
J. Vet. Anat.                                                                               Vol. 9, No. 2, (2016) 25 - 3725

Development of the nasal cavity of the one-humped camel                  Farouk and Hassan                                                                                     

                          - 

 . 

Embryonic Differentiation of The Nasal Cavity of 
One-humped Camel (Camelus dromedarius) 

Sameh M. Farouk a, Said A. Hassanb 
a Department of Cytology and Histology, Faculty of Veterinary Medicine, Suez Canal 
University, Ismailia 41522, Egypt. 
b Department of Anatomy and Embryology, Faculty of Veterinary Medicine, Suez Canal 
University, Ismailia 41522, Egypt. 
______________________________________________________________________ 
With 4 figures                received August, accepted for publication September 2016 
 
Abstract 
The current study was carried out 
on thirty one camel embryos and 
fetuses with crown vertebral rump 
lengths (CVRL) ranging between 
(15-100) mm in order to follow-up 
the prenatal developmental stages 
of the nasal cavity. The microscopic 
examination of the obtained speci-
mens revealed that the camel nasal 
cavity began as deep invaginations 
(nasal pits) which appeared in the 
rostral portion of the embryonic 
head. These invaginated pits be-
came deeper and enlarged forming 
the primitive nasal cavities, which 
were separated from the primitive 
oral cavity by the oronasal mem-
brane. This membrane then broken 
down and allowed both cavities to 
communicate with each other by the 
primitive choanae. Two shelf-like 
outgrowths grew ventrally from the 
maxillary prominences to eventually 
form the secondary palate. These 
shelves were initially directed 
obliquely and ventrally inside the 

stomodeum in a vertical direction on 
each side of the developing tongue.  
Rostral to the developing nasal sep-
tum, a ventral  
evagination of the lining ectoderm 
was noticed on both sides of the 
nasal septum forming the epithelial 
lining of the vomoronasal organ 
meanwhile the surrounding mesen-
chyme developed to be a curved 
plate of its hyaline cartilage. Two 
projections were noticed on the lat-
eral wall of each nasal cavity to form 
the dorsal and ventral conchae. The 
ectodermal lining of the dorsal and 
lateral aspects of the nasal cavities 
differentiated into thick olfactory epi-
thelium while that of the ventral and 
medial aspects became thin respira-
tory epithelial coat. Based on the 
above-mentioned findings, it is no-
ticed that the development of the 
nasal cavity in one-humped camel 
was histologically in succession. 
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Animal species in this Issue 

American mink (Neovison vison) 

 

Kingdom: Animalia & Phylum: Chordata & Class: Mammalia & Order: Carnivora & Family: 
Mustelidae & Subfamily: Mustelinae, Genus: Neovison  & Species: N. vison 

 

The American mink (Neovison vison) is a semiaquatic species of mustelid native 
to North America, though human intervention has expanded its range to many 
parts of Europe and South America. The American mink is a carnivore, which 
feeds on rodents, fish, crustaceans, frogs, and birds. It is the most frequently 
farmed animal for its fur, exceeding the silver fox, sable, marten, and skunk in 
economic importance. 
The American mink differs from members of the genus Mustela (stoats and wea-
sels) by its larger size and stouter form, which closely approach those of martens. 
It shares with martens a uniformly enlarged, bushy and somewhat tapering tail, 
rather than a slenderly terete tail with an enlarged bushy tip, as is the case in 
stoats. 
The American mink relies heavily on sight when foraging. Its eyesight is clearer 
on land than underwater. Its auditory perception is high enough to detect the ul-
trasonic vocalisations (1–16 kHz) of rodent prey. Its sense of smell is compara-
tively weak. Its two anal glands are used for scent marking, either through defeca-
tion or by rubbing the anal region on the ground. 
 
