averagely
56-58 cartilago trachealis and the
length was measured as appro-
ximately 19£2 cm. The pulmo dexter
had four lobes: lobus cra-nialis,
lobus medius, lobus caudalis, and
lobus accessorius. On the other
hand, the pulmo sinister had two
lobes: lobus cranialis and lobus
caudalis. As a result, it was expec-
ted that the macro-anatomic infor-
mation regarding larynx, trachea,
and pulmones would address the
lack of literature in this area.
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Introduction

Marten (Martes foina) is a species
of the family Mustelidae of the
suborder Caniformia of the order
Carnivora. This sub-species is
repre-sented by mink and badger
(ITIS 2015).

Larynx is a tube-shaped organ that
provides the connection between
the pharynx and trachea. The
function of the larynx is preventing
the pass-age of foreign matters into
the respiratory tract during respi-
ration. Also, another essential fun-
ction of the larynx is to create the
sound (Koénig and Liebich 2007).
The skeleton of the larynx is
combined with double-side symme-
trical shaped cartilages (cart.).
Larynx in a dog is consisted of
seven cartilages. These cartilages
are epiglottic, thyroid, arytenoid,
cricoid, cuneiforme and corniculate.
While cart. Arytenoidea is paired,
the others are unpaired (Evans and
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Christensen, 1993; Getty, 1975;
Pasquini et al., 2003). In the cat, the
larynx is shaped by the combination
of totally five cartilages as one
double (cart. arytenoidea) and three
single (cart. cricoidea, cart. Epiglo-
ttica, cart. thyroidea), (Dyce et al.,
2002; Getty, 1975; Pasquini et al.,
2003).

Trachea is a flexible, cartila-ginous,
and membranous tube which forms
the proximal part of the trache-
obronchial tree (Getty, 1975). On
the other hand, the dog trachea is
formed by combination of 42-46
cart. trachealis, and the cat trachea
is formed by 38-43 cart. trachealis
(Getty, 1975 ; Konig and Liebich,
2007). It is stated that although
trachea can be changed according
to types of carnivores, its average
length is 22.5 cm (Bahadir and
Yildiz, 2005).

In cats and dogs; being larger than
pulmo sinister, pulmo dexter is

consisted of four Ilobes: Ilobus
cranialis, lobus medius, lobus
caudalis, and lobus accessorius.
Pulmo sinister has two lobes:

cranial and caudal (Evans, 2010;
Getty, 1975).

In the available literature, while
there are some related to the
respiratory tracts of some carni-
vores, a study on the marten could
not be found. Therefore, the aim of
this study was to describe the
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macroanatomic characteristics of
the larynx, trachea, and lungs
(pulmones) in the Martes foina.

Materials and Methods

In this study, six martens (three
males and three females), which
were Kkilled in traffic accidents and
brought to the Anatomy Department
of Faculty of Veterinary Science of
Mehmet Akif Ersoy University, were
used. Permission was taken from
Local Ethic Committee of Animal
Experiments of Mehmet Akif Ersoy
University in order to use the
animals. Larynx and trachea were
exposed by dissecting the neck
skins and muscles of the martens.
Then, the breast skins and muscles
were dissected. The ribs were cut
by using a costatome and the
larynx, trachea, and pulmones were
taken out as a whole. Findings were
obtained by dissecting the laryngeal
cartilages individually and a picture
of each cartilage was taken. The
number of the cartilagenous rings
of the trachea were counted and
transverse sections were photo-
graphed. Each lobe of the pulmo
(lung) was separately weighed by
using a precision scale. Findings
regarding number, shape, and
location of these Ilobes were
obtained. Photos were taken by
using a Canon 600D brand camera.
Digimato brand digital caliper
(150mm) was used to take
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measurements. Weight dimensions
were measured by a Precisa pre-
cision scale (S 125 SM). The
terminology was based on the
Nomina  Anatomica Veterinaria
(NAV 2012).

Results

In this study, the average length of
the marten from the nose tip to tail
root was 44 cm. The average body
weight of marten was 2.20 kg. The
larynx, trachea, and lungs of marten
were viewed from cranial to caudal.

Larynx

The larynx of the marten consisted
of four cartilages; one double and
three single namely: cart. thyroidea
(unpair), cart. arytenoidea (pair),
cart. cricoidea (unpair), and cart.
epiglottica (unpair). The cart. Thy-
roidea forms the base of the larynx.
It has a cornu rostrale, cornu
caudale, and Ilamina thyroidea.
There was no evidence about
significant linea obliqua and pro-
minentia laryngea ventralis on this
cartilage. The cart. Arytenoidea
were simple pair of cartilages
forming the cranio-dorsal aspect of
the larynx. It was observed that
there was a transition via membrana
crico-tracheale between the first
tracheal ring and the cart. cricoidea
of the larynx and it has a significant
processus muscularis. The apex of
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the cart. epiglottica is wriggled in the
ventral direction (Fig 1).

Trachea

The trachea was shaped by 56-58
cartilages and its length was appro-
ximately 19+2 cm. It lies on the
median line of the animal neck and
was formed by two parts: cervical
part and thoracic part. Examining
transverse sections of the tracheal
rings cleared thatthe rings were
flattened dorso-ventrally, has a
slightly oval shape and its ends
were free. The free ends of the
tracheal rings faced each other,and
leaving a space of about 5.31 mm
long between them. In the cervical
part of the trachea the diameter was
8.32 mm for transversal and 5.94
mm for vertical lengths. In the mid
part of the trachea these values
were 7.00 mm for transversal and
5.23 for vertical lenghts. At the
trachea bifurcation level, the values
were 849 mm and 5.24 mm for
transversal and vertical respectively
(Fig 1).

The thoracic part of the trachea
entered the thorax at a level
between the 4" and 5" ribs.The
trachea was branched at the bifu-
rcatio trachea into two main bronchi:
bronchus principalis dexter and
bronchus principalis sinister. The
tracheal bifurcation angle was
measured as 88.47°. It was deter-
mined that bronchus principalis

Vol. 10, No. 2, (2017) 75 - 83



Larynx, Trachea and Lungs in Martens

dexter splits into four bronchi vent-
ilating the right lung lobes. These
four bronchi were bronchus crania-
lis, bronchus medius, bronchus
caudalis, and bronchus accesso-
rius. It was also found that the bron-
chus principalis sinister splits into
two bronchi: bronchus cranialis
sinister and bronchus caudalis sinis-
ter.

Lung (Pulmo)

On opening the chest cavity in
marten, the lungs were dark red-
brown in colour and had the flat
surfaces. The fissure interlobaris in
martens was deep and the lobes
were significantly distinct from each
other.

a) The right lung (Pulmo dexter)

The right lung (pulmo dexter) was
formed by four lobes: lobus cran-
ialis, lobus medius, lobus caudalis,
and lobus accessorius. The pulmo
dexter was located at a level
between the 2nd and 10th ribs. The
lobus cranialis pulmonis dexter lies
at the level betweenthe 2nd and 7th
ribs, the lobus medius pulmonis
dexter at the level between 6th and
8th ribs, the Ilobus accessorius
pulmonis dexter at the level bet-
ween the 7th and 8th ribs, and lobus
caudalis pulmonis dexter at the level
between 5th and 10th ribs.

The shape of the lobus cranialis
pulmonis dexter was long, dorso-
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medially flattened and looked like a
small tongue. The Ilobus medius
pulmonis dexter was flat and
pyramidal in shape. The lobus
accessorius pulmonis dexter looked
like a plump pyramid; whereas, the
surface of the lobus caudalis pul-
monis dexter was found to be
similar to a stuffed and large tri-
angle.

b) The left lung (Pulmo sinister)

The left lung (pulmo sinister) was
formed by two lobes only: lobus
cranialis and lobus caudalis (Fig
2).The pulmo sinister was observed
between 2nd and 10th ribs. The
lobus cranialis pulmonis sinister was
determined at the level between 2nd
and 6th ribs, while the lobus cau-
dalis pulmonis sinister was obser-
ved to lie at the level betweenthe
5th and 10th ribs.

Estimating the weight of the lung
lobes revealed that; the lobus
cranialis pulmonis dexter was 4.8
gr, the lobus medius pulmonis
dexter was 1.9 gr, the lobus cau-
dalis pulmonis dexter was 7.4 gr
and the lobus accessorius pulmonis
dexter was 2.3 gr. In the left lung,
the lobus cranialis pulmonis sinister
and lobus caudalis pulmonis sinis-
ter weighed 5.7 gr and 9.3 gr,
respectively.

The upper surface of the lobus
cranialis pulmonis sinister was large
and narrowed ventrally; whereas,
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the upper surface of the lobus
caudalis pulmonis sinister was
similar to a stuffed triangle (Fig 3).

Discussion

Larynx

Larynx of the dog was shaped by
combination of seven cartilages:
cart. epiglottica, cart. thyroidea, cart.
arytenoidea (pair), cart. cricoidea,
cart. cuneiformis and cart. Cornic-
ulate (Evans and Christensen,1993;
Getty, 1975; Pasquini et al., 2003).
Larynx of the cat was shaped by
combination of 5 (3 unpaired, 1
paired) cartilages: cart. cricoidea,
cart. Epiglottica, cart. thyroidea, and
cart arytenoidea (Dyce, 2002; Getty,
1975; Pasquini et al., 2003). In this
study, the marten’'s larynx was
shaped by combination of 5
cartilages as in the cat’s larynx (3
unpaired, 1 paired). Cart. Cunei-
formis and cart. corniculate cartila-
ges, which were described in the
larynx of the dog, were not obser-
ved in the larynx of the marten.
Getty (1975) reported that the
appearance of cart. thyroidea was
different in dogs and cats. While the
laminae in dogs were similar to a
rectangular, the laminae in cats
were higher, narrower and exten-
ded obliquely towards the corpus to
dorsocaudal. In martens, the lami-
nae of cart. thyroidea were per-
pendicular  and looked like
rectangular as in dogs. Evans and
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Christensen (1993) andGetty (1975)
reported that in dogs there was a
significant  linea  obligua and
prominentia laryngea ventralis on
the cart. thyroidea. Getty (1975)
noted that in cats the linea obliqua
was not clear as in dogs and
prominentia laryngea ventralis was
not available. In agreement with
what Getty (1975) stated in cats, the
prominentia laryngea ventralis and
linea obligua were not also present
in martens. Konig and Liebich
(2007) and Getty (1975) stated that
the apex of the epiglottis was sharp
and triangular in camivores. In the
present study, the apex of the
epiglottis was sharp and triangle,
and also, curved in cranioventral
direction.

