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ARTICLE INFO ABSTRACT

The aim of this study is to analyzed the three nervi; terminalis, vomeronasalis and olfactorius
emerging from the olfactory apparatus. The lizard Chacidessepoides was collected from Sinai and
was undergone to permanent histological preparation. Through the examination of the olfactory
apparatus of this species resulted in the vomeronasal organ is innervated by two correlating
nerves: terminal and vomeronasal nerves that originating from its sensory epithelium. The
terminal nerve bears the ganglion terminale. The olfactory nerve innervates the olfactory
chamber. The three nerves leave the nasal capsule through the fenestra olfactoriaadvehens as
separate bundles. They enter the cranial cavity through the fenestra olfactoriaevehens. The
olfactory nerve connected with the main olfactory bulb. The terminal connects with the outer
layer of the brain, while the vomeronasal one joins the accessory olfactory bulb. The three nerves
are perspicuous special sensory.
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INTRODUCTION

The family Scincidae or the skinks are like true lizards (as
families Agamidae and Chamaeleonidae) with their legs are
relatively small. They are the most diverse families of lizards
with more than 1500 known species (Mecke et al.,
2013). Skinks are typically diurnal, terrestrial and active on the
surface of the ground or low roosts, withsome species are
mountaineers, living in trees or on rocks and few others are

The study of the anatomy and morphology of the cranial
nerves among members of the family Scincidae is infrequent.
Hence, it was important to study the anterior cranial nerves
that innervate the sensory olfactory system of a member of this
family to elucidate their neural characters and to analyze the
fibre components of these nerves. This may help in
understanding the phylogeny, of this primitive scincidian

semiaquatic and able to swim and hide under water to escape family.

predators (Daniels and Heatwole, 1990). According toDisi et MATERIALS AND METHODS
al. (2006) the scincid lizard Chalcidessepoides or Wedge-

snouted skink is found in sandy areas, dunes and sandy soil, Habitat and Ecology

and has been seen close to oases. It moves very efficiently by

swimming in the sand below the surface. The same authors
reported that this species is a viviparous, nocturnal in the
summer and diurnal in the winter. In the reptiles in general and
the lacertilian in particular, the olfactory apparatus is formed
of two parts; the main olfactory organ and the accessory
olfactory one (the vomeronasal or Jacobson's organ). With
regard to the study of the cranial nerves of reptiles, many
studies were carried out on both Lacertilia and Ophidia
(Dakrory, 1994; El-Ghareeb et al., 2004; Abdel-Kader, 2006,
Abdel-Kader et al., 2007; Omar et al., 2015).

*Corresponding author: Amel R. Omar,
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The species used in this study is Chacidessepoides (Family:
Scincidae). Itissand dwelling fossorial species with frequently
reduced limbs for sand locomotion. This lizard is diurnal,
feeding on insects, spread in a wide range of habitat from
depressions of Western desert to the sand areas in the rock
wadies of the eastern desert and Sinai.

Sample Preparation for permanent histological slides

Two specimens of the fully formed embryos of
Chacidessepoides were collected from two pregnant females
in the laboratory and forthwith fixed in aqueous Bouin's
solution for a day.
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After fixation, the two embryos were transferred to
decalcificating EDTA for about 30 to 50 days with changing
the solution every four days. This will be followed by washing
with distilled water and transferred in 70% ethyl alcohol for
about two days. Then the heads will be treated with ascending
series of ethyl alcohol and cleared in xylene followed by
embedding in paraffin wax. Serial transverse sections were
obtained using the microtome with thickness 10um.The serial
sections were then stained in Mallory's triple stain.

Graphical Photomicrographs
Photomicrographs for parts of the transverse sections were

made to demonstrate the position and relations of the nerves to
the other structures of the head.

