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EMBRYONIC DEVELOPMENT OF THE OLFACTORY ORGAN IN MICE
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ABSTRACT

The development of the olfactory organ in the prenatal stages of mice (Patch/normal Balb/c) was studied. Eight stages were
selected for this study; they are 9, 10, 11, 12, 13, 14, 16 and 18 days of gestation.

At9 days of gestation, the olfactory placodes begin to appear as two thickenings of epidermis, latero-ventral to the prosencepha-
lon. At 10 days, the primary choanae appear; each lies between the lateral and medial nasal swellings. At 11 days, the epithelia of
these swellings fuse (closing the primary choanae) to form the nasal fin. This fin is mostly regressed and becomes replaced by
mesenchymal cells except in its most posterior part to form the bucconasal membrane. As development proceeds and at 12 days, the
secondary choanae are formed.

At 11 days, the epithelium of the middle septal region evaginates to form the vomeronasal organ which is kidney-shaped. At 16
days and thereafter, this organ becomes seperated from its cartilagenous envelope by a thick layer of cavernous tissue and the
vomeronasal glands appear.

At 12 days, the lateral nasal epithelium evanigates into the lateral nasal wall to form the middle meatus. In addition, and at 14
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days', there are two evaginations from the lateral nasal epithelium; the ethmoidal recesses and the maxillary recesses. Unlike the
maxillary recesses, the ethmoidal recesses possess no glandular elements in their submucosa.

) The different nasal glands occupy most of the respiratory area. The glands of the lateral and medial nasal walls develop in a
different chronological sequence. The lateral glands progress faster and more extensive than the septal glandular system.

INTRODUCTION

It is generally known that the anlage of the vertebrate olfac-
tory organ develops as a thickening, the olfactory placode on
both sides of the head. These thickenings invaginate giving rise
to the olfactory pits, which progressively become deeper and
extend backwards and downwards towards the nasal groove.
Each nasal groove is flanked by two prominences, the medial
and lateral nasal processes or swellings (as termed by Gaare &
Langman, [1]). The nasomedial processes of both sides eventu-
ally merge with each other to form the medial portion of upper
lip and the septum of the nose [2], while the nasolateral pro-
cesses become the alae of the nose.

Trasler [3], Lejour [4] and Portois [5] mentioned that as de-
velopment proceeded, the epithelia of the medial and lateral
swellings fused to form the nasal fin [1, 6] or Hochstetter’s mem-
brane [7]. Gaare & Langman [1] reported that during develop-
ment, this fin regressed and was replaced by mesenchyme ex-
cept for its most posterior portion, which remained as the oronasal
membrane. Failure of fusion between the nasal swellings on one
or both side (s) causes the unilateral or bilateral cleft lip.

In the embryonic development, formation of the nasal pas-
sages follows the morphogenetic sequence : the olfactory canals
eventually communicate with the stomodaeum, forming the pri-
mary choanae. Later, the elevation and fusion of the palatal
shelves create the internal nares to assume a more posterior posi-
tion as the secondary choanae [8, 9].

A survey on the adult morphology of the olfactory organs in
adult anurans was provided by Michael [9]. Doucetter et al.
[10] stated that the olfactory epithelium was the only part of the
nervous system in the adult mammals in which neurones died
and were regularly replaced. The neurones in the rat and mouse
have short life spans from 30 to 40 days [11]. Basal cells divide
and differentiate into receptor cells and their axons then grow to
the olfactory bulb where they form synapses within glomeruli
[12].

The nasal passage of mammals is divided into three regions
: the vestibular, the respiratory and the olfactory regions. Adams
[13] and Gross et al. [14] have reviewed and tabulated the ana-
tomical informations of the nasal cavity.

The vomeronasal organ is present in amphibians, reptiles and
most mammals but it is absent in birds. Harrison [15] nominated
the mammals which lacked the vomeronasal organs such as the
Cetacea and Sirenia (dugong and manatee) which possessed no
olfactory epithelium. Members of order Proboscidae which in-
clude the two elephant species and the primitive ungulate, the
(aardvark) Orycteropus afer possess no vomeronasal organ.

Harrison [15] also reported that in rodents the vomeronasal
organ played an essential role in the control of reproduction. It
is thought to be a sensor for sexual pheromones [16, 17]. Also,
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the organ probably plays a role in feeding [15, 18]..

