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The Terminal and Vomeronasal Nerves of Montpellier Snake, Malpolon monspessulana (Colubridae,
Ophidia, Squamata). Omar, A. R., Dakrory, A. 1. — The montpellier snake, Malpolon monspessulana,
used in the current work in order to study the nervi terminalis and vomeronasalis. The vomeronasal organ
or Jacobson’s organ is a part of the olfactory apparatus. This organ is innervated by the terminal and
vomeronasal nerves. These nerves emerge from the sensory epithelium of Jacobson’s organ simultaneously.
The bundles of the terminal and vomeronasal nerves traverse together the cavity of the nasal capsule in
their way to the brain. These nerves bear scattered ganglionic cells which represent the ganglion terminale.
They leave the capsule through the foramen olfactorium advehens. The terminal and vomeronasal nerves
are connected with the olfactory nerve and enter the olfactory formation of the forebrain.
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Introduction

Colubrid snakes form one of the largest families of the suborder Ophidia of the order Squamata. Some
studies were carried out on the Montpellier snake, Malpolon monspessulana, under investigation such as the
study of the chondrocranium (El Toubi et al., 1973) and the developmental study of the vomeronasal organ
of Jacobson (Salah EL-Din, Dakrory, 2015). However, any data about the cranial nerves of this snake were
not obtained (Dakrory, Omar, 2014). Concerning the cranial nerves in reptiles, in general, many studies were
reported in Ophidia and Lacertilia such as Mostafa (1991) on Ophidia, Dakrory (1994) on the amphisbaenian
Diplometoponzarudnyi, Abdel-Kader (2006) on the cat snake Telescopus dhara, Abdel-Kader et al. (2007) on
Mabuya quinquetaeniata, Dakrory (2011) on Uromastyx aegyptius and Omar (2013) on Coluber rogersi.

In this study, it is to the point to study the terminal and vomeronasal nerves in the snake Malpolon
monspessulana that innervate the vomeronasal organ. This may help in understanding the phylogeny, taxonomy
and behavior of this primitive ophidian family.

Material and methods

The species used in this study is the Montpellier Snake, Malpolon monspessulana, of the Family:
Colubridae. According to Bernhard (1971) it distributed from North Africa to south western Asia. In Egypt, the
Montpellier inhabits western Mediterranean coastal desert, Nile Delta, lower valley and Siwa oasis. It found in
the semi-desert, sandy areas of northern Delta, around vegetated salt marshes and in cultivated land. It feeds on
small mammals, lizards, frogs and birds. Variations in its color include reddish individuals. Three specimens of
the fully formed embryo are collected from Baltim, north coast of Egypt. The heads of the three specimens were
cut and fixed in Bouin’s fixative for 24 hours. The heads were treated with EDTA solution for decalcification.
Taken time for decalcification process 40 days, during which the EDTA solution was changed every 4 days. This
was followed by washing the embryos several times with 70 % ethyl alcohol. After that, the heads are treated to
ascending series of ethyl alcohol and then cleared with xylene. Thereafter, the heads were embedded in paraffin
wax. Then serial transverse sections were obtianed at thickness 10 um using the microtome. The sections were
stained in haematoxylin and then counter stained with eosin. Some transverse sections were photographed to
show the relation between the terminal and vomeronasal nerves to the different parts of the head.
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Results

In Malpolon monspessulana, the fibres of the nervus terminalis originate from the sensory
epithelium of the vomeronasal organ of Jacobson, in association with those of the vomeronasal
nerve (fig. 1,2, N.0). It is considered as a small ganglionated sensory nerve appears just anterior
to the other cranial nerves. Emberyologically, the vomeronasal organ begotten from the medial
side of the olfactory chamber during its early development and then it completely separates
from the latter chamber to dwell ventral to it (fig. 1, JO). It is considered as a small ganglionated
sensory nerve appears just anterior to the other cranial nerves.

The nerve fibres arise from the dorsal, medial and the lateral side of the biggest part
of the anterior end of Jacobson’s organ and congregate into two branches, dorsal to the
latter organ (fig. 1, N.0). These branches receive many terminal fibres which issue from
the dorsomedial, dorsal and the dorsolateral sides of the anterior third of the same organ.
The two branches run posteriorly dorsal to the bulging sensory epithelium that lines the
Jacobson’s organ and ventral to the septomaxillary bone. As they extend backwards, new
fine branches are gradually collected and extend posterodorsally to join the two main
branches. Finally, these two branches are fused together forming a stout bundle.

From the dorsomedial, dorsal and dorsolateral sides of Jacobson’s organ arise many nerve
fibres that extend dorsally passing ventral to the first main bundle, dorsal to the latter organ,
lateral to the nasal septum and medial to the olfactory chamber. These fibres were collected
together into one bundle (fig. 3, N.0). The two bundles extend posterodorasally and enter
the olfactory region passing ventral to the olfactory nerve bundles, medial to the olfactory
chamber, lateral to the nasal septum and dorsal to the vomeronasal organ (fig. 4, N.0).

From the middle part of Jacobson’s organ many fibres arise from its dorsal, lateral and
medial sides. These fibres congregated into one bundle, which runs ventral to the first two
ones, lateral to the nasal septum and medial to the posterior part of the olfactory chamber
(fig. 4, N.0). More backwards, the three bundles joined into one large bundle.

Two bundles originate from the posterior portion of the vomeronasal organ and
extending dorsally to be close to the first one (fig. 5, N.0). From the most posterior part
of Jacobson’s organ, there is a branch extend to fuse with the terminal nerve in a position
dorsal to the latter organ, ventral to the olfactory nerve, lateral to the nasal septum and
medial to the olfactory capsule (fig. 6, N.0).