Trachea

Evans and Christensen (1993) and
Getty (1975) reported that while
trachea in cats was consisted of 38-
43 tracheal rings, the trachea in
dogs was consisted of 42-46
tracheal rings (cartilago trachealis).
The tracheal rings were 56-58 in
martens. Getty (1975) stated that
the ends of tracheal cartilages faced
each other in uppe and there was
an opening between them in
transverse sections in the cervical
part of the trachea. In martens, the
ends of cartilages were faced each
other and there was an opening as
in the carnivores (mentioned in the
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results). Getty (1975) stated that the
trachea was separated into two
bronchi towards the right of the
median plane at the level between
the 5th and 6th ribs and dorsal to
the hearth base. These bronchi
were bronchus principalis dexter
and sinister. Similar bifur-cation was
found in martens at the level of he
4th and 5" ribs (mentioned before in
the results). Bahadir and Yildiz
(2005) reported that the average
length of the trachea was 15-30 in
carnivore species. In this study, this
length was measured as 19 + 2 cm
for martens.

Lungs (Pulmones)

Getty (1975) and Dursun (2006)
reported that the color of the blood
drained the lungs could change
from pink to orange according to the
blood content. They also stated that
when the lung is full with blood, its
color was dark red, in addition, the
carnivore lung had a flat surface. In
marten of this study, the color of
lungs was dark red-brown and its
surface was flat. Getty (1975) stated
that in cats and dogs, the pulmo
dexter was consisted of four lobes
which were lobus cranialis, lobus
medius, lobus caudalis, and lobus
accessorius and the pulmo sinister
was consisted of two lobes: cranial
and caudal. In the martensof the
present study the lungs have the
similar number of lobes as in cat
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and dog. Getty (1975) and Dursun
(2006) reported that lungs were
divided into lobes by interlobar
fissures (fissura interlobares) and
these fissures were quietly deep in
carnivores. In parallel with this
information,the fissura interlobares
in martens were deep and lobes
were significantly distinct from each
other (This piece of infor-mation
was not mentioned in the results
and was added there).

The study involves some limitations.
Due to the fact that martens are wild
animals, the lack of materials can
be considered as a limitation. Since
animal materials were arrived as
dead, histological examination could
not be performed. Also, owing to the
fact that the lack of literature about
some species in the same family
(mink, badger, etc.), gives no
chance to compare with animals in
the same order could be regarded
as a limitation of the study.

Conclusion

In conclusion, larynx, trachea and
lungs of the martens were described
macroscopically. The larynx was
similar to the cat in felidae family;
whereas, the trachea and lung were
similar to canidae. It is expected
that the information set forth
regarding martens would address
the lack of literature in this area.
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Fig (1): Larynx cartilages and transverse sections of cartilago trachealis. A:
Cartilago thyroidea, 1. Cornu caudale, 2. Cornu rostrale, 3. Lamina thyroidea, B:
Cartilago epiglottica, C: Cartilago arytenoidea, D: Cartilago cricoidea, E: Cartilago
trachealis (the upper 1/3)
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Fig (2):The dorsal image of the larynx, trachea and lung in marten. 1. Larynx, 2.
Trachea, 3. Bifurcatio trachea, a. Lobus cranialis pulmonis dextri, b. Lobus caudalis
pulmonis dextri, c. Lobus accessorius pulmonis dextri, d. Lobus cranialis pulmonis

sinistri, e. Lobus caudalis pulmonis sinistri

1S X

Fig (3): The image of the separated pulmonary lobes (lobus pulmonis). a. Lobus
caudalis pulmonis dextri, b. Lobus medius pulmonis dextri, c. Lobus cranialis pulmonis
dextri, d. Lobus accessorius pulmonis dextri, e. Lobus caudalis pulmonis sinistri, f.

Lobus cranialis pulmonis sinistri.
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Animal species in this Issue

Martens (Martes foina)

Kingdom: Animalia & Phylum: Chordata & Class: Mammalia & Order: Carnivora & Sub-
order: Caniformia &Family: Mustelidae & Subfamily: Mustelinae, Genus: Martes & Spe-
cies: N. foina

The beech marten (Martes foina), also known as the stone marten, house
marten or white breasted marten, is a species of marten native to much of Eu-
rope and Central Asia, though it has established a feral population in North
America. While the pine marten is a forest specialist, the beech marten is a
more generalist and adaptable species, occurring in a number of open and for-
est habitats.

The beech marten has a somewhat longer tail, a more elongated and angular
head and has shorter, more rounded and widely spaced ears. Its nose is also of
a light peach or grey colour, whereas that of the pine marten is dark black or
greyish-black.

the beech marten moves by creeping in a polecat-like manner, whereas the pine
marten and sable move by bounds. The beech marten's fur is coarser than the
pine marten's, with elastic guard hairs and less dense underfur. Its summer coat
is short, sparse and coarse, and the tail is sparsely furred. The colour tone is
lighter than the pine marten's. Unlike the pine marten, its underfur is whitish, ra-
ther than greyish. The tail is dark-brown, while the back is darker than that of the
pine marten.

Source: Wikipedia, the free encyclopaedia
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Abstract showed a foramen on the nasal
African savanna hare (Lepus micro- bone. and a non-serrated Iatgral
tis) belonging to the family Lepori- margin of the margo supraorbital
dae, is a placental mammal with process of the frontal bone. The

vast economic and scientific im- maxilla was trabeculated while the

portance ranging from the major temporal bone was spongy-like in
source of protein for the teaming appearance. The palatine appeared
population to models of laboratory perforated in a W-shape. For crani-
and genetic studies as well as val- ometric results, the skull weight was
ued game reserve. The aim of this 13.4g with the mandible and 9.5g
study was to investigate the mor- without the mandibles. While the
phology and craniometric featuresof dorsal and ventral skull length was
the skull of African savanna hare 10.5£0.8 and 7.3+0.9, the dorsal
found in North-central Nigeria in an and ventral skull width was 3.1+0.2

attempt to provide basic anatomical and 4.0£0.2 with a dorsal and ven-

data of this wild rodent. The African tral skull index of 29.52 and 54.79
savanna hare used were sampled respectively. The orbital and cranial
from Gwagwalada area council, capacities ~were 5.8+0.6 and

Federal capital territory, Abuja, Ni- 11.2+0.4, and this could aid the vi-
geria. Morphological and cranio- sion and intelligence of this rodent.

metric measurements were con- Our findings have provided baseline
ducted on six skulls. Results information on the skull morphology
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and craniometrics of the African sa-
vannahare, which would be of bene-
fit in understanding morphofunc-
tional and paleontological studies
withemphasis on adaptive features
necessary for domestication of this
rodent.

Keywords: Morphology, Morpho-
metrics, Orbits, Peculiarities, Lepus-
microtis, Cranial and Facial.

Introduction

African Savanna Hare (Lepus mi-
crotis) belongs to the family Lepori-
dae and order Lagomorpha (Kry-
geret al., 2004).They are placental
mammals’ varying in size from small
to medium sized (Chapman and
Flux, 1990; Mengoni, 2011). They
are generally herbivorous and long
eared and constitute the base of
many predator-prey interactions
(Chapman and Flux, 1990; Men-
goni, 2011). They are fast runners
and although they typically live soli-
tarily, can shift hundreds of kilome-
tres in response to environmental
changes or in search of food
(Kryger et al., 2004).

African Savanna hares have been
reported to be of economic and sci-
entific importance due to their role
as a major food source of protein, a
model of laboratory animals, valued
game reserve and can provide sci-
entific insight into entire trophic sys-
tems (Chapman and Flux, 2008).
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Also serve as a model for popula-
tion genetics (Alves et al., 2008).
Recently, they have been seen as
the subject of numerous interna-
tional translocation (Moores et al.,
2012) and traditional medicine for
curing nearly 11 different ailments
including diarrhoea, stomach ache,
burns and wound (Magige, 2015).

Moores and Brown (2013) empha-
sized the need for research by both
professionals and amateur biolo-
gists on this rodent as its identifica-
tion has posed problems. In Africa,
different species of hares have been
identified based on their morpholog-
ical traits (Suchentrunk et al., 2006;
Palacios et al., 2008) such as body
size, ratio of width of mesopterygoid
space to minimum length of the
hard palate, teeth features and
quantity of black coloration in the
ear (Kingdon, 2013). Basically, the
basis for its identification despite the
conspecific report on their taxonomy
and distribution globally (Petter
1959; Slimen et al., 2005; Slimen et
al., 2008) is the obvious russet area
on the nape of the neck and its
more coloured and roughed fur
(Moores et al., 2012) but no particu-
lar emphasis has been placed on
the skull morphology; a good ana-
tomical area of species identification
and to the best of our knowledge is
non-existent in the literature.

The aim of the present study, there-
fore, was to investigate the skull
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morphology and morphometry of the
African savanna hare in an attempt
to contribute to information in this
emerging field of anatomical studies
of this wild rodent.

Materials and Methods

Six (four males and two females)
African Savanna hares were used
for this study. They were live-
trapped at Gwagwalada area coun-
cil, Federal Capital Territory, Abuja,
North central Nigeria. A veterinarian
physically examined all the hare,
and there was no osteological de-
formity. Ethical approval was ob-
tained from Animal Care and Use
Committee of the University of Abu-
ja, Nigeria. Animals were transport-
ed in metal cages to the Department
of Veterinary Anatomy, University of
Abuja and immediately euthanized
by lethal intraperitoneal injection of
xylazine (10mg/kg) and ketamine
(100mg/kg) (Usende et al., 2016)
and thereafter the heads were col-
lected by cutting at the atlantooc-
cipital joint. The heads were then
processed, and skulls were pre-
pared using cold water maceration
techniques described by Ekeolu et
al., (2016) and Tahon et al., (2013)
with some modification. Briefly, the
heads were soaked in cold water
with ammonium solution and sodi-
um hydroxide overnight to remove
grease and soften the connective
tissues and muscular attachment on
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the bones. The solution was
changed daily for seven days. Ex-
traneous tissues on the bones were
picked using thumb forceps, after
brushing the muscle fibers and con-
nective tissues attached to the
bones with sponges (Ekeolu et al.,

2016). The bones were then
washed in 0.5% sodium hypo-
chlorite  solution  (bleach) for

24hours and removal of any remain-
ing muscles and ligaments was
done. The skulls were left in the
above solution for two changes of 3
hours each and then left to dry in
sunlight. Specimens were photo-
graphed using Olympus digital
camera (FE-360). Digital venire cal-
liper, ruler and thread were engaged
in taking the linear measurement of
the various parts of the skull bones
and mandible to the nearest
0.01centimeters. All parameters
measured were as described by
Sarma (2006) and Saber and
Gummow (2014).

1. Skull length (SL): taken as
the distance between the
highest point of the parietals
to the middle of the rostral
margin of the incisive bone.
This was taken at the dorsal
and ventral views and rec-
orded as dorsal skull length
and ventral skull length re-
spectively.

2. Skull width (SW): taken as
the distance between the
two zygomatic arches. This
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10.

was taken at the dorsal and
ventral views and recorded
as dorsal skull width and
ventral skull width respec-
tively.