 
Source: Wikipedia, the free encyclopaedia 
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Introduction 
Camel is considered as a very im-
portant animal, it lives in several 
countries; Middle East and North 
Africa as well as many other coun-
tries all over the world, but it re-
ceived little attention when com-
pared with other domestic animal 
species. It has the ability to tolerate 
the harsh climate of the desert as it 
is subjected to the high temperature 
and the burning sun rays (Bigham et 
al., 2007). Camels become an inter-
esting field of research to the com-
plete understanding of their devel-
opment, anatomy and physiology 
(Fowler, 1997). The rapid rise in the 
last decade of camel domestication 
due to their meat and milk (Ko-
nuspayeva et al., 2009), needs 
more knowledge for its effective 
management.  
The embryonic developmental stag-
es of the nasal cavity are based on 
the classical work of His (1901). 
This initial work has been supple-
mented and extended by the studies 
of (Hochstetter, 1944; Hochstetter, 
1950; Peter, 1913; Peter, 1950; 
Boyd, 1933; Streeter, 1948; Politzer, 
1953) and others.  
From the available literature, there 
is no similar report has been found 
concerning the histo- and morpho-
genesis of the camel nasal cavity. 
Therefore, the present work was 
undertaken with the aim of assess-
ment the integrated histological 
changes associating with the high-
lights on morphogenesis of the na-

sal cavity throughout the early pre-
natal life of the one-humped camel. 
Our investigation aimed to docu-
ment the major landmarks and the 
time course in the prenatal devel-
opment of the nasal cavity in drom-
edary camel and its accommodation 
with the surrounding hard environ-
ment of the desert, and to compare 
our results with those reported in 
other domestic animal species as 
well as humans. The present work 
may provide a model for studying 
the developmental morphology of 
nasal cavity as a potential target 
organ in camel, in an attempt to un-
derstand its accommodation with 
the environment of the desert.  
 
Material and methods  
Specimens collection: 
The present study was carried out 
on apparently healthy she-camels, 
which are subjected to veterinary 
inspection according to the Egyptian 
laws, and using standard animal 
ethics approved by the Egyptian 
government. Thirty-one embryos 
and fetuses of the one-humped 
camel were used. The crown verte-
bral rump length (CVRL) ranged 
from 15 mm to 100 mm. Seven em-
bryos for the stage 15-35 mm, elev-
en fetuses for the stage 40-65 mm, 
and thirteen fetuses for the stage 
70-100 mm were used. All embryos 
and fetuses were collected from El-
Basateen (Cairo) and Belbes (El-
Sharqya) abattoirs directly after 
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 . 

slaughtering of the pregnant ani-
mals.  
 
Tissue processing: 
The whole embryonic and fetal 
heads were immersed directly in 
10% neutral buffered formalin for a 
minimum of one month at room 
temperature. Following complete 
fixation of the specimens, the forma-
lin-fixed specimens were then pre-
served in 70% ethyl alcohol. The 
preserved samples were dehydrat-
ed using a graded series of ethanol 
(75%, 80%, 90%, 95% and three 
changes of absolute alcohol), sub-
jected to three changes of xylene, 
and then routinely embedded in 
paraffin wax. The paraffin-
embedded specimens were serially 
sectioned at 5 – 7 µm thickness and 
the sections mounted on glass mi-
croscope slides. The paraffin sec-
tions were subjected to Harris hae-
matoxylin and Eosin (H&E) for his-
tomorphological examination ac-
cording to Bancroft and Gamble 
(2008). 
 
Photomicrography: 
Photomicrographic images were 
taken using Olympus BX41 re-
search optical photomicroscope fit-
ted with an Olympus DP25 digital 
camera. The magnification scale bar 
was reported on the obtained pho-
tomicrographs.  
 