The anatomical structure of the vomeronasal organ of vari-
ous mammalian species has been widely studied by many au-
thors [15, 19]. Among the authors who described the histology
of this organ, one may refer to Vacarezza et al. [20], Taniguchi &
Mochizuki [21, 22], Adams & Niekamp [23]. However, studies
on the organ’s histogenesis during its development are very few.
Among those authors so far known Vidic et al. [24], Garrosa et
al. [25] worked on rat and Taniguchi & Mochizuki [21] on ham-
ster.

Concerning the nasal glands, their structure and distribution
have been studied in the rat and in a number of other mammals:
[26], in the mouse [27] in the hamster [28], in the pig [29], in the
dog [30, 31] and in marsupials [32]. The glands are classified
into three broad regional groups: glands of wide distribution,
associated with types of epithelium including mucous goblet cells;
glands of the lateral nasal walls and glands of the nasal septum
(medial nasal glands).

The aim of this study is to investigate the embryonic devel-
opment of the olfactory organ in mice. This study is pre-requi-
site for any future experimental studies on the olfactory organs
of this species.

MATERIALS AND METHODS

The embryos were collected from mating mice of Patch strain
(CBA/C,, BL) with normal Balb/c mice at 9, 10, 11, 12, 13, 14,
16 and 18 days of intrauterine life. At each age, four embryos
were taken from two litters.

Embryos were staged and surgically removed from the uterus
{33] to be fixed in Bouin’s fluid and prepared for histological
studies.

RESULTS

9 days Gestation Stage: The olfactory placode (Fig. 1, OP)
arises as a thickening of the epidermis, lateroventral to the prosen-
cephalon. The placode invaginates to form the olfactory or na-
sal pit (Fig. 2, NP), which extends inwards and upwards creating
at 10 days a deep depression, the nasal groove and the internal
nasal opening or the primary choana. Each nasal groove is flanked
by the medial and lateral nasal swellings.

11 days Gestation Stage: The two epithelial borders of the
medial and lateral nasal swellings fuse more posteriorly. The
initial contact between the cells of the medial and lateral swell-
ings is made by short projection of epithelial cells of these op-
posing nasal swellings (Fig. 3a, arrow) or by the so called choaneal
fold as mentioned by Khalil [34]. This contact gives rise to an
epithelial plate in the line of fusion, which is known as the nasal
fin (Fig. 3b, NF), and transform the nasal groove into the primi-
tive nasal cavity (PNC). Posteriorly, the nasal fin merges into
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dissociated mesenchyme cells (Fig. 3c), while more posteriorly
they are continued into a distinct bucconasal membrane (Fig. 3d,
arrow).

Also at this stage, the epithelium of the middle septal zone
evaginates into the subepithelium to form the vomeronasal or-
gan (Fig. 4, VNO), the lumen of which is slit-like being sur-
rounded by thick epithelium.

12 days Gestation Stage: The nasal cavity becomes ex-
panded and its epithelium begins to be differentiated into thick
vestibular, thin respiratory and olfactory epithelia. At this stage,
the palates are vertical in position and the secondary choanae
are formed. At the anterior level of the nasal organ, the lateral
nasal epithelium evaginates into the lateral nasal wall to form
the middle meatus. The nasal capsule and the intermedial sep-
tum begin to appear as a condensation of mesenchymal cells
that surround the nasal organ. Also at the-most anterior level,
the nerve fibers (Fig. 5, ON) arise from the sensory olfactory
epithelium, being directed toward the olfactory lobe (OL).

13 days Gestation Stage: At the posterior level of the nasal
organm the main lateral nasal glands or the so-called Steno’s
gland (Fig. 6, LNG) appears as one single duct. The vomeronasal
organ (Fig.7, VNO) is kidney-shaped with its concavity laterally
located. The lateral wall is thin and has smaller and densely
packed cells, while the medial wall is thick and has more flat-
tened cells. During development, the lateral wall becomes thin-
ner gradually, while the medial wall becomes thicker (Figs. 8 &
9). Also, at this stage, the vomeronasal organ becomes surrounded
medially and ventrally by condensed mesenchymal cells at a
predifferentiative phase (Fig.7).

14 days Gestation Stage: The nasal cavity is expanded and
its epithelium becomes well differentiated (Fig. 10). Due to the
expansion of the nasal cavity, the vomeronasal organ is displaced
ventrally and communicates the nasal fossa (Fig. 10).