Cranial length (CL): taken as
the distance from the central
point of the fronto-nasal su-
ture to the middle point of
the nuchal crest.

Cranial width (CW): taken as
the maximum distance be-
tween the highest points of
the parietal bones.

Facial length (FL): taken as
the distance from the fronto-
nasal suture to the centre of
the incisive bone.

Facial width (FW): taken as
the distance between the
caudal extents of the orbital
rims.

Mandibular length: taken as
the distance between incisor
and caudal border of the
mandible

Mandibular height: taken as
the distance between the
highest point of the coronoid
process to the base of the
mandible

Skull weight with mandibles
(SWM) and Skull weight
without mandible (SWWM)
was taken usingsensitive
bench top scale (LP 502A,
China; with sensitivity of 0.1
to 5kg).

Orbital capacity (OC): all fo-
ramina opening into the or-
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bital cavity were plugged
with plasticine, and the cavi-
ty filled with rice grains to the
orbital rim and then contents

emptied into a measuring
cylinder.
Cranial capacity (CC): simi-

lar to the orbital capacity, all
foramina opening into the
cranial cavity were plugged
with plasticine, and the cavi-
ty was filled with rice grains
and then content emptied in-
to a measuring cylinder.
Orbital height (OH): taken as
the perpendicular distance
between the supraorbital and
infra-orbital margins of the
orbit.

Orbital width (OW): taken as
the horizontal distance be-
tween the rostral and caudal
margins of the orbital rim.
Foramen magnum width
(FMW): taken as the maxi-
mum distance between the
mid lateral (horizontal) boun-
daries of the foramen mag-
num.

Foramen magnum height
(FMH): taken as the maxi-
mum distance between the
mid vertical boundaries of
the foramen magnum.
Length of margo supraorbital
(LMS): taken as the distance
between the rostral and cau-
dal extent of the margo su-
praorbital for the frontal
bone.
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17. Width of margo supraorbital
(WMS): taken as the dis-
tance from most lateral to
most medial of the margo
supraorbital of the frontal
bone. This was taken at
three points: Rostral (RMS),
Middle (MMS) and caudal
(CMS).

18. For the skull, cranial, orbital
and facial indices, the equa-
tion of Miller et al.(1964) was
used and are given below:

a. Skull index = skull width/skull
length X100

b. Cranial index = cranial
width/cranial length X100

c. Orbital index = orbital
width/orbital length X100

d. Facial index = facial
width/facial length X 100

e. Foramen magnum index =

foramen magnum
width/foramen magnum
height X 100

Statistical analysis

All numerical data generated from
the craniometric studies were ana-
lyzed using Graph Pad prism ver-
sion 6.0 (GraphPad Software, Inc.,
La Jolla, CA, USA) and presented
as mean = standard deviation.

Results

The skull consists of the cranial
bones, facial bones and hyoid appa-
ratus. The cranial and facial bones
give boundaries to the cranial and
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nasal cavities respectively. The
bones are either paired or unpaired
and thus described as follows:

Os occipital (Occipital bone)

The occipital makes up the bounda-
ry that completely encircles the fo-
ramen magnum (passage of spinal
cord) at the most caudal part of the
skull. The supra-occipital or squa-
mous part of the occipital (Fig 1/1)
forms the dorsal boundary; the flat
basioccipital (Fig 1/3) forms the ven-
tral boundary while the exoccipital
(Fig 1/2) forms the lateral boundary.
The supra-occipital is a flat butterfly-
like bone bearing a distinct nuchal
crest (Figs1/5, 2/20, 3/2) about its
middle. It is fused with the interpari-
etal (Fig 1/9) and paired parietal
(Fig 1/10) rostrally forming both in-
ternal and external protuberances
(Figs 1/6, 3/3). The external protu-
berance fuses with the nuchal crest.

The exoccipital flanks the foramen
magnum on either side dorsally and
ventrally, it bears two distinct occipi-
tal condyles (Fig 1/8) that articulate
with the wings of the atlas. Lateral
to these condyles are distinct jugu-
lar processes (Figs 1/7, 3/5). The
hypoglossal fossa is located be-
tween each condyle and the jugular
process bearing two hypoglossal
canals (Fig3/6).

The basilar part (basioccipital) (Figs
1/3, 3/10) is slightly shallow and
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wide. If fuses with the laterals on
either side and with the basi-
sphenoid (Fig 3/11) rostrally.

Os basisphenoidale & Os Pre-
Sphenoidale (Sphenoid bone)

The unpaired sphenoid bone is me-
dianly located and divided into two
parts; the basisphenoid (Fig 3, 11)
and presphenoid (Fig 3/14) which
are separated by a distinct fissure.
Dorsally, the wide basisphenoid
bears a slightly shallow longitudinal
depression, which is continuous
with the basioccipital. It also bears a
cranio-pharyngeal canal (Fig 3/13)
that opens into the hypophyseal
fossa. Ventrally, it bears two distinct
ridges that taper rostrally towards
the presphenoid bone. The pre-
sphenoid is much narrower, triangu-
lar and thickened caudally. Both
basi- and presphenoid bear alas-
phenoids and orbitosphenoid re-
spectively, which are wing projec-
tion from the body that extends into
the caudal border of the orbital wall.
An orbital foramen is located be-
tween the two wings. The alasphe-
noid fuses with the frontal bone and
pterygoidhamulus of the pterygoid
bone. The orbitosphenoid is fused
with the frontal bone dorsally, eth-
moid cranially and palatine ventrally.
The ethmoid foramen (Fig 4/27) is
situated at the frontosphenoid su-
ture.

Os parietale (Parietal bone)
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These are paired flat bones (Figs
1/10, 2/3, 4/18) that make up the
dorsal boundary of the cranial cavity
and unite at the midline by the inter-
parietal suture. Slightly convex in
shape, it forms a fusion with the
frontals and squamous part of tem-
poral laterally on either side. Cau-
dally it fuses with the interparietal
and occipital bones.

Os interparietale
bone)

These are two tiny oval plates (Figs
1/9, 2/18, 4/20) situated between
the parietals, squamous and lateral
parts of the occipital bones. It is
slightly spongy in nature.

(Interparietal

Os frontale (Frontal bone)

The frontal bone (Figs 1/13, 2/2,) is
made up of narrow, long pair of
bones making up part of the dorsal
wall of the cranial cavity. It fuses
with the parietals caudally. It is
made up of two parts: the slightly
convex horizontal plate and a verti-
cal plate. The margo supraorbital
(Figs 1/14, 2/7, 3/20, 4/14) located
on the lateral margin of the horizon-
tal plate extends rostrally and cau-
dally over the orbit forming the ros-
tral (Fig 2/10, 4/15) and caudal (Figs
2/11, 4/16) supraorbital incisures
and processes respectively against
the frontal bone. The caudal inci-
sura is twice the length of the rostral
one. Rostrally, the nasal processes
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(Fig 4/17) of the frontal bone fuse
with the paired nasal bones (Figs
2/1, 4/11). The shape of the nasal
processes of either side ends at an
angle forming an isosceles triangu-
lar shape. Furthermore, the frontal
bone bears a thin lateral process.

Orbita (Orbits)

These are incomplete circular bony
structures located on either side of
the skull about its middle. It consists
of frontal on its dorsal boundary,
ethmoid as its rostromedial surface,
alasphenoid and orbitosphenoid
forming the mediocaudal surface.
The temporal (Figs1/15, 4/19) forms
the caudal surface, while the zygo-
matic arch (Fig 4/35) makes up the
lateral boundary. The lacrimal (Fig
4/13) forms the proximal rostral
boundary while the maxillary tuber
(Fig 4/8) forms the distal rostral
boundary.

A pterygopalatine fossa is present
between the orbital median surface
and the maxillary tuber. This fossa
bears three foramina namely: the
most proximal maxillary foramen
which leads to the infraorbital canal,
the sphenopalatine foramen that
leads to the nasal cavity and the
caudal palatine that leads into the
palatine canal

The two orbits are separated by a
thin median bony septum. The ros-
tral part of the bony septum bears a
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large optic foramen (Fig 4/28)
through which the two orbits com-
municate.

Os lacrmale (Lacrimal bone)
These form the rostral boundary of
the orbit on its proximal end. These
are paired small, thin bones bearing
a nasolacrimal foramen (Fig 4/12)
that leads into the nasolacrimal ca-
nal for passage of lacrimal duct from
the gland. Above the foramen is the
laterally situated lacrimal hamulus.

Os temporale (Temporal bone)
This is a paired bone located be-
tween the parietal dorsally, rostrally
with frontal and sphenoid ventrally.
It has four parts: the squama, mas-
toid, tympanic and petrous. The
squama is bordered by the squa-
mous occipital dorsocaudally and
the other 3 parts. The squama is
irregular in shape, contributing most
to the lateral wall of the cranial cavi-
ty. Rostrally it gives out a zygomatic
process (Fig4/31) forming the lateral
wall of the orbit. The ventral part of
this process bears a mandibular
fossa to which the condyle of the
mandible articulates. A small tuber-
cle projects above the zygomatic
process.

Ventral to the squama is the mas-
toid part (Fig 4/30) that is spongy-

like in appearance. It is attached to
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the occipital caudally and tympanic
part of temporal distally. Ventral part
of the temporal bone bears the
bulbous tympanic bulla (Figs3/7,
4/25) that gives exit to the external
acoustic meatus (Figs1/11, 2/15,
4/24), which is a short tube-like
structure. The retrotympanic pro-
cess (Fig 4/22) is located dorso-
caudally to the base of the external
acoustic meatus. Ventral to this is
the styloid process. The petrosal
part is behind the mastoid part, and
the small jugular process is located
about the middle and ventral border
of the bulla respectively. The large
prominent carotid canal is situated
at the ventromedial part of the bulla
towards the basisphenoid.

Os ethmoidale (Ethmoid bone)
This bone forms the rostral and
caudal boundaries of the cranial and
nasal cavities respectively. It bears
a sieve-like cribriform plate and a
perpendicular plate. The olfactory
nerves emanating from olfactory
bulb of the brain pass through the
cribriform plate, while the bony na-
sal crest makes up the perpendicu-
lar plate. A narrow crista galli di-
vides the cribriform plate into 2
parts. The plate also bears scat-
tered large foramina. The perpen-
dicular plate forms the caudal nasal
septum in conjunction with the vo-
mer bone (Fig 3/15).
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Turbinate bones
These are scroll-like bony plate pro-
jections in the nasal passage from
the cribriform plate of ethmoid that
projects rostrally.

Os nasale (Nasal bone)

These are paired bones located ros-
trally to the frontals and elongated
rostrally. Each nasal bone is fused
with the frontal caudally and the na-
sal process of the incisive (Figs2/4,
4/3 throughout its length laterally.
Dorsally the bone is smooth hori-
zontally and tapers or decline ven-
trally midway of its length. About 2/3
the length, it bears a nasoincisive
notch which is slightly convex later-
oventrally. This notch bears a fora-
men (Fig4/29). Rostrally, the nasals
end as a curved shape to conform
to the nasal openings. The openings
are divided into two halves by a
median cartilaginous nasal septum
that extends caudally to meet the
ethmoid bone.