RESULTS

Fig. 2. Photomicrograph of a part of transverse section passing

Th . . .. £ th al . £ through the anterior olfactory region of Chacidessepoides
© .mlcroscc.)p Ic examination of the seria SeCtIOII'S (,) elucidating the formation of the first bundle of the nervus
Chacidessepoides revealed the presence of a nervus terminalis terminalis. Scale bar= 25

originates in combination with the vomeronasal nerve from the
sensory epithelium of Jacobson's organ or the vomeronasal
organ.

nervi terminalis and vomeronasalis

In Chacidessepoides, the nervus terminalis arises in the form
of nerve fibres from the dorsal and dorsomedial sides of the
anterior part of jacobson's organ in association with the
nervusvomeronasalis  (Fig. 1). These fibres extend
posterodrsally passing dorsal to the latter organ and ventral to
the septomaxillary bone. These fibresprogressively close each
other forming one large bundle that through the septomaxillary
bone to enter the nasal region (Figs. 2&3).

Fig. 3. Photomicrograph of a part of transverse section passing
through the anterior olfactory region and the middle region of
the vomeronasal organ of Chacidessepoides illustrating the
passage of the terminal nerve bundle through the septomaxillary
bone. Scale bar= 25

Fig. 1. Photomicrograph of a part of transverse section passing
through the anterior olfactory region of Chacidessepoides
showing the origin of the terminal nerve fibres (N.0), the

septomacxillary bone (SM) forming the roof of Jacobson's organ

(J.0), nervusolfactorius (N.I), olfactory chamber (OC), nasal
bone (NA), internasal septum (INS), ramus medialisnasi. Scale
bar=35.71

Fig. 4. Photomicrograph of a part of transverse section passing

From the dorsal side of the middle part of Jacobson's organ
P gan, through the anterior olfactory region and the caudal region of

additional nerve fibres are formed. These nerve fibresapproach , . ; .
h oth b her bundle that fused with the fi Jacobson's organ of Chacidessepoides showing the passage of the
each other to be another bundle that fused with the first one terminal nerve bundles through the nasal region, paraseptal

(Fig. 3). cartilage (PSC). Scale bar= 25
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Fig. 5. Photomicrograph of a part of transverse section passing
through the olfactory region of Chacidessepoides showing the
passage of the terminal nerve within the olfactory capsule, nasal
gland (NG). Scale bar=35.7

Fig. 6. Photomicrograph of a part of transverse section passing
through the olfactory region of Chacidessepoides showing the
ganglion terminale (G.T). Scale bar= 6.25

There are nerve fibres are arised from the posterior part of
Jacobson's organ, passing ventral to the first bundle and
forming two bundles (Fig. 4). The three bundles extend
posterodorsally and enter the nasal region passing dorsal to the
paraseptal cartilage, medial to the olfactory epithelium, ventral
to the nervusolfactorius and lateral to internasal (Figs. 4&5).
From the caudal region of the vomernasal organ, there are
additional fascicles are added (Fig. 4). These fascicles
aggregate forming another bundle. Subsequent to Jacobson's
organ, the four bundles extend posteriorly and enter the nasal
capsule passing along the medial side of the olfactory organ
dorsal to the paraseptal cartilage and prevomer boneand lateral
to the internasal septum (Fig. 5). After a psterodorsal course
the nervus terminalis leaves the nasal capsule through the
fenestra olfactoriumadvehens. Within the latter foramen, there
is some ganglionic cells are formed which represent the
ganglion terminale (Fig. 6).After a short extra capsular path,
the nervus terminalis enters the encephalic cavity through the
fenestra olfactoriumevehens (Fig. 7). Intracranially, the nervus
terminalis extend posteriorly ventromedial to the olfactory
bulb (Fig. 8). Thereafter, they shift posterodorsally passing
medial to the main olfactory. The terminal connects with the
outer layer of the brain, but the vomeronasal one enters the
accessory olfactory bulbs (vomeronasal formation) from its
ventromedial side. The latter structure is located poster medial
to the main olfactory bulb.