Results   
15 - 35 mm CVRL stage (Fig.1) 

At this embryonic stage, the nasal 
pit was observed as a deep invagi-
nation comprised stratified epithelial 
cells appeared in the rostral end of 
the embryonic head. This pit be-
came deeper due to its downward 
growth into the underlying mesen-
chyme as well as the growth of the 
surrounding nasal swellings (Fig 
1A,C). Two shelf-like outgrowths 
from the maxillary prominences 
grew ventrally to eventually form the 
secondary palate. These shelves 
were initially directed obliquely and 
ventrally inside the stomodeum in a 
vertical direction on each side of the 
developing tongue (Fig 1D). Rostral 
to the developing nasal septum, a 
ventral evagination of the lining ec-
toderm was noticed on both sides of 
the ventral end of the nasal septum 
(Fig 1E). A projection on the lateral 
wall of each nasal cavity appeared 
which represent the developing ven-
tral concha (Fig 1F). 
 
40 - 65 mm CVRL stage (Fig 2) 
The lateral palatine processes dur-
ing this stage were elevated to be-
come horizontally oriented and grew 
towards each other to fuse at the 
midline, thus forming the secondary 
palate. These two fused shelves 
also were fused dorsally with the 
nasal septum (Fig 2A). The devel-
oping tongue moved ventrally as its 
development proceeded, and the 
lateral palatine processes ascend to 
locate horizontally dorsal to the 
tongue (Fig 2A). The two palatine 
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Introduction 
Camel is considered as a very im-
portant animal, it lives in several 
countries; Middle East and North 
Africa as well as many other coun-
tries all over the world, but it re-
ceived little attention when com-
pared with other domestic animal 
species. It has the ability to tolerate 
the harsh climate of the desert as it 
is subjected to the high temperature 
and the burning sun rays (Bigham et 
al., 2007). Camels become an inter-
esting field of research to the com-
plete understanding of their devel-
opment, anatomy and physiology 
(Fowler, 1997). The rapid rise in the 
last decade of camel domestication 
due to their meat and milk (Ko-
nuspayeva et al., 2009), needs 
more knowledge for its effective 
management.  
The embryonic developmental stag-
es of the nasal cavity are based on 
the classical work of His (1901). 
This initial work has been supple-
mented and extended by the studies 
of (Hochstetter, 1944; Hochstetter, 
1950; Peter, 1913; Peter, 1950; 
Boyd, 1933; Streeter, 1948; Politzer, 
1953) and others.  
From the available literature, there 
is no similar report has been found 
concerning the histo- and morpho-
genesis of the camel nasal cavity. 
Therefore, the present work was 
undertaken with the aim of assess-
ment the integrated histological 
changes associating with the high-
lights on morphogenesis of the na-

sal cavity throughout the early pre-
natal life of the one-humped camel. 
Our investigation aimed to docu-
ment the major landmarks and the 
time course in the prenatal devel-
opment of the nasal cavity in drom-
edary camel and its accommodation 
with the surrounding hard environ-
ment of the desert, and to compare 
our results with those reported in 
other domestic animal species as 
well as humans. The present work 
may provide a model for studying 
the developmental morphology of 
nasal cavity as a potential target 
organ in camel, in an attempt to un-
derstand its accommodation with 
the environment of the desert.  
 
Material and methods  
Specimens collection: 
The present study was carried out 
on apparently healthy she-camels, 
which are subjected to veterinary 
inspection according to the Egyptian 
laws, and using standard animal 
ethics approved by the Egyptian 
government. Thirty-one embryos 
and fetuses of the one-humped 
camel were used. The crown verte-
bral rump length (CVRL) ranged 
from 15 mm to 100 mm. Seven em-
bryos for the stage 15-35 mm, elev-
en fetuses for the stage 40-65 mm, 
and thirteen fetuses for the stage 
70-100 mm were used. All embryos 
and fetuses were collected from El-
Basateen (Cairo) and Belbes (El-
Sharqya) abattoirs directly after 
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slaughtering of the pregnant ani-
mals.  
 