Os incisivum (Incisive bone)

The incisive bones (Figs 3/28, 4/2)
are paired bones that make up the
most rostral aspect of the skull. It
presents a body, two surfaces and
three processes. The palatine sur-
face is slightly concave while the
labial surface is slightly convex. The
nasal process (Fig 4/3) is long, thin
and does not fuse with the nasal
and maxillary bones (Fig 4/4). How-
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ever, it makes up part of nasal cavi-
ty lateral wall. The palatine process
(Fig 3/28) is very much thinner and
fuses with the other rostrally only,
close to the incisor teeth and further
fuse again towards the first premo-
lar. The alveolar process (Fig 3/32)
is very short. Each alveoli process
bears alveolar sockets for four inci-
sor teeth with 2 being most rostral.

Maxilla

The upper jaw is mainly made up of
the paired maxilla (Fig 4/4). The
body bears two surfaces, which
present a trabeculae-like appear-
ance made up of numerous forami-
na lateromedially. The infraorbital
foramen (Fig 4/7) is situated amon-
gst the foramina at the base of the
zygomatic arch. Immediately behind
the foramen is the zygomatic pro-
cess (Fig 4/9) of the maxilla, which
bears a prominent facial crest. The
medial surface is concave dorso-
ventrally forming part of the nasal
cavity wall. The thin dorsal border
fuses with the nasal process of inci-
sive and lateral process of frontal
bones while the thick, strong ventral
border is somewhat straight and
smooth. The latter extends caudally
and widens mediolaterally as the
alveolar process (Fig 4/33) to ac-
commodate the alveolar canals for
the two premolar and four molar
teeth.
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A narrow bony palatine process of
the maxilla (Fig 3/26) is situated ros-
trally to the horizontal plate of the
palatine (Fig 3/18). Both the maxilla
and palatine fuses together to form
part of the hard palate.

The maxilla extends caudally to-
wards the orbit to form a medial
maxillary tuber (Fig 4/8) and a lat-
eral facial tuber (Fig 4/6). The maxil-
lary tuber is thick and wide ros-
trocaudally as it presents a ptery-
gopalatine fossa against the orbital
median surface.

The facial tuber is very small, fuses
with the temporal process of zygo-
matic (Fig 1/12) bone to form the
zygomatic arch alongside the zy-
gomatic process of temporal bone
(Fig 4/31).

Os zygomaticum (Zygomatic
bone)

The zygomatic bones (Fig 4/11) are
two small bones that make up part
of the lateral boundary of the orbit. It
has two surfaces, the flat orbital and
concave malaris surfaces. It fuses
with the maxilla by its zygomatic
process rostrally and the zygomatic
process of the temporal bone cau-
dally. The suture line between the
bones is fused. The temporal pro-
cess of the zygomatic bone runs
caudally towards the zygomatic pro-
cess of temporal bone. The tem-
poral process has a projection (Fig
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4/32) caudally at the end of the zy-
gomatic arch.

Os palatinum (Palatine bone)

The paired palatine has both per-
pendicular part (Fig 3/17) and hori-
zontal part (Fig 3/18). The horizontal
part forms the caudal hard palate at
which the soft palate attaches. It
also bears the major palatine fora-
men (Fig 3/27), which is rostrad and
minor palatine foramen. The per-
pendicular partin conjunction with
basisphenoid and pterygoid process
makes up the dorsal and lateral
walls of the nasopharyngeal mea-
tus, choanae (Fig 3/19) and nasal
cavity opening into the nasophar-
ynx. The rostral part of this plate
overlaps the alveolar process of the
maxillae. The caudal part forms 2
lateral processes of which the ex-
ternal process overlaps the ptery-
goidhamulus, and the internal pro-
cess overlaps the pterygoid process
of sphenoid bone.

Os pteygoideum (Pterygoid

bone)

These are paired, tiny bony plates
between the palatine rostrally and
the sphenoid caudally. It is made up
of the squamous part and pterygoid
hamulus. The squamous part is
convex and makes up part of the
lateral and ventral walls of the cra-
nial cavity. It is located caudally and
fuses with the tympanic bulla of the
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temporal bone. It also fuses with the
pterygoid process of sphenoid bone.
It forms the Pterygoid hamulus,
which is a thin hook-shaped process
on its free margin. This makes up
pterygoid fossa between the two
laminae of the bone.

Vomer

This is a thin single bony plate that
makes up the ventral part of the na-
sal septum. It is a bent arch, located
rostrally at the palatine process sul-
cus and caudally at the rostral mar-
gin of presphenoid bone.

Mandibula (Mandible)

This makes up the lower jaw (Fig 5).
It consists of two halves, each made
up of a body (Figs 5/1, 5/2) and a
vertical ramus (Fig 5/3). The thick
body can be subdivided into rostral
and caudal parts. The rostral inci-
sive part (Fig 5/1) is convex on its
labial surface (Fig 5/7) and concave
on its lingual surface. The most ros-
tral part bears alveolar sockets for
the incisor pair of teeth. The molar
caudal part bears sockets on its
dorsal border to accommodate the
roots of the five cheek teeth (Fig
5/18) and a small oval mandibular
foramen.

The molar part (Fig 5/2) bears a
mandibular foramen on its lingual
surface, which is continuous cranial-
ly toward the incisive part and exit
as the mental foramen (Fig 5/13),
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which is made up of two openings.
Pitted small numerous foramina (Fig
5/10), which are numerous and also
seen in this region.

The thin, flat, vertical ramus bears
masseteric (Fig 5/4) and pterygoid
fossae on the lateral and medial
surfaces respectively. Caudal to the
body and ventral to the ramus is the
rounded angle of the mandible (Fig
5/15). Proximal to this is the angular
process (Fig 5/16), which bears a
sharp pointed edge. Proximal to the
angular process is a wider edge
called the condyloid process (Fig
5/9) where the TMJs are situated.
Mandibular notch (Fig 5/6) sepa-
rates the condyloid process from a
rostral smaller coronoid process (Fig
5/5).

Morphometrics

Some of the morphometric parame-
ters taken are represented in figure
6 and the results of the morphomet-
ric measurements are presented in
table 1. The dorsal skull length
was10.5£0.8 while the ventral was
7.310.9. The dorsal width of the
skull was 3.1+0.2 whereas the ven-
tral was4.0+0.2. On the other hand,
the cranial length and width were
7.120.4 and 3.5%0.1 respectively
while the facial length and width
were 3.320.2 and 3.210.1 respec-
tively. Orbital height and width were
3.410.3and 2.810.3 respectively.
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Discussion

We report that the skull of African
savanna hare (Lepus microtis) con-
sists of the cranial bones, facial
bones and hyoid apparatus. Similar
findings have been documented for
the domestic rabbit (Oryctolagus
cuniculus) (Farag et al., 2012).
Concerning the occipital bone of the
African savannah hare, four parts
were observed in this study; su-
praoccipital, basioccipital and two
exoccipital similar to reports of
Farag et al, (2012) and Crabb
(1931) in domestic rabbit. Again we
reported a notched foramen mag-
num corroborating the work of
Farag et al., (2012). The supraoc-
cipital is a flat butterfly-like bone.
However, the condyles and jugular
process are typical of other mam-
mals (Shawulu et al., 2011).

For the basisphenoid, we observed
a perforated rostrophargngeal canal
that opens into the hypophyseal
fossa (Sisson and Grossman 1975,
Shawulu et al., 2011). This observa-
tion is consistent with that of domes-
tic rabbit Farag et al., (2012). How-
ever, while the canal was centrally
located in the domestic rabbit, we
observed a lateral located canal in
the African savannah hare. The hy-
pophyseal fossa accommodates the
hypophyseal gland (Sisson and
Grossman 1975; Shawulu et al,
2011).
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Our observations on the parietal
bone simulate the report of Farag et
al., (2012) in domestic rabbit and
lack the zygomatic process. Earlier,
Shawulu et al. (2011) suggested
that prominence of the interparietal
suture could predispose to fracture.
This is a possibility in the African
savanna hare. The parietal bone
also bears a smooth external sur-
face, which is in line with the find-
ings of Cabon-Raczynska, (1964).
The interparietal bone on the other
hand composed of slightly spongy
two bony plates. This simulates the
findings of  Cabon-Raczynska,
(1964) in the European hare as be-
ing porous in structure.

On the frontal bone, we observed a
non-serrated margin of the margo
supraorbital process in African sa-
vanna hare skull. Although Farag et
al., (2012) observed this feature in
domestic rabbit, to be serrated. In
addition, the caudal incisura is twice
the length of the rostral one. Our
observation on museum specimen
of the skull of other domestic mam-
mals used during Veterinary anato-
my practical showed the absence of
this incisura.

The orbits of African savanna hare
are similar to that described by
Farag et al., (2012) for the domestic
rabbit. The thin median bony sep-
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tum observed that separate the two
orbits could be a point of fracture in
this species.

The mastoid part of the temporal
bone presents spongy-like appear-
ance at the ventrolateral part, which
also forms the part of the cranial
cavity. This has not been reported in
domestic mammals. A large promi-
nent carotid canal was also ob-
served on the temporal bone of the
skull of African savanna hare that
simulates the work of Farag et al,
(2012) for the domestic rabbit.

Our study of the nasal bone showed
a foramen on the naso-incisive
notch. This foramen has not been
reported in domestic and wild ani-
mals. We venture to call it nasal fo-
ramen (of Oyelowo and Usende).

It was observed in this study that
the nasal process of incisive bone
does not fuse with the nasal and
maxillary bones as in other domes-
tic species. The zygomatic bone
was also observed to have a flat
orbital and concave malaris surfac-
es. Although it simulates the study
of Cabon-Raczynska, (1964), this is
different from other domestic spe-
cies.

Morphometric data are useful for the
theoretical importance of functional

Vol. 10, No. 2, (2017) 85 - 107



Morphometry of the African Savanna Hare skull

morphology as well as either abso-
lute or relative size of particular in-
terest (Saber and Gummow 2014),
and we present for the first time,
data on the morphometrics of the
African savanna hares. In our re-
port, the dorsal and ventral skull in-
dex of the African savanna hare
were 29.52 and 53.79 respectively.
Saber and Gummow (2014) showed
the skull index of koala, wombat and
wallaby to be 48.78, 111.21 and
74.75 respectively. Although their
study only looked at the dorsal skull
index, comparing their report with
our present report of 29.52 for dor-
sal skull index, this was relatively
lower compared to the report of Sa-
ber and Gummow (2014). Similarly,
we reported a facial index of 96.97
for the African savanna hare while
Saber and Gummow (2014) report-
ed 186.11, 175.24 and 114.29 for
koala, wombat and wallaby respec-
tively.