Fig. 7. Photomicrograph of a part of transverse section passing
through the post olfactory region of Chacidessepoides showing the
exits of the terminal nerve from the olfactory capsule through the

fenestra olfactoriumadvehens (FOA) and its entrance to the
cranial cavity through the fenestra olfactoriumevehens (FOE),
accessory olfactory bulb (AOB). Scale bar= 62.5

Fig. 8. Photomicrograph of a part of transverse section passing
through the most posterior olfactory region ofChacidessepoides
showingentrance of the terminal nerves into the accessory
olfactory bulbs and the posterolateral part of the olfactory bulb.
Scale bar= 50

Nervusolfactorius

The nervusolfactorius is a special sensory nerve as its fibres
are formed by the cells of the sensory olfactory epithelium
rather than by the nervous system elements. In
Chacidessepoides, the originating nerve fibres aggregate in
several fine branches (Fig. 1). These branches extend
posteriorly within the nasal capsule along both the dorsal and
medial sides of the olfactory epithelium. As they run
backwards, the nerve fibres converge each other constitute
many nerve bundles. These bundles extend posteriorly in a
dorsal direction passing dorsal to the ramus medialisnasi of the
nervus trigeminus, lateral to the internasal septum, ventral to
the nasal bone and medial to the olfactory organ (Fig. 1).
During their posterior passage, the nervusolfactorius touches
the ramus medialisnasi without anastomosis between their
fibres (Fig. 2). The nerve bundles extend laterally to be dorsal
to the olfactory apparatus and ventral to the parietotectal
cartilage (Fig. 5). Slightly backwards, the nerve bundles leave
the nasal capsule through the foramen olfactoriumadvehens
(Fig. 7) and enter the cranial cavity to attach the olfactory bulb
from its dorsolateral sides (Fig. 8). There is no olfactory
peduncle.
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DISCUSSION

The examination of the olfactory innervation in
Chacidessepoides, revealed the presence of three types of
nerve fibres that comprise the nervi terminalis, vomeronasalis
and olfactorius which arise from Jacobson's organ and
olfactory apparatus respectively. The fibres of the nervus
terminalis differ from those of the other two latter nerves. This
nerve was specified in all vertebrate classes except in
cyclostomes and birds as reported by Haller von Hallerstein
(1934),Shamakh (2009), Dakrory (2011) and Mahgoub (2014).
However, the terminal nerve was found in lampreys, follows
the application of horseradish peroxidase to the olfactory
mucosa (Von Bartheld et al., 1987 and Northcutt and
Puzdrowski, 1988). Some anatomists proposed that this nerve
is probably a ganglionatedresidue of an anterior branchial
nerve which innervated the mouth region (Romer and Parsons,
1985; Goodrich, 1986).

In the current study, the nervus terminalis originated from the
epithelium of Jacobson's organ in association with the
nervusvomeronasalis. The fibres of those two nerves continue
together during their course through the olfactory capsule and
the intracranial cavity. Similar results were observed in the
lizards Laudakiastellio (Shamakh, 2009), Mesalinaquttulata
(Mahgoub, 2014) and in the serpents Najahajehaje(Abdel-
Kader et al 2000) and Coluberrogersi (Omar, 2013). The
emanation of the nervus terminalis together with the
vomeronal one was comparable to that present in mammals as
in cats and dogs (Mc Cotter, 1913) and in the hedgehog
(Hegazy 1990). However, the course of the two latter nerves
was disagreed with those present in the serpents studied by
Hegazy (1976) and Mostafa (1990).

In Chacidessepoides, a gather of ganglionic cells are formed in
two of the four bundles of the nervus terminalis. These cells
are formed within the foramen olfactoriumadvehns and
represent the ganglion terminaleas denomated by
Déllken(1909). The disposition of the ganglion terminale that
present in this study differs than was reported by Shamakh
(2009), Dakrory (2011) and Mahgoub (2014). These authors
mentioned that the ganglion terminale arises within the nasal
capsule. Also, the configuration of the latter ganglion entirely
differ from that recorded by Hegazy (1976) and Mostafa
(1990) in ophidian which registered the intracranial position of
the ganglion terminale. One or two ganglia terminale present
in the nervus terminalis of fishes, amphibians, reptiles and
mammals (Haller von Hallerstein, 1934; Goodrich, 1986 and
Dakrory, 1994).