Tissue processing: 
The whole embryonic and fetal 
heads were immersed directly in 
10% neutral buffered formalin for a 
minimum of one month at room 
temperature. Following complete 
fixation of the specimens, the forma-
lin-fixed specimens were then pre-
served in 70% ethyl alcohol. The 
preserved samples were dehydrat-
ed using a graded series of ethanol 
(75%, 80%, 90%, 95% and three 
changes of absolute alcohol), sub-
jected to three changes of xylene, 
and then routinely embedded in 
paraffin wax. The paraffin-
embedded specimens were serially 
sectioned at 5 – 7 µm thickness and 
the sections mounted on glass mi-
croscope slides. The paraffin sec-
tions were subjected to Harris hae-
matoxylin and Eosin (H&E) for his-
tomorphological examination ac-
cording to Bancroft and Gamble 
(2008). 
 
Photomicrography: 
Photomicrographic images were 
taken using Olympus BX41 re-
search optical photomicroscope fit-
ted with an Olympus DP25 digital 
camera. The magnification scale bar 
was reported on the obtained pho-
tomicrographs.  
 
Results   
15 - 35 mm CVRL stage (Fig.1) 

At this embryonic stage, the nasal 
pit was observed as a deep invagi-
nation comprised stratified epithelial 
cells appeared in the rostral end of 
the embryonic head. This pit be-
came deeper due to its downward 
growth into the underlying mesen-
chyme as well as the growth of the 
surrounding nasal swellings (Fig 
1A,C). Two shelf-like outgrowths 
from the maxillary prominences 
grew ventrally to eventually form the 
secondary palate. These shelves 
were initially directed obliquely and 
ventrally inside the stomodeum in a 
vertical direction on each side of the 
developing tongue (Fig 1D). Rostral 
to the developing nasal septum, a 
ventral evagination of the lining ec-
toderm was noticed on both sides of 
the ventral end of the nasal septum 
(Fig 1E). A projection on the lateral 
wall of each nasal cavity appeared 
which represent the developing ven-
tral concha (Fig 1F). 
 
40 - 65 mm CVRL stage (Fig 2) 
The lateral palatine processes dur-
ing this stage were elevated to be-
come horizontally oriented and grew 
towards each other to fuse at the 
midline, thus forming the secondary 
palate. These two fused shelves 
also were fused dorsally with the 
nasal septum (Fig 2A). The devel-
oping tongue moved ventrally as its 
development proceeded, and the 
lateral palatine processes ascend to 
locate horizontally dorsal to the 
tongue (Fig 2A). The two palatine 
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shelves became in close contact 
with the distal edge of the nasal 
septum. The secondary palate also 
appeared to fuse rostrally with the 
primary palate (Fig 2B). The nasal 
septum appeared as a downward 
growth from the dorsal mesen-
chyme then continued to grow ven-
trally until it met the secondary pal-
ate (Fig 2C). The nasal pit enlarged 
to form the primitive nasal cavities 
(nasal sacs), which grew dorso-
caudally, ventral to the developing 
brain. Each sac was separated from 
the primitive oral cavity by the 
oronasal membrane (Fig 2B,C) 
which soon break down to allow the 
nasal and oral cavities to communi-
cate with each other via the primi-
tive choanae which were presented 
caudal to the primary palate. 
The epithelium of the vomoronasal 
organ was developed (Fig 2D), from 
which the epithelium of the lateral 
wall became thickened and formed 
the olfactory portion, meanwhile the 
epithelium of the medial wall re-
mained thin and formed the respira-
tory epithelium (Fig 2E,F). Another 
projection appeared in the lateral 
wall of the dorsal part of the devel-
oping nasal cavity, which tends to 
become the dorsal nasal concha. 
 