Concerning the cranial capacity,
Saber and Gummow (2014) report-
ed 20.0+2.4, 61.7+11.8 and 33.5+37
for koala, wombat and wallaby re-
spectively. Earlier, Sarma (2006)
showed the cranial capacity of ak-
agani goat to be 113 while Yahaya
et al, (2012) reported 487.92 +7.55
for one hump camel. Interestingly,
Hajnis (1962) stated that skull ca-
pacity is in no way dependent on
the form of the skull. However, in
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koala, about 40% of the cranium is
filled with cerebrospinal fluid (Saber
and Gummow, 2014). In the Wom-
bat, the cranial index has been re-
ported to be 50. 961 (Saber and
Gummow, 2014). This is higher than
the 46.67 reported in our work for
African savanna hare.

Brain capacity/size in relationship to
intelligence in school children (Es-
tabrooks,1928) and animals (Hicks
and Dougherty, 2013) have been
studied and in wombats and walla-
bies could reflect their intelligence
for getting food and water, manag-
ing territory, offences and in de-
fence (Saber and Gummow, 2014).

Our findings have provided baseline
information on the skull morphology
and morphometrics of the African
savanna hare, which would be of
benefit in understanding morpho-
functional and paleontological stud-
ies with an emphasis on adaptive
features necessary for domestica-
tion of this rodent.
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Table (1): MeanzSD of skull parameters of African savanna hare (Lepus microtis)
found in North central Nigeria

SN Parameter Mean*SD
1 Skull weight with mandibles (g) 13.4

2 Skull weight without mandibles (g) 9.5

3 Dorsal skull length 10.5+0.8
4 Ventral skull length 7.310.9
5 Dorsal skull width 3.110.2
6 Ventral skull width 4.0+0.2
7 Dorsal skull index 29.52

8 Ventral skull index 54.79

9 Cranial length 7.1+0.4
10 Cranial width 3.5+0.1
11 Cranial index 46.67
12 Cranial capacity 11.2+04
13 Facial length 3.310.2
14 Facial width 3.240.1
15 Facial index 96.97
16 Orbital height 3.4+0.3
17 Orbital width 2.840.3
18 Orbital index 82.35
19 Orbital capacity 5.840.6
20 Length of margo supraorbital 1.9+0.2
21 Rostral distance between margo supraorbital 2.2+0.4
22 Mid distance between margo supraorbital 2.5+0.3
23 Caudal distance between margo supraorbital 3.00.7
24 Foramen magnum height 1.80.1
25 Foramen magnum width 1.9+0.3
26 Foramen magnum index 105.5
27 Mandibular length 6.0+0.9
28 Mandibular height 3.2+0.7
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Fig (1): Dorsocaudal view of the skull of African Savanna Hare

1 Squamous part of occipital bone, 2 Exoccipital of occipital bone, 3 Exoccipital of occip-
ital bone, 4 Basilar part of occipital bone, 5 Foramen magnum, 6 Nuchal crest, 7 Exter-
nal occipital protuberance, 8 Jugular process, 9 Occipital condyle, 10 Inter-parietal
bone, 11 Parietal bone, 12 External acoustic meatus, 13 Temporal process of zygomatic
bone, 14 Frontal bone, 15 Supraorbital process,
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Fig (2): Dorsal view of the skull of African Savanna Hare

1 Nasal bone, 2 Frontal bone, 3 Parietal bone, 4 Nasal process of incisive bone, 5 Lac-
rimal bone, 6 Facial tuber, 7 Supraorbital margin, 8 Rostral branch of 7, 9 Caudal
branch of 7, 10 Rostral supraorbital incisures, 11 Caudal supraorbital incisures, 12 Zy-
gomatic process of maxilla bone, 13 Zygomatic process of temporal bone, 14 Zygomatic
bone, 15 External acoustic meatus, 16 Squamous part of temporal bone, 17 External
sagittal crest, 18 Interparietal bone, 19 Squamous part of occipital bone, 20 Nuchal crest
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Fig (3): Ventral view of the skull of African Savanna Hare

1 Foramen magnum, 2 Nuchal crest, 3 External occipital protruberance, 4 Occipital con-
dyle, 5 Jugular process, 6 Hypoglossal nerve canal, 7 Tympanic bulla, 8 Jugular fora-
men, 9 Carotid canal, 10 Basilar part of occipital bone, 11 Basisphenoid bone, 12 Basi-
lar tubercle, 13 Craniopharyngeal canal, 14 Presphenoid bone, 15 Vomer, 16 Orbital
fissure, 17 Perpendicular plate of palatine bone, 18 Horizontal plate of palatine bone, 19
Choana, 20 Supraorbital margin, 21 Pterygoid fossa, 22 Alapresphenoid, 23 Pterygoid
process, 24 Zygomatic bone, 25 Facial tuber, 26 Palatine process of maxilla bone, 27
Major palatine foramen, 28 Body of incisive bone, 29 Palatine process of 28, 30 Ventral
nasal concha, 31 Palatine fissure, 32 Dental part of 28, 33 Alveolar process of 28.
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Fig (4): Left lateral view of the skull of African Savanna Hare

1 Nasal bone , 2 Body of incisive bone, 3 Nasal process of incisive, 4 Body of maxilla, 5
Perforated Facial surface of 4, 6 Facial tuber, 7 Infraorbital foramen, 8 Maxilla tuber, 9
Zygomatic process of 4, 10 Alveolar process of 4, 11 Zygomatic bone, 12 Lacrimal fo-
ramen, 13 Nasolacrimal bone, 14 Supraorbital margin, 15 Rostral supraorbital incisure,
16 Caudal supraorbital incisure, 17 Nasal margin of frontal bone, 18 Parietal bone, 19
Temporal bone, 20 Interparietal bone, 21 Nuchal crest, 22 Retrotympanic process, 23
Mastoid process, 24 External acoustic meatus, 25 Tympanic bulla, 26 Stylomastoid fo-
ramen, 27 Ethmoidal foramen, 28 Optical canal, 29 Nasal foramen of 1, 30 Mastoid part
of 19, 31 Zygomatic process of 19, 32 Projected portion of temporal process of 11, 33
Alveolar process of 4, 34 Occipital condyle, 35 Zygomatich arch, 36 Jugular process
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Fig (5): Lateral view of the left half of the mandible of Africana Savanna hare

1 Body of mandible- incisive part, 2 Body of mandible- molar part, 3 Mandibular ramus,
4 Masseter fossa, 5 Coronoid process, 6 Mandibular notch, 7 Labial surface, 8 Head of
condyloid process, 9 Condyloid process, 10 Numerous foramina, 11 Mandibular inci-
sure, 12 Interalveolar margin, 13 Mental foramen, 14 Vasorumincisure, 15 Angle of
mandible, 16 Angular process, 17 Mandibular collum, 18 Premolar and molar teeth
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Fig (6): Some of the morphometric parameters of Africana Savanna hare. ML-
Mandibular length, MH- Mandibular height, DSL- Dorsal skull length, VSL- Ventral skull

length, DSW- Dorsal skull width, VSW-Ventral skull width, LMS-Length of margo supra-
orbital, FMH-Foramen magnum height, FMW-Foramen magnum width.
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Animal species in this Issue

African savanna hare (Lepus microtis)

Kingdom: Animalia & Phylum: Chordata & Class: Mammalia & Order: Lagomorpha &
Family: Leporidae & Genus: Lepus & Species: L. microtis

The African savanna hare (Lepus microtis) is a species of mammal in the fami-
ly Leporidae, native to Africa. It is native to diverse regions and habitats of Afri-
ca, including savannas and the Sahel. It is found in: Algeria, Botswana, Burundi,
Chad, the Democratic Republic of the Congo, Ethiopia, the Gambia, Guinea,
Guinea-Bissau, Kenya, Libya, Mali, Mauritania, Morocco, Mozambique, Namib-
ia, Niger, Rwanda, Senegal, Sierra Leone, South Africa, Sudan, Tanzania, Tu-
nisia, Uganda, and Zambia. The IUCN has listed its conservation status as be-
ing of "least concern".

The African savanna hare is a medium-sized species growing to a length of 41
to 58 cm with a weight of 1.5 to 3 kilograms. The ears have black tips, the dorsal
surface of head and body is greyish-brown, the flanks and limbs are reddish-
brown and the under parts are white. The general colouring is richer in tone than
other hares, especially in mountain regions where the hares are a rather darker
shade. The tail is black above and white below. This hare looks very similar to
the Cape hare in appearance but can be told apart by its distinctively grooved
incisors.

Source: Wikipedia, the free encyclopaedia
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Abstract

Thirty-seven rabbit embryos at em-
bryonic days (E) 10-30 were used to
study the morphogenesis of the
metanephros by light microscope.
The primordium of the metanephros
appears at E 12 within the pelvic
cavity as a spherical ureteric bud
capped by metanephrogenic tissue.
The nephrogenic spherules and the
renal vesicles develop at E 15 while
formation of the renal tubules and
differentiation of the glomerular
capsule take place at E 16. At E 18,
differentiation of the glomerular ca-
pillaries occurs and the proximal
and distal convoluted tubules are
clearly first time demarcated. Posi-
tive alkaline phosphatase activity
and PAS-positive material are con-
fined to the metanephric corpuscles
and the luminal border of the proxi-
mal convoluted tubules. In addition,
the collecting tubules show large
masses of intracytoplasmic PAS-
positive granules. The rabbit meta-
nephros is smooth unipapillary with
indistinct renal columns and pyra-
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mids. It undergoes migration until
reaches its permanent position at E
30 where the right metanephros is
located opposite to the level of the
2" — 4% lumbar vertebrae and the
left one is situated opposite to the
level of the 3™ — 5" |lumbar verte-
brae. This migration is accompanied
by rotation for about 135 degrees
resulting in a dorsomedially located
hilus. In conclusion, the stages of
development of the rabbit meta-
nephros are similar to those in other
mammals but they maintain a de-
layed sequence.

Keywords: Rabbit, Metanephros,
Development, Embryos.

Introduction

Metanephros is the primordium of
the permanent kidney. It develops
from two sources; ureteric bud
(metanephric diverticulum) which
forms the collecting part and meta-
nephrogenic mass of intermediate
mesoderm which gives the secreto-
ry part i.e. nephron (Huber, 1905;
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Hamilton and Mossman, 1976;
Kaufman, 1992; Imam, 2005). Many
aspects of the development of the
metanephros have been investigat-
ed by histologists and embryologists
in different species; (Aoki, 1966;
Rao and Padmini, 2012) in human,
Canfield (1980) in bovine, Imam
(2005) in camel and (Abbas and
Rabie, 2012; Fayez et al., 2014) in
rabbit.