In addition to the presence of the well developed middle
meatus (Fig. 11, MM), which opens in the vestibule, there are
other evaginations from the lateral nasal epithelium. These evagi-
nations extend parallel to the middle meatus , at a lower level

posteriorly, into the nasal cavity. Dorsally, the ethmoidal meatus '

or recesses (Fig. 12, ER) expand posteriorly as a blind pouch.
While ventrally the maxillary recesses (MR) extend in the
lateroposterior direction. The posterior maxillary gland (PMG)
begins to appear, in some embryos, in the submucosa of maxil-
lary recesses as one or two ducts that may increase in number
during development (Figs 13 & 14).

The main lateral nasal gland, which appeared at the posterior
level of the nasal organ in the previous stage, extends anteriorly
as well as posteriorly to form the future long anterior and short
postero-lateral nasal glands respectively (Fig. 11). In addition,
there is a small excretory duct in the interseptal sub-epithelium
which is known as anterior medial gland of the nasal septum or
the anterior septal gland (ASG).

The nasolacrimal duct (Fig. 11, NLD) is faintly delimited at
the ventral border of the nasal capsule. During development,
this duct ramifies into several acini, extending latero-dorsally
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(Fig. 15). The nasal capstle and the internasal septum become
cartilagenous, while the nasoturbinate and maxilloturbinate re-
main mesenchymatous,

16 days Gestation Stage : The vestibule extends rostrally
till it opens to the outside forming the external nasal opening
(Fig. 16, artrow), which contains the mucous and horny materi-
als. The respiratory epithelium becomes ciliated and well dif-
ferentiated with many goblet cells. The vomeronasal organ
(Fig.9) is still kidney-shaped and its concavity facing laterally.
The medial wall is thick, while the lateral wall is thin and its
cellular rows become progressively reduced during development.
The mesenchymal tissue that surround the medial and ventral
part of the vomeronasal organ becomes well differentiated to
form the semi circular cartilage or the so called vomeronasal
cartilage (Fig. 15, VC).

From this stage and thereafter, the vomeronasal organ be-
comes separated from its cartilaginous envelope (Fig. 17) by a
large thick layer of cavernous tissue (see Vidic et al., 1972). Also
the nasoturbinate and maxilloturbinate become completely
chondrified. The posterior maxillary glands open into the epi-
thelium of the maxillary recesses.

DISCUSSION

During the embryonic development of the mammalian olfac-
tory organ, the mesenchymal tissue which surrounds the nasal
pits prolifereates rapidly, so that the pits are deepended both, by
their own progressive invagination and by forward growth of the
surrounding rostral region.

In the present study it was found that as development pro-
ceeds, the epithelia of the medial and lateral nasal swellings fuse
to form the nasal fin at the 11th day of gestation. This finding
coincides with that of Trasler [3], Lejour [4], Pourtois [S] and
Gaare & Langman [1, 6].. Shortly after its formation, the nasal
fin mostly regresses and is replaced by mesenchyme, with the
exception of its most posterior part which remains as the
bucconasal membrane. This region is characterized by the pres-
ence of a large amount of degenerated cells, which was consid-
ered as the “cell death zone” [1, 6]. These findings are concor-
dant with those of Gaare & Langman [1, 6] on the mouse.

It had been shown above that the nasal glands occupy most
of the respiratory area of the nasal organ. The glands which are
related to the lateral nasal wall and to the maxillary sinus appear
as early as the 14 days gestation stage in mice embryos. This
finding agrees with that of Vidic [35] and Evans [30]. However,
the anterior and posterior medial glands appear in later prenatal
stages; a finding that coincides with that of Vidic et al. [24] and
Garrosa et al. [25].

The structure of the vomeronasal complex includes the
vomeronasal organ, the underlying connective tissue, the
vomeronasal glands, nerves and blood supply. In the present
study, it was found that the first sign of the developing
vomeronasal organ appears by 11 days gestation. This age is
considerably much earlier than the one described by Vidic et al.
[24] and Garrosaer al. [25] inrat and by Tam guchi & Mochizuki
{21} in hamster.
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Fig. 1: A photomicrograph of a transverse section of the mouse embryo at 9 days, show-
ing the olfactory placode (OP). H-E stain, X 200.

Fig. 2: A photomicrograph of a tranverse section of the mouse embryo at 9 days showing
the nasal pit (NP). H-E stain, X 200.

Fig. 3: Series of transverse sections from anterior to posterior through the nasal region of
11 days gestation stage mouse embryo to demonstrate the sequence in the fusion
process between the medial and lateral nasal swellings (closure of the primary
choana). H-E stain, X 200.