In the existent study, the vomeronasal nerve is united with the
vomeronasal organ from one hand and linked to the olfactory
bulb formation from the other hand. A comparable observation
was described in the lizards studied by Dakrory (1994), El-
Gareeb (1997) and Shamakh (2009) and in snakes
demonstrated by Abdel-kader et al (2000), Mahgoub (2004)
and Omar (2013).This caseappears to be a common character
in Sphenodon and squamates (Bellairs, 1950 and Jollie, 1968).
The vomeronasal the nerve, Jacobson's olfactory organ and the
accessory olfactory bulbsare not locatedin chelonians and
crocodilian and in all birds (Watanabe and Yasuda, 1968;
Soliman et al., 1986).

In many mammals as various bats, whales,in some carnivorous
and in man and the other higher primates as maquque, there is
no accessory olfactory bulb due to the absence of the
vomeronasal organ (Romer and Parsons, 1985). In
Chacidessepoides, the three nerves under investigation leave
the olfactory capsule through the
foramenolfactoriumadvehens. This foramen is formeddue to
the connection between the planumantorbitale and the nasal
septum. This closed foramen appears to be found in most
lizards so far described. It is repoted by Rice (1920) in
Eumeces, De Beer (1937) in Lacerta, and byRamaswami
(1946) in Calotes. However, this foramen appears as a wide
incisura  instead of a closed foramen in the
amphisbaenianDiplometoponzarudnyi.  This  configuration
because the absence of fusion between the planumantorbitale
and the nasal septum (Dakrory, 1994).In ophidians, the two
cases were recorded either a closed foramen as in Najahaje
(Abdel-Kader et al., 2000) and Coluberrogersi (Omar, 2013)
or a wide incisure rather than a complete foramen in the
snakes Psammophissibilans and Eryxjaculus (Hegazy, 1976)
and in both Psammophisschokari and Coluberelegantissinus
(Mostafa, 1990).

In agamid lizards, the three nervi terminalis, vomeronasalis
and olfactorius leave the olfactory capsule in the form of
separate bundles each one exits from its own foramen. It was
observed in Agama atra (Malan, 1946), Agama hispida (Barry,
1953), Agama stellio (Eyal-Giladi, 1964) and in
Laudakiastellio (Shamakh, 2009). In birds, a defined fenestra
olfactoriaadvehens seems to be present (Soliman et al., 1986).
But, the nervusolfactorius leaves the capsular cavity through
an undelimited fenestra in Anasboschas (De Beer, 1937),
fissuraorbitonasalis in Sternus vulgaris (De Kock, 1955) and
by means of a bony canal in Coliusindicus (Schoonees, 1963).
In Mammalia, the fenestra olfactoriaadvehens (fenestra
cribrosa) is subdivided into numerous pores of the cribriform
plate (De Beer, 1937; Jollie, 1968; Hegazy, 1990). Here, the
nervi terminalis, vomeronasalis and olfactorius enters the
cranial cavity through the fenestra olfactoriaevehens. Similar
results were seen in Laudakiastellio (Shamakh, 2009) and in
Varanusniloticus (Dakrory, 2011). In rare cases of lacerilians,
the latter fenestra is absent and the three nervi under question
become intracranially through their passage into a
membranous cranial wall as in Diplometoponzarudnyi
(Dakrory, 1994). In Ophidia, the absence of the fenestra
olfactoriaecvehens appears to be general (Abdel-Kader et al.,
2000, Omar, 2013).

Conclusion

The olfactory apparatus gives off three types of nerves that
orderly into the nervi terminalis and vomernasalis arising from
the accessory olfactory system (Jacobson's organ) and the
nervusolfactorius originating from the main olfactory organ.
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