70 – 100 mm CVRL stage (Fig 3,4) 
The primitive nasal cavities (nasal 
sacs) developed into the definitive 
nasal cavities (Fig 3A-C) and 
formed the distinct, elongated basal 
plate then rolled forming the scrolled 

plates of the conchae. The concha 
is a lamina formed from a meso-
dermal core and ectodermal epithe-
lial lining (Fig 3B,C).  The interior 
mesenchyme of the nasal septum is 
differentiated into hyaline cartilage 
meanwhile the mesechyme that sur-
rounded the epithelium of the vomo-
ronasal organ developed to a 
curved plate of hyaline cartilage (Fig 
2C).  
The ectodermal epithelial lining in 
the dorsal and lateral aspects of the 
nasal cavities became specialized 
for olfaction (Fig 4A) while the epi-
thelium in the ventral and medial 
aspects became respiratory epithe-
lium, which tends to be psuedostrat-
ified columnar ciliated epithelium 
without goblet cells at this point in 
development (Fig 4B). Two types of 
cells were noticed among respirato-
ry epithelium; ciliated tall cells and 
basal ones.  Concerning the olfacto-
ry epithelium, it is made up of highly 
mitotic densely packed cells having 
different shapes and sizes with 
large spherical euchromatic nuclei 
and eosinophilic cytoplasm, the epi-
thelium was adjacent to a wide sub-
epithelial mesenchymal layer, which 
was predominantly cellular.  
 
Discussion 
Although many investigators have 
recorded the morphogenesis of dif-
ferent organs in dromedary camels 
(Bareedy et al., 1982; El- Hariri et 
al., 1988; Marai et al., 1990; Kon-
sowa, 2009; Farouk et al., 2012; 
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Osman et al., 2014 and Abdo et al., 
2014), prenatal developmental stud-
ies of the camel nasal cavity have 
not been reported previously in our 
available literatures.  
The nasal pit (groove) is formed by 
the maxillary process growing me-
dially across the open naso-buccal 
channel and fusing with the medial 
nasal process (His, 1901). Our in-
vestigation showed that, the nasal 
pit at 15 mm CVRL stage was pre-
sent in the form of a deep groove as 
a result of its downward growth into 
the underlying mesenchyme, as well 
as growth of the surrounding nasal 
swellings. On other hand, Della 
(1907) reported that the nasal 
grooves never open directly into the 
stomodeum and there is, therefore, 
no naso-buccal channel across 
which the maxillary process can 
grow in the way indicated by His 
(1901). 
The primitive nasal cavities (nasal 
sacs) grow dorsocaudally ventral to 
the developing brain, and each sac 
is separated from the primitive oral 
cavity by the oronasal membrane, 
which soon breaks down allowing 
the nasal and oral cavities to com-
municate with each other by the 
primitive choanae that are located 
caudal to the primary palate. His 
(1901) named the communicating 
oral and nasal cavities, the naso-
buccal channel.  
The primary palate is derived from 
the intermaxillary segment, which is 
formed by fusion of the medial nasal 

processes, which also forms the in-
cisive bone. Quinn et al. (2006) 
mentioned in domestic animals that 
the oronasal membrane becomes 
the primary palate after degenera-
tion of its caudal part, which forms 
the primitive choanae. The second-
ary palate (the main part of the de-
finitive palate) is formed by two 
shelf-like outgrowths from the maxil-
lary prominences. These out-
growths, the palatine shelves, are 
initially oriented obliquely and ven-
trally, deep inside the stomodeum in 
a vertical direction on each side of 
the tongue. Then, as the jaw devel-
ops, the tongue moves down and 
the palatine processes ascend or 
elevate to assume a horizontal ori-
entation, dorsal to the tongue. The 
now horizontally positioned palatine 
processes grow toward each other 
and fuse at the midline, forming the 
secondary palate. Our observations 
are the same as those recorded by 
Konsowa (2009) in camel, Quinn et 
al., (2006) in domestic animals in 
general and Thomas (2009) in hu-
man. The secondary palate fuses 
rostrally with the caudal edge of the 
primary palate, at the same time as 
the palatine shelves fuse dorsally 
with the nasal septum. These find-
ings are on a line with that of Quinn 
et al. (2006) in domestic animals 
and Thomas (2009) in human. This 
fusion of the primary and secondary 
palates shifts the choanae to be lo-
cated at the caudal end of the hard 
palate. 