The rabbit is the only known mam-
mal in which the tubules can be
separated from kidney slices with
the basement membrane intact, a
factor that has justified its use in
many studies involving renal tubule
physiology. Information about the
known differences between the kid-
ney of the rabbit and the kidneys of
other mammals is therefore of spe-
cial importance (Brewer, 2006). This
article represents a light microscop-
ic study on the development of the
metanephros in rabbits during the
prenatal life and aims to focus on its
origin, early development and mi-
gration, in addition to the histologi-
cal and histochemical changes of
the nephron and the duct system
during different embryonic stages.

Materials and Methods

Thirty seven normal New Zealand
white rabbit embryos at embryonic
days (E) 10-30 were collected from
the Research Farm of Faculty of
Agriculture, Assiut University, Egypt
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(Table 1). Ethical approval was ob-
tained from Animal Care and Use
Committee of Assiut University. The
pregnant rabbits were sacrificed at
various periods of gestation and the
embryos were removed shortly after
evisceration. The embryos were
fixed in 10% neutral buffered forma-
lin or Bouin’s fluid. For histological
and histochemical studies, the em-
bryos aged 10-26 days were taken
as a whole while in those aged 28
and 30 days, only the metanephri
were used. The fixed specimens
were dehydrated in graded alcohol
series, cleared, embedded in paraf-
fin and serially sectioned at 3-5 pm
thick. The obtained sections were
stained with the following stains:
Harris haematoxylin and eosin stain
(Harris, 1900) for general histologi-
cal studies, Periodic Acid Schiff re-
action (PAS) (McManus, 1946) for
detection of glycoproteins and
Gomori calcium method (Gomori,
1952) for detection of alkaline phos-
phatase activity. The prepared sec-
tions were demonstrated by light
microscope. For studying the posi-
tion of the metanephri at full term, 3
embryos at E 30 were dissected.

Results

At E 10 and E 11, the ureteric bud
could not be observed at the pelvic
part of the mesonephric duct.

At E 12, the primordium of the met-
anephros could be observed as a
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spherical ureteric bud capped by
metanephrogenic tissue. The ureter-
ic bud arises from the dorsal aspect
of the caudal part of the mesoneph-
ric duct before its entrance into the
urinary bladder. The metanephros
primordium is located within the pel-
vic cavity, caudal to the mesoneph-
ros for some distance and is related
dorsally to the aorta, ventrally to the
rectum and ventrolaterally to the
umbilical artery. The metanephro-
genic tissue consists of an over-
crowded inner layer and a loose
outer layer of mesenchyme. This
mesenchyme consists of small
branched cells with little amount of
cytoplasm and large oval nuclei

(Fig. 1).

At E 13, the primordium of the met-
anephros extends more cranially to
be located just caudal to the meso-
nephros. The metanephros be-
comes enlarged and elongated
craniocaudally. The first division of
the ureteric bud could be observed
consisting of cranial and caudal
branches surrounded by the meta-
nephrogenic tissue. These branches
are lined by simple columnar epithe-
lium with rounded or oval basely
located nucleus and acidophilic cy-
toplasm (Fig. 2). It becomes strati-
fied in some areas and many mitotic
divisions could be noticed.

At E 14, the metanephros is com-
pressed between the last lumbar
somites dorsally and the caudal end
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of the mesonephros ventrally (Fig.
3). It is bean shaped where it has
dorsal and ventral surfaces, cranial
and caudal extremities, convex lat-
eral border and slightly concave
medial border. The ureter leaves the
middle of the medial border. The
two metanephri are opposite to
each other craniocaudally and dor-
soventrally. They are related medi-
ally to the aorta and projected later-
ally into the celomic cavity (Fig. 4).
The ureteric bud gives off the sec-
ond division. Each branch of the
ureteric bud is capped by its own
metanephrogenic tissue and all are
surrounded by loose mesenchyme
containing some red blood cells.
The metanephros is surrounded ex-
ternally by a thin layer of mesen-
chyme, which represents the pro-
spective renal capsule (Fig. 5). The
branches of the ureteric bud
showed positive PAS reaction while
the metanephrogenic tissue was
PAS negative (Fig. 6).

At E 15, the metanephros is located
dorsal to the mesonephros, just
caudal to its middle (Fig. 7). The
right metanephros is situated
somewhat cranial and dorsal to the
level of the left one (Fig. 8). The
metanephros differentiates into an
outer dense cortex and an inner
loose medulla. The medulla con-
tains few collecting tubules sur-
rounded by large amount of inter-
tubular mesenchyme. Each group of
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the collecting tubules is capped by
its own metanephrogenic tissue
forming together the primitive renal
lobes, which are separated from
each other by interlobar mesen-
chyme containing many red blood
cells. Outgrowths of the collecting
tubules extend within the cortex with
their terminal branches breaking
down the metanephrogenic tissue
into smaller separate portions. The
cells of the metanephrogenic tissue
around the collecting tubules are
arranged in several layers. They are
closely packed with large deeply
stained nuclei. At the angle between
the collecting tubule and its terminal
branches, there are small nephro-
genic spherules. Some of these
spherules develop a narrow lumen
in its center forming renal vesicles
(Fig. 9). The collecting tubules
showed PAS-positive material while
the metanephrogenic tissue, the
nephrogenic spherules and the re-
nal vesicles were PAS negative.

At E 16, the metanephros extends a
bit cranially to be located dorsal to
the middle of the mesonephros. The
nephrogenic tissue of the adjacent
primitive renal lobes becomes com-
pletely fused forming a continuous
outer nephrogenic layer giving the
metanephros a smooth outer sur-
face. Within the cortex, most of the
metanephrogenic spherules develop
into renal vesicles while; others re-
main solid and somewhat peripher-
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ally located. Some of the renal vesi-
cles become elongated into renal
tubules and acquire different
shapes; comma-shape and S-
shape. Few of the ends of these tu-
bules, which are close to the termi-
nal branches of the collecting tu-
bules, are continuous with them
(Fig. 10). The other ends become
ampullated and invaginated by
mesenchymal mass to form a cres-
cent-shaped glomerular capsule.
This mesenchymal mass contains
some red blood cells. The glomeru-
lar capsule has an outer parietal
and an inner visceral layer with
glomerular cavity inbetween. This
cavity shows different width. The
epithelium of the parietal layer is
simple squamous while that of the
visceral layer is low columnar (Fig.
11).

The renal tubules have narrow Iu-
men and are lined by simple colum-
nar epithelium with oval basely lo-
cated nuclei and deeply stained cy-
toplasm. The terminal branches of
the collecting tubules within the cor-
tex are small, have wide lumen and
lined by simple low columnar epithe-
lium with oval basely located nuclei
and pale cytoplasm. The intertubu-
lar mesenchyme contains some red
blood cells. The part of the renal
tubule nearby the glomerular cap-
sule is the prospective proximal
convoluted tubule. The other part
near the terminal branches of the
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collecting tubule is the prospective
distal convoluted tubule and the
middle part will form the loop of
Henle.

The medulla contains stems of the
collecting tubules surrounded by
large amount of loose mesenchyme.
These collecting tubules are large,
have wide lumen and lined by high
columnar epithelium with oval cen-
trally located nuclei and pale cyto-
plasm. The cells of the collecting
tubules showed masses of PAS-
positive intracytoplasmic granules
while the metanephrogenic tissue,
the nephrogenic spherules, the re-
nal vesicles as well as the renal tu-
bules showed negative PAS reac-
tion.

At E18, the cranial two thirds of the
metanephros become cranial to the
level of the mesonephros therefore;
it is related ventrally to the liver on
the right side and the stomach on
the left (Figs. 12&13). The hilus be-
comes located somewhat dorsome-
dially (Fig. 14).

The metanephros is covered exter-
nally by connective tissue capsule.
The outer layer of the cortex is rep-
resented by a thin layer of meta-
nephrogenic tissue followed by the
renal tubules. The peripheral renal
tubules remain undifferentiated
while the inner ones, towards the
medulla, become differentiated into
proximal convoluted tubules, loop of
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Henle and distal convoluted tubules.
The undifferentiated renal tubules
have narrow lumen and are lined by
simple columnar epithelium with
large oval vesicular nuclei and dark
cytoplasm (Fig. 15). The proximal
convoluted tubules are numerous,
large and lined by large cuboidal
epithelium with rounded vesicular
nuclei and eosinophilic cytoplasm
with uneven luminal border. The dis-
tal convoluted tubules are few,
smaller, have wide lumen and lined
by cuboidal epithelium with dark cy-
toplasm.

Near the medulla, the mesenchymal
mass, which invaginates into the
glomerular capsule is differentiated
into glomerular capillaries, some
contain red blood cells. The visceral
layer of glomerular capsule be-
comes lined by podocytes, which
come in contact with the endotheli-
um of the glomerular capillaries.
The glomerulus and the glomerular
capsule forming the metanephric
corpuscles (Fig. 16).

The terminal branches of the col-
lecting tubules between the undif-
ferentiated renal tubules are lined
by simple low columnar epithelium
with oval basely located nuclei and
pale cytoplasm while, that deeper in
the cortex are lined by simple co-
lumnar epithelium with rounded cen-
trally located nuclei and pale cyto-
plasm. The renal pelvis is lined by
simple columnar epithelium with
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rounded apically located nuclei and
pale cytoplasm. In some areas, the
epithelium was stratified (Fig. 17).
Masses of PAS-positive granules
could be seen within the cytoplasm
of the collecting tubules. There was
a slight PAS-positive material in the
luminal border of some proximal
convoluted tubules while the meta-
nephric corpuscles, the distal con-
voluted tubules, the loop of Henle
and the undifferentiated renal tu-
bules showed negative PAS reac-
tion (Fig. 18). Slight alkaline phos-
phatase activity was confined to the
luminal border of the proximal con-
voluted tubules, the visceral epithe-
lium of the glomerular capsule and
the endothelium of the glomeruli
(Fig. 19).

At E 20, the metanephros is related
caudally to the degenerated meso-
nephros, cranially to the liver on the
right side and the stomach on the
left. Ventrally, it is related to the liver
on the right side and the intestine on
the left. The hilus is located dor-
somedially. The layer of the meta-
nephrogenic tissue in the outer part
of the cortex becomes thinner and
interrupted by renal tubules. The
proximal and distal convoluted tu-
bules increase in density on the ex-
pense of the outer undifferentiated
renal tubules.

The renal pelvis gives off papillary
ducts which branch into stems of
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the collecting tubules (Fig. 20). In
the mesenchyme close to the renal
pelvis, some small renal tubules
lined by cuboidal epithelium could
be observed. Transitional epithelium
could be detected in some areas of
the lining epithelium of the renal
pelvis. It consists of; basal layer of
high cuboidal cells with rounded ap-
ically located nuclei, middle layer
consists of several layers of polyhe-
dral cells, the most outer one con-
sists of pear-shaped cells, and a
superficial layer of large cuboidal
cells with dome-shaped apical sur-
face (Fig. 21). The collecting tubules
showed large masses of PAS-
positive granules in their cytoplasm.
Moderate PAS reaction and alkaline
phosphatase activity could be ob-
served within the luminal border of
all proximal convoluted tubules as
well as the juxtamedullary meta-
nephric corpuscles.