() Prior to the epithelial contact of the medial and lateral nasal swellings in the nasal
groove,

(b) Contact between the epithelial linings of the nasal swellings had produced the nasal
fin (NF) and primitive nasal cavity (PNC).

(c) The nasal cavity is replaced by mesenchyme.

(d) The nasal fin, in the most posterior part of the primitive nasal cavity, remains as the
bucconasal membrane (arrow).
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Fig. 4: A photomicrograph of a transverse section of the mouse embryo at 11 days, showing the vomeronasal organ (VNO). H-E stain,
X 200.

Fig. 5: A photomicrograph of a transverse section of the mouse embryo at 12 days, showing the nerve bundles from the olfactory
organ directed to the olfactory lobe. H-E stain, X 200.

Fig 6: A photomicrograph of a transverse section of the mouse embryo at 13 days, showing the lateral nasal gland (LNG). H-E stain,
X 200.

Fig. 7: A photomicrograph of a transverse section of the mouse embryo at 13 days, showing the vomeronasal organ. H-E stain, X 200.
Fig. 8: A photomicrograph of a transverse section through the nasal region of the mouse embryo at 14 days, showing the vomeronasal

organ (VNO). H-E stain, X 200.
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Fig. 9: A photomicrograph of a transverse section through the nasal region of the mouse embryo at 16 days, showing the vomeronasal
organ. H-E stain, X 200.

Fig. 10: A photomicrograph of a tranverse section through the nasal region of the mouse embryo at 14 days, showing the connection
brtween the nasal fossa and the vomeronasal cavity. H-E stain, X 200.

Fig. 11: A photomicrograph of a tranverse section through the nasal region of the mouse embryo at 14 days, showing the anterior
septal gland (ASG) and the nasalacrimal duct (NLD). H-E stain, X 200.

Fig. 12: A photomicrograph of a tranverse section through the nasal region of the mouse embryo at 14 days, showing the ethmoidal
(ER) and maxillary recesses (MR). H-E stain, X=50.

Fig. 13: A photomicrograph of a tranverse section through the nasal region of the mouse embryo at 16 days, showing the maxillary
recesses with associated posterior maxillary glands (PMG). H-E stain, X=50.

Fig. 14: A photomicrograph of a tranverse section through the nasal region of the mouse embryo at 18 days, showing ethmoidal (ER)
and maxillary recesses (MR) with posterior maxillary glands (PMG). H-E stain, X=50.
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Fig. 15: A photomicrograph of a tranverse section through the nasal region of the mouse embryo at 16 days, showing the posterior
septal gland (PSG) and vomeronasal cartilage (VC). H-E stain, X=50.

Fig. 16: A photomicrograph of a longitudinal section through the head region of the mouse embryo at 16 days, showing the external
nasal opening (arrow). H-E stain, X=200.

Fig. 17: A photomicrograph of a tranverse section through the nasal region of the mouse embryo at 18 days, showing the cavernous
tissue (arrow). H-E stain, X=200.
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At late embryonic stages, a thick layer of cavernous tissue
which intervenes between the cartilagenous envelope and the

vomeronasal organ was regarded as a regulator of inspiration
and expiration by Negus [36].

In the present study it was found that the vomeronasal organ
of mice communicates with the nasal fossa and opens directly
into the nasal passage. This finding agrees with that of Vidic et
al. [24], Garrosa et al. [25] and Kratzing & Woodall [37]. On
the other hand, the vomeronasal organ communicates directly
with the oral cavity in cow and hippopatomus [38], in marsupi-
als [37] and in the insectivore Hemiechinus auritus [39].

ABBREVIATIONS

ASG:Anterior septal glands; CH: Primary choana; ER: Eth-
moidal recesses; LNG: Lateral nasal gland; MM: Middle me-
atus; MR: Maxillary recesses; NF: Nasal fin; NG: Nasal groove;
NLD: Nasolacrimal duct; NP: Nasal pit; OE: Olfactory epithe-
lium; OL: Olfactory lobe; OP Olfactory lobe; ON: Olfactory
nerve; P: Prosencephalon; PMG: Posterior maxillary gland; PNC:
Primitive nasal cavity; PSG: Posterior septal gland; RE: Respi-
ratory epithelium; VC: Vomeronasal cartilagel; VE: Vestibular
epithelium; VNO: Vomeronasal organ.
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