J. Vet. Anat.                                                                               Vol. 9, No. 2, (2016) 25 - 3729

Development of the nasal cavity of the one-humped camel                  Farouk and Hassan                                                                                     

                          - 

 . 

shelves became in close contact 
with the distal edge of the nasal 
septum. The secondary palate also 
appeared to fuse rostrally with the 
primary palate (Fig 2B). The nasal 
septum appeared as a downward 
growth from the dorsal mesen-
chyme then continued to grow ven-
trally until it met the secondary pal-
ate (Fig 2C). The nasal pit enlarged 
to form the primitive nasal cavities 
(nasal sacs), which grew dorso-
caudally, ventral to the developing 
brain. Each sac was separated from 
the primitive oral cavity by the 
oronasal membrane (Fig 2B,C) 
which soon break down to allow the 
nasal and oral cavities to communi-
cate with each other via the primi-
tive choanae which were presented 
caudal to the primary palate. 
The epithelium of the vomoronasal 
organ was developed (Fig 2D), from 
which the epithelium of the lateral 
wall became thickened and formed 
the olfactory portion, meanwhile the 
epithelium of the medial wall re-
mained thin and formed the respira-
tory epithelium (Fig 2E,F). Another 
projection appeared in the lateral 
wall of the dorsal part of the devel-
oping nasal cavity, which tends to 
become the dorsal nasal concha. 
 
70 – 100 mm CVRL stage (Fig 3,4) 
The primitive nasal cavities (nasal 
sacs) developed into the definitive 
nasal cavities (Fig 3A-C) and 
formed the distinct, elongated basal 
plate then rolled forming the scrolled 

plates of the conchae. The concha 
is a lamina formed from a meso-
dermal core and ectodermal epithe-
lial lining (Fig 3B,C).  The interior 
mesenchyme of the nasal septum is 
differentiated into hyaline cartilage 
meanwhile the mesechyme that sur-
rounded the epithelium of the vomo-
ronasal organ developed to a 
curved plate of hyaline cartilage (Fig 
2C).  
The ectodermal epithelial lining in 
the dorsal and lateral aspects of the 
nasal cavities became specialized 
for olfaction (Fig 4A) while the epi-
thelium in the ventral and medial 
aspects became respiratory epithe-
lium, which tends to be psuedostrat-
ified columnar ciliated epithelium 
without goblet cells at this point in 
development (Fig 4B). Two types of 
cells were noticed among respirato-
ry epithelium; ciliated tall cells and 
basal ones.  Concerning the olfacto-
ry epithelium, it is made up of highly 
mitotic densely packed cells having 
different shapes and sizes with 
large spherical euchromatic nuclei 
and eosinophilic cytoplasm, the epi-
thelium was adjacent to a wide sub-
epithelial mesenchymal layer, which 
was predominantly cellular.  
 
Discussion 
Although many investigators have 
recorded the morphogenesis of dif-
ferent organs in dromedary camels 
(Bareedy et al., 1982; El- Hariri et 
al., 1988; Marai et al., 1990; Kon-
sowa, 2009; Farouk et al., 2012; 
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Osman et al., 2014 and Abdo et al., 
2014), prenatal developmental stud-
ies of the camel nasal cavity have 
not been reported previously in our 
available literatures.  
The nasal pit (groove) is formed by 
the maxillary process growing me-
dially across the open naso-buccal 
channel and fusing with the medial 
nasal process (His, 1901). Our in-
vestigation showed that, the nasal 
pit at 15 mm CVRL stage was pre-
sent in the form of a deep groove as 
a result of its downward growth into 
the underlying mesenchyme, as well 
as growth of the surrounding nasal 
swellings. On other hand, Della 
(1907) reported that the nasal 
grooves never open directly into the 
stomodeum and there is, therefore, 
no naso-buccal channel across 
which the maxillary process can 
grow in the way indicated by His 
(1901). 
The primitive nasal cavities (nasal 
sacs) grow dorsocaudally ventral to 
the developing brain, and each sac 
is separated from the primitive oral 
cavity by the oronasal membrane, 
which soon breaks down allowing 
the nasal and oral cavities to com-
municate with each other by the 
primitive choanae that are located 
caudal to the primary palate. His 
(1901) named the communicating 
oral and nasal cavities, the naso-
buccal channel.  
The primary palate is derived from 
the intermaxillary segment, which is 
formed by fusion of the medial nasal 