At E 23 and E 24, the demarcation
between the cortex and the medulla
is well distinct (Fig. 22). The layer of
the metanephrogenic tissue could
not be observed. The medullary
rays could be detected extending in
the cortex towards the renal capsule
forming the radiated part of the cor-
tex, which alternates with the convo-
luted part of the cortex (Fig. 23).
The interlobar blood vessels and the
renal columns are indistinct conse-
quently; the renal pyramids could
not be detected. Within the medulla,
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the arteria recti could be observed
extending between the collecting
tubules towards the renal pelvis
(Fig. 24). The relative position of the
main structures in the hilus is that
the renal artery is located cranio-
dorsally and the ureter is caudoven-
trally while the renal vein is in-
between (Figs. 25&26).

At E 26 and E 28, the metanephros
reaches the adult structure. The ra-
diated and convoluted parts of the
cortex become well distinct (Fig.
27). The interlobar blood vessels
could be clearly observed while the
renal columns are still indistinct. The
stems of the collecting tubules are
directed towards the renal pelvis to
open into the papillary ducts, which
open on a common renal papilla
that is projected within the large re-
nal pelvis (Fig. 28). The stems of
the collecting tubules and the papil-
lary ducts are lined by tall columnar
epithelium with centrally located nu-
cleus (Fig. 29). The epithelium of
the common renal papilla and the
renal pelvis is transitional in type
(Fig. 30).

At E 24 and E 26, strongly positive
alkaline phosphatase activity and
much PAS-positive material were
confined to the metanephric corpus-
cles and the luminal border of the
proximal convoluted tubules (Figs.
31&32). The collecting tubules
showed very large masses of intra-
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cytoplasmic PAS-positive granules
(Fig. 33).

At E 30, the right metanephros is
located opposite to the level of the
2" — 4™ lumbar vertebrae within the
renal impression of the liver, which
is very deep and formed by the
caudate process only. The left met-
anephros is situated opposite to the
level of the 3™ — 5" |lumbar verte-
brae (Fig. 34).

Discussion

The stages of development of the
metanephros in rabbit are similar to
those in other mammals but they
maintain a delayed sequence
where, according to the present
study, the primordium of the meta-
nephros is firstly observed at E 12
(about the end of the first half of
gestation) consisting of ureteric bud
surrounded by metanephrogenic
tissue. The ureteric bud originates
from the mesonephric duct before
its entrance in the urinary bladder
while, in human according to Sadler
(2000), the primitive metanephros
appears so early at the fifth week of
gestation as an outgrowth from the
mesonephric duct before its en-
trance in the cloaca. Due to late de-
velopment of the metanephros in
rabbit, the cloaca has been differen-
tiated into rectum, urinary bladder
and urogenital sinus therefore, at
this time; in rabbit the mesonephric
duct opens in the urinary bladder
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but not in the cloaca as in human.
At early stage of development (E
12), the metanephros is spherical in
shape and at E 13, it is elongated
therefore, it has cranial and caudal
ends. At E 14, the metanephros ac-
quires its adult bean shape where,
at this age it is compressed be-
tween the lumbar somites and the
mesonephros so it has dorsal and
ventral surfaces. In addition, due to
the differential growth of its borders,
the medial border becomes slightly
concave and the lateral border be-
comes convex.

Nickel et al. (1973) stated that, dur-
ing development of the metaneph-
ros, the type of the kidney depends
upon the degree of fusion of the cor-
tex and medulla of the adjacent
lobes. If the fusion of the cortex is
incomplete, the kidney becomes
fissured as in ox but if the fusion is
complete, the kidney becomes
smooth as in horse, dog and small
ruminants. On the other hand, if the
papillae of the adjacent lobes are
partially fused, the kidney is multi-
papillary as in ox and pig but in that
of the horse, dog and small rumi-
nants, the papillae are completely
fused therefore; the kidney is uni-
papillary. In this respect, the results
of the current work reveal that the
kidney of the rabbit is smooth uni-
papillary as horse, dog and small
ruminants where at E 15, the
nephrogenic tissue of the adjacent
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primitive lobes of the kidney is sepa-
rated by interlobar mesenchyme but
at E 16, this nephrogenic tissue
completely fuses forming an outer
smooth surface. On the other hand,
at E 26, the papillae are completely
fused forming a common renal pa-
pilla i.e. unipapillary kidney. These
results are in accordance with Ab-
bas and Rabie (2012) in rabbit fe-
tuses.

The kidney undergoes a remarkable
change in position during its devel-
opment. It migrates from the pelvic
to the lumbar region (Gruenwald,
1943; McGeady et al.,, 2006) and
this is considered an exception to
the general rule in developmental
topography, since it migrates up-
word along the vertebral column,
instead of downword like the other
viscera (Jackson, 1909; Arey,
1965). Many authors have studied
the migration of the kidney; Leeson
and Baxter (1957) in rabbit, Canfield
(1980) in bovine and Imam (2005) in
camel. There is a great controversy
about the mechanism of displace-
ment of the kidney. Some authors
assume that it is an active growth as
the anlage elongates, extending
forward along the line of least re-
sistance in the loose mesenchyme
of the space bounded by the aorta
dorsally, the rectum ventrally, and
the umbilical arteries laterally (Jack-
son, 1909), others believe that this
displacement is probably due to a

Vol. 10, No. 2, (2017) 109 - 130



Development of the rabbit metanephros

diminution of the body curvature
(Gruenwald, 1943), while others
stated that in addition to being an
active cranial migration it is also due
to differential growth of the skeletal
and muscular structures in the lum-
bo-sacral region (Patten, 1953; Ar-
ey, 1965; McGeady et al., 2006).

Concerning migration, according to
the current study, the metanephros
of rabbit embryos is located in the
pelvic cavity at E12 but at E 14, it is
located dorsal to the caudal end of
the mesonephros i.e. in the caudal
part of the lumbar region then at E
15 it extends a bit cranially to be
situated just caudal to the middle of
the mesonephros while, Leeson and
Baxter (1957) in the same animal
stated that at E 15 the metanephros
is present in the pelvis. In our study,
we found that the metanephros of
rabbit reaches the middle of the
mesonephros at E 16 and at E18,
the cranial two thirds of the meta-
nephros become cranial to the level
of the mesonephros then at E 20 it
migrates more cranially to set crani-
al to the degenerated mesonephros
and at E 30, it reaches its perma-
nent position at the middle part of
the sublumbar region. The rate of
migration is not the same for both
kidneys where, from E 12 to E 14,
both kidneys have the same rate of
migration as at E 14, they lie oppo-
site to each other then after, the rate
of migration of the right kidney is
more rapid than the left one. Con-
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sequently, at E 30 the right kidney is
located more cranial, opposite to 2"
— 4" lJumbar vertebrae while, the left
is situated opposite to 3@ — 5" lum-
bar vertebrae. These results support
the statements of El-Hagri (1967)
and Nickel et al. (1973) who stated
that, the right kidney of all domestic
animals except the pig is somewhat
more cranial than the left kidney.

In rabbit embryos, as the right kid-
ney is cranial to the level of the left
one, it is located in the renal im-
pression of the liver. This impres-
sion is very deep and is formed only
by the caudate process of the liver;
the right lobe of the liver does not
share in its formation. This result is
in agreement with Gaber (2013) in
rabbit. On the other hand, in the
dog, ruminants and horse, the renal
impression is formed by the caudate
process and the right lobe of the
liver (Nickel et al., 1973).

The position of the hilus of the rabbit
kidney differs in the different stages
of development and it depends up-
on the degree of rotation of the kid-
ney along its longitudinal axis. At E
12, the ureter is connected to the
ventral aspect of the primitive meta-
nephros. At E 14, the hilus is locat-
ed medially as the kidney rotates
medially for about 90 degrees along
its long axis. At E 18, the hilus is
situated somewhat dorsomedially
and at E 20, it is placed dorsomedi-
ally as a result of its rotation dorsally
for about 45 degrees. In the same
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respect, according to Patten (1953)
and Arey (1965) the kidneys of hu-
man, during their migration, undergo
a rotation of 90 degrees, so that the
original dorsal border becomes the
convex lateral border and the hilus
faces medially rather than ventrad.
Nickel et al. (1973) stated that, the
hilus in horse is located ventrally,
that of small ruminants and dog
medially but in the left kidney of ox,
it is located dorsally. In camel, the
hilus is directed ventrally (Imam,
2005).

In rabbit, the renal artery, vein and
ureter enter the hilus where, their
arrangement to each other differ in
different stages of development but
this arrangement reaches its adult
form at E 23 as, the renal artery is
located craniodorsally and the ure-
ter is caudoventrally while the renal
vein is inbetween. This arrangement
is similar to that present in horse
and large ruminants but in small
ruminants and dog, the ureter is lo-
cated in the middle while in pig, the
ureter is the most dorsal (El-Hagri,
1967).

According to the present article, the
renal pelvis of rabbit is relatively
large as the kidney is unipapillary
but its lining epithelium differs ac-
cording to the stage of development
from simple columnar to transitional
epithelium.

The present results reveal that at E
15 i.e. the half of gestation period,
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the terminal branches of the collect-
ing tubules break down the meta-
nephrogenic tissue into small
nephrogenic spherules and some of
these spherules develop into renal
vesicles while in human, the first
vesicle is formed at the end of the
seventh week (Mishra et al., 2006)
and in bovine, nephron induction
starts as early as 4-6 weeks gesta-
tion (Canfield, 1980). At E 16, some
of the renal vesicles become elon-
gated into renal tubules and few of
the ends of these tubules, which are
close to the terminal branches of the
collecting tubules, are continuous
with them. The other ends become
ampullated and invaginated by
mesenchymal mass to form a cres-
cent-shaped glomerular capsule.
Differentiation of the proximal and
distal convoluted tubules takes
place at E 18 but in human, the
proximal and distal convoluted tu-
bules are clearly first time demar-
cated at 17 weeks of fertilization
(Tank et al., 2012).

This study is in agreement with Aoki
(1966) in human who stated that,
the early migration of erythrocytes
into the vesicular invagination oc-
curs before the glomerular capillar-
ies are completely developed. Simi-
larly, in rabbit we found that, the
glomerular capillaries differentiate at
E 18 while red blood cells could be
observed within the mesenchymal
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mass invaginating the glomerular
capsule at E 16 and within the loose
mesenchyme  surrounding  the
branches of the ureteric bud and the
interlobar mesenchyme earlier at E
14 and E 15.