processes, which also forms the in-
cisive bone. Quinn et al. (2006) 
mentioned in domestic animals that 
the oronasal membrane becomes 
the primary palate after degenera-
tion of its caudal part, which forms 
the primitive choanae. The second-
ary palate (the main part of the de-
finitive palate) is formed by two 
shelf-like outgrowths from the maxil-
lary prominences. These out-
growths, the palatine shelves, are 
initially oriented obliquely and ven-
trally, deep inside the stomodeum in 
a vertical direction on each side of 
the tongue. Then, as the jaw devel-
ops, the tongue moves down and 
the palatine processes ascend or 
elevate to assume a horizontal ori-
entation, dorsal to the tongue. The 
now horizontally positioned palatine 
processes grow toward each other 
and fuse at the midline, forming the 
secondary palate. Our observations 
are the same as those recorded by 
Konsowa (2009) in camel, Quinn et 
al., (2006) in domestic animals in 
general and Thomas (2009) in hu-
man. The secondary palate fuses 
rostrally with the caudal edge of the 
primary palate, at the same time as 
the palatine shelves fuse dorsally 
with the nasal septum. These find-
ings are on a line with that of Quinn 
et al. (2006) in domestic animals 
and Thomas (2009) in human. This 
fusion of the primary and secondary 
palates shifts the choanae to be lo-
cated at the caudal end of the hard 
palate. 
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The medial edges of the palatine 
shelf were covered with ectodermal 
cells in the   3.5 - 4.0 cm CVRL 
camel fetuses. The two edges met 
and fused. There are several theo-
ries on the mechanisms of degen-
eration of the epithelial lining locat-
ed on the adjacent shelf edges that 
allow fusion to take place on the 
midline. The first suggests that, cell 
loss occurred as a result of pro-
grammed cell death (Shapiro and 
Sweney, 1969). The second theory 
states that the epithelial cells may 
migrate into the body of the mesen-
chyme and become transformed 
into mesenchymal cells; epitheli-
omesenchymal interaction (Gar-
tener et al., 1978) and (Fitchett and 
Hay, 1989). This would result in a 
single secondary plate covered by 
epithelium dorsally and ventrally 
and with a core of mesenchyme. 
The nasal septum appeared as a 
downward growth from the merged 
medial nasal prominences then con-
tinued to grow ventrally until it met 
the secondary palate. Similar find-
ings were reported by (Thomas, 
2009) in human development, while 
(Quinn et al., 2006) stated that in 
domestic animals, the nasal septum 
developed from the dorsal wall of 
the nasal cavity.   
On both sides of the ventral end of 
the nasal septum, the vomoronasal 
organ developed as a membranous 
tube surrounded by a curved plate 
of hyaline cartilage medially. The 
olfactory epithelium of the lateral 

wall of the tube was thick while the 
respiratory epithelium of the medial 
wall was thin. These observations 
were consistent with the observa-
tions reported by (Quinn et al., 
2006) in domestic animals. The epi-
thelium of the vomoronasal organ 
developed from ventral evagination 
of the ectodermal lining of the floor 
of the nasal cavity on each side of 
the developing nasal cavity. The 
mesenchyme surrounding the ecto-
dermal evagination differentiated 
into the curved cartilaginous plate. 
These results are comparable to 
those reported by Kostov (2007) in 
domestic animals.  
The concha consisted of a lamina 
formed from a mesodermal core 
and ectodermal lining like that noted 
by (Quinn et al., 2006) in domestic 
animals. The dorsal and ventral 
conchae developed as elevations 
on the lateral nasal wall of each na-
sal cavity then initially elongated to 
form the basal plate then rolled to 
form the scroll plate.  
The ectodermal epithelium in the 
dorsal and lateral sides of the nasal 
cavities became specialized to form 
for olfactory epithelium and it was 
noted that the cells in the olfactory 
epithelium had vesicular nuclei. In 
the ventral and medial aspects of 
the nasal cavity, the ectodermal epi-
thelium developed into respiratory 
epithelium, which was psuedostrati-
fied ciliated in type without goblet 
cells. These observations are con-
sistent with the results reported by 

                          - 

 . 

(Quinn et al., 2006) in domestic an-
imals and for human by (Thomas, 
2009). The air-conducting portions 
of the respiratory tract conditions 
the air as it passes through and 
which provides protection from dust 
and airborne infection and help in 
the adaptation of the dromedary 
camel with the adverse environmen-
tal conditions (Abdel-Salam et al., 
2014). 
In the present study, the olfactory 
epithelium appeared comparatively 
thicker than that of respiratory one. 
These findings are consistent with 
those reported by (Abdel-Salam et 
al., 2014) for nasal cavity of adult 
camels. 
 
Conclusion 
According to the available litera-
tures, this study was the first to pro-
vide a detailed description of the 
development of the nasal cavity of 
the camel. We documented that the 
nasal cavity of the camel develops 
in a manner that is consistent with 
the pattern of development seen in 
other domestic animal species as 
well as in humans, which represent 
an adaptive modification in relation-
ship to harsh environment. 
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Fig (1):  Photomicrographs of transverse sections of camel embryos A, B, 
D (15 mm CVRL), C (25 mm CVRL), E (30 mm CVRL), F (35 mm CVRL) show-
ing; ectoderm (ec), mesenchyme (ms), nasal pit (np), oronasal membrane (om), 
primitive nasal cavity (nc), primary plate (p1), tongue (t), secondary plate (p2), 
primitive choanae (pc), ruptured oronasal membrane (rm), oral cavity (oc), nasal 
septum (ns),  vomoronasal organ (vo), ventral nasal concha (vn), frontonasal 
prominence (pr), vomoronasal organ epithelium (ve), vomoronasal organ carti-
lage (vc). H&E stain. 

                          - 

 . 

 
 
Fig (2):  Photomicrographs of sagittal sections of camel fetuses A, B (40 
mm CVRL), C (50 mm CVRL), D,E (60 mm CVRL) and F(65 mm CVRL) show-
ing; nasal septum (ns), primitive nasal cavity (nc), secondary plate (p2), oral 
cavity (oc), tongue (t), primary palate (p1), mesenchyme (ms), dorsal nasal cho-
anea (dc), ventral nasal choanea (ve), olfactory epithelium (oe), respiratory epi-
thelium (re),vomoronasal organ cartilage (vc),vomoronasal organ epithelium 
(ve), perichondrium (pc). H&E stain.  
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Fig (3):  Photomicrographs of transverse sections of camel fetal heads A 
(70 mm CVRL), B (80 mm CVRL), C,D (90 mm CVRL), showing; tongue (t), oral 
cavity (oc),hard palate (hp), mesenchyme (ms), nasal cavity (nc), olfactory epi-
thelium (oe), nasal septum (ns), respiratory epithelium (re), dorsal nasal concha 
(dc), ventral nasal concha (vn), perichondrium (pc). H&E stain.  
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 . 

 

Fig (4):  Photomicrograph of transverse section of camel fetal head (100 mm 
CVRL) A (olfactory region), B (respiratory region) showing; mesenchyme (ms), 
olfactory epithelium (oe), nasal cavity (nc), respiratory epithelium (re).  H&E 
stain. 
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Fig (4):  Photomicrograph of transverse section of camel fetal head (100 mm 
CVRL) A (olfactory region), B (respiratory region) showing; mesenchyme (ms), 
olfactory epithelium (oe), nasal cavity (nc), respiratory epithelium (re).  H&E 
stain. 

 
 
 
 
 
 
 

 