At E 23 and E 24, the medullary
rays could be detected extending in
the cortex towards the renal capsule
forming the radiated part of the cor-
tex. Within the medulla, the arteria
recti could be observed extending
between the collecting tubules to-
wards the renal pelvis. At E 26 and
E 28, the interlobar blood vessels
could be clearly observed while the
renal columns are indistinct conse-
quently; the renal pyramids could
not be detected.

According to our observations, posi-
tive alkaline phosphatase activity
and PAS-positive material were
confined to the metanephric corpus-
cles and the luminal border of the
proximal convoluted tubules and the
intensity of these reactions in-
creased with increase in fetal age.
This similarity in the distribution of
alkaline phosphatase and PAS-
positive material was mentioned be-
fore by Moog and Wenger (1952)
and Leeson and Baxter (1957) in
rabbit. In addition, we found that the
collecting tubules showed large
masses of intracytoplasmic PAS-
positive granules throughout all the
developmental stages. Localization
of alkaline phosphatase in the Iu-
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minal border of the proximal convo-
luted tubules was also observed by
Chida (1993) in rat kidney. Alkaline
phosphatase is involved in the re-
absorption of glucose in the tubules
of the kidney (Lundsgaard, 1935)
and the distinctive distribution of the
alkaline phosphatase in the luminal
border of the proximal convoluted
tubules is indicative of functional
ability (Bradfield, 1950) that the dis-
tinctive distribution of the alkaline
phosphatase in the luminal border
of the proximal convoluted tubules
is indicative of functional ability. Da-
vies (1953) mentioned that, pres-
ence of PAS positive granules in the
tubule cells of the metanephros may
be indicative of protein which had
crossed the glomerular membrane
and had been reabsorbed by proxi-
mal tubule cells. | suggest that re-
absorption of protein takes place in
the collecting tubules in addition to
the proximal convoluted tubules.
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Fig (1): Sagittal section in a rabbit embryo at E 12 showing the primordium of the meta-
nephros. Ureteric bud (*), metanephrogenic tissue (Mt), mesonephric duct (Md), meso-
nephros (Mes), aorta (Ao) and umbilical artery (Ua). (H&E, X 100).

Fig (2): Sagittal section in a rabbit embryo at E 13 showing the branches of the ureteric
bud (*) surrounded by the metanephrogenic tissue (Mt). Mesonephric duct (Md), meso-
nephros (Mes) and aorta (Ao). (H&E, X 100).

Fig (3): Sagittal section in a rabbit embryo at E 14 showing the metanephros (M) is lo-
cated dorsal to the caudal end of the mesonephros (Mes). Lumbar somites (Ls) and liver
(L). (H&E, X 40).

Fig (4): Frontal section in a rabbit embryo at E 14 showing the metanephri (M) are bean
shaped and located opposite to each other. Ureter (arrowhead), aorta (Ao) and celomic
cavity (arrow). (H&E, X 100).
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Fig (5): Sagittal section in a rabbit embryo at E 14 showing the structure of the meta-
nephros. Branches of the ureteric bud (*), metanephrogenic tissue (Mt), red blood cells
(arrowheads), prospective renal capsule (arrow) and mesonephros (Mes). (H&E, X 200).

Fig (6): Sagittal section in a rabbit embryo at E 14 showing positive PAS reaction in the
branches of the ureteric bud. Notice, the metanephrogenic tissue has negative PAS re-
action. Branches of the ureteric bud (*) and metanephrogenic tissue (Mt). (PAS-
Haematoxylin, X 400).

Fig (7): Sagittal section in a rabbit embryo at E 15 showing the metanephros (M) is lo-
cated dorsal to the mesonephros (Mes), just caudal to its middle. Gonad (G), liver (L)
and lung (Lu). (H&E, X 40).

Fig (8): Frontal section in a rabbit embryo at E 15 showing the right metanephros (Rm)
is located somewhat cranial to the left metanephros (Lm). Mesonephros (Mes), meso-
nephric duct (Md) and aorta (Ao). (H&E, X 40).
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Fig (9): Sagittal section in a rabbit embryo at E 15 showing the structure of the meta-
nephros. Primitive renal lobes (selected areas), interlobar mesenchyme (*), nephrogenic
spherules (S), renal vesicles (V) and medulla (Me). (H&E, X 200).

Fig (10): Sagittal section in a rabbit embryo at E 16 showing the smooth surface of the
metanephros and the different shapes of the renal tubules. Notice, the connection be-
tween the S-shape renal tubule (Srt) and the collecting tubule (Ct). Comma-shape renal
tubule (Crt) and medulla (Me). (H&E, X 200).

Fig (11): Sagittal section in a rabbit embryo at E 16 showing the ampullated end of the
renal tubule invaginated by mesenchymal mass (*) forming glomerular capsule. Parietal
layer of glomerular capsule (P), glomerular cavity (arrow), visceral layer of the glomeru-
lar capsule (Vi), red blood cells (Rbc), renal tubule (Rt) and collecting tubule (Ct). (H&E,
X 400).

Fig (12): Sagittal section in a rabbit embryo at E 18 showing the right metanephros
(Rm) is related ventrally to the liver (L). Mesonephros (Mes). (H&E, X 40).
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Fig (13): Sagittal section in a rabbit embryo at E 18 showing the left metanephros (Lm)
is related ventrally to the stomach (St). Mesonephros (Mes) and liver (L). (H&E, X 40).

Fig (14): Transverse section in a rabbit embryo at E 18 showing the hilus of the meta-
nephros (*) is somewhat dorsomedially located. Metanephros (M), mesonephros (Mes),
liver (L), adrenal gland (Ad) and aorta (Ao). (H&E, X 40).

Fig (15): Sagittal section in a rabbit embryo at E 18 showing the structure of the meta-
nephric cortex. Renal capsule (arrow), metanephrogenic tissue (Mt), collecting tubule
(Ct), renal tubule (Rt), proximal convoluted tubules (Pct), distal convoluted tubules (Dct)
and metanephric corpuscle (Mc). (H&E, X 200).

Fig (16): Sagittal section in a rabbit embryo at E 18 showing the structure of the deep
part of the metanephric cortex. Proximal convoluted tubules (Pct), distal convoluted tu-
bules (Dct), podocytes (arrows), endothelium of the glomerular capillaries (arrow head),
renal tubule (Rt) and collecting tubule (Ct). (H&E, X 400).

J. Vet. Anat. 125 Vol. 10, No. 2, (2017) 109 - 130



Development of the rabbit metanephros W. Gaber

Fig (17): Sagittal section in a rabbit embryo at E 18 showing the lining epithelium of the
renal pelvis (Rp). Simple columnar epithelium (Sc) and stratified epithelium (Str). (H&E,
X 400).

Fig (18): Sagittal section in a rabbit embryo at E 18 showing masses of PAS-positive
granules in the cytoplasm of the collecting tubules (Ct) and a slight PAS-positive materi-
al in the luminal border of some proximal convoluted tubules (Pct). Metanephric corpus-
cles (Mc), distal convoluted tubules (Dct) and renal tubules (Rt). (PAS-Haematoxylin, X
400).

Fig (19): Sagittal section in a rabbit embryo at E 18 showing Slight alkaline phosphatase
activity in the luminal border of the proximal convoluted tubules (Pct), the visceral epi-
thelium of the glomerular capsule (arrow heads) and the endothelium of the glomeruli
(arrow). (Gomori calcium method, X 400).

Fig (20): Transverse section in a rabbit embryo at E 20 showing the renal pelvis (Rp)
gives off papillary ducts (Pd). Stems of the collecting tubules (arrows), collecting tubules
(Ct), cortex (Cx) and medulla (Me). (H&E, X 100).
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Fig (21): Transverse section in a rabbit embryo at E 20 showing transitional epithelium
(Te) in some areas of the lining epithelium of the renal pelvis (Rp). Simple columnar epi-
thelium (Sc). (H&E, X 400).

Fig (22): Transverse section in a rabbit embryo at E 24 showing increase the demarca-
tion between the cortex (Cx) and the medulla (Me). Renal pelvis (Rp) and hilus (*).
(H&E, X 40).

Fig (23): Transverse section in a rabbit embryo at E 24 showing the medullary rays (*)
extending in the cortex. Convoluted part of the cortex (Ccx). (H&E, X 100).

Fig (24): Transverse section in a rabbit embryo at E 24 showing the arteria recti (arrow
heads) between the collecting tubules (Ct). Loop of Henle (arrows). (H&E, X 100).
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Figs (25 & 26): Frontal sections in a rabbit embryo at E 23 showing the relative position
of the main structures in the hilus. Renal artery (Ra), renal vein (Rv), ureter (Ur), cortex
(Cx) and medulla (Me). (25) is a more dorsal level than (26). (H&E, X 40).

Fig (27): Transverse section in a rabbit embryo at E 26 showing the radiated and convo-
luted parts of the cortex. Radiated part (*), convoluted part (Ccx), metanephric corpus-
cles (arrow heads) and convoluted tubules (arrow). (H&E, X 100).

Fig (28): Transverse section in a rabbit embryo at E 26 showing the meta-nephros is
unipapillary. Ureter (Ur), renal pelvis (Rp), common renal papilla (*), papillary ducts (Pd),
stems of the collecting tubules (arrows) and collecting tubules (Ct). (H&E, X 40).

J. Vet. Anat. 128 Vol. 10, No. 2, (2017) 109 - 130



Development of the rabbit metanephros W. Gaber

Fig (29): Transverse section in a rabbit embryo at E 26 showing the stems of the col-
lecting tubules (*) are lined by tall columnar epithelium with centrally located nucleus.
(H&E, X 200).

Fig (30): Transverse section in a rabbit embryo at E 26 showing the common renal pa-
pilla (Crp) is covered by transitional epithelium (Te). Renal pelvis (Rp). (H&E, X 400).

Fig (31): Transverse section in a rabbit embryo at E 24 showing strongly positive alka-
line phosphatase activity within the metanephric corpuscles (Mc) and the luminal border
of the proximal convoluted tubules (Pct). (Gomori calcium method, X 400).

Fig (32): Transverse section in a rabbit embryo at E 24 showing strong PAS-positive
material within the metanephric corpuscles (Mc) and the luminal border of the proximal
convoluted tubules (Pct). Notice, the distal convoluted tubules (Dct) are PAS-negative.
(PAS-Haematoxylin, X 400).
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Fig (33): Transverse section in a rabbit embryo at E 26 showing very large masses of
PAS-positive granules in the cytoplasm of the collecting tubules (Ct). Notice, the loop of
Henle (arrows) is PAS-negative. (PAS-Haematoxylin, X 200).

Fig (34): Photograph of a rabbit embryo at E 30 showing the position of the metaneph-
ros. Right metanephros (Rm), left metanephros (Lm), right lobe of the liver (RIl), caudate
process (Cp), intestine (l), stomach (St), first lumbar vertebra (L+), third lumbar vertebra
(Ls) and fifth lumbar vertebra (Ls).
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