Fig. 1 - mm

Fig. 1. Graphic reconstruction in a lateral view showing the contour of the vomeronasal organ (VNO), the
vomeronasal duct (VND), the terminal and vomeronasal nerves (N.0) and the nervus olfactorius (N.I).
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Fig. 2. Showing the origin of the nervus terminalis Fig. 3. Showing the first two bundles of the nervus
from the Jacobson’s organ (JO), nasal bone (NA),nasal terminalis.

septum (NS), septomaxilla (SMX), prevomer (PV)
and the olfactory organ (OL.O).

Slightly backwards and dorsally within the nasal capsule, just before its entering to the
cranial cavity, the terminal nerve carries two groups of scattered ganglionic cells. These
groups represent the ganglion terminale (fig. 7, GT).

Posterior to the ganglion terminale, the bundles of the terminal and vomeronasal
nerves leave the nasal cavity through a foramen olfactorium advehens (fig. 6, FOA). This
one is in the form of a wide incisure rather than a complete foramen. Within this foramen,
the olfactory nerve connects with the terminal and vomeronasal nerves (fig. 6, N.0, N.I).
These nerves enter the cranial cavity by penetrating the membranous cranial wall as separate
bundles. Intracranially, the bundles constituting the terminal and vomeronasal nerves pass
ventromedial to those of the olfactory nerve (fig. 1, 8, N.0)for a short distance. Finally, the
terminal and vomeronasal nerves enter the olfactory formation from its ventromedial side
as separate bundles.

Discussion

In the Montpellier snake, Malpolon monspessulana, there are nerve fibres arising
from the sensory epithelium of Jacobson’s organ which are the terminal nerve. This nerve
was first reported by Pinkus (1894) in the dipnoan Protopterus annectens. Thereafter, it
was identified nearly in all vertebrate classes except cyclostomes and birds, as has been
reported by Watanabe and Yasuda (1968), Romer and Parson (1985), Soliman et al. (1986),
Dakrory (1994, 2005), El-Ghareeb et al. (2004), Shamakh (2009), Dakrory and Mahgoub
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Fig. 5. Emergence of two bundles from the posterior
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Fig. 4. Showing the origin of the fibres of the nervus
terminalis from the middle part of Jacobson. part of the vomeronasal organ.
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Fig. 6. Showing the position of the foramen Fig. 7. Showing theganglion terminale (GT),
olfactorium advehens (FOA) and the fusion between 12.5um.

the nervi terminalis and olfactorius (N.I), parietotectal

cartilage (PTC).

(2009), Alfitour (2010), Madboly (2011) and Dakrory et al. (2011). On the other hand, Von
Bartheld et al. (1987) and Northcutt and Puzdrowski (1988) stated that a terminal nerve
is found in lampreys, following the application of horseradish perioxidase to the olfactory
mucous.

Kent (1978) suggested that this nerve is possibly a ganglionated remnant of an anterior
branchial nerve which primitively innervated the mouth region.

Regarding the structural components of the terminal nerve, it was stated that this nerve
contains elements of a sympathetic nature. According to De Beer (1924) the terminal nerve
carries somatic sensory fibres in addition to some sympathetic ones. However, Jollie (1968)
mentioned that this nerve is presumed to be a sensory nerve (general cutaneous), but it may
a part of the autonomic system.

The terminal nerveis apparently sensory, but it is unrelated to olfaction. Plate (1922)
suggested that this nerve is a special part of a nerve which performes a special olfactory
function in aquatic animals, whereas it acts as a Jacobson’s organ nerve in the terrestrial
forms. On the other hand, Kent (1978), and Romer and Parson (1985) suggested that, the
function of the terminal nerve is not clear.

In the current study the ganglion terminaleis formed extracranially within the olfactory
capsule. This agrees with Omar (2013) on Coluberrogersi. On contrary, in other studies
that described by Hegazy (1976), Mostata (1990) and Abdel-Kader (2005) in Ophidia as
they recorded that the terminal nerve carries the terminal ganglion intracranially near its
termination in the forebrain.

It was found that the nervus terminalis
of fishes, amphibians, reptiles and mammals
bear during its course one or two ganglia
terminale (Dakrory, 1994). However, this
ganglion is absent in Mustelus among fishes
(McKibben, 1914), rarely found in urodele
amphibians and is not represented in some
mammals (Griineberg, 1973).

The connection of the vomeronasal
nerve fibres with the vomeronasal organ
from one hand and with the accessory

B olfactory bulb on the other hand met with
Fig. 8. Showing the passage of the nervi terminalis  in the present study, is the case found in
and vomeronasalis ventromedial to the olfactory bulb  the snakes described by Hegazy (1976),
(OL.B). Mostafa (1990), Abdel-Kader et al., (2000),
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El-Ghareeb et al. (2004) and Dakrory and Mahgoub (2009) and also in the lizards studied
by Dakrory (2005), El-Ghareeb (1997) and Shamakh (2009). According to Bellairs (1950),
this condition seems to be a common character in Rhynchocephalia and squamates.

The vomeronasal nerve, Jacobson’s organ and the accessory olfactory bulb are not
represented in the chelonians and crocodilians among reptiles (Jollie, 1968), Romer and
Parson (1985) and in all birds (Soliman et al., 1986). Among mammals, these structures are
lacking in many bats, in various aquatic forms as in whales, some carnivores, and in man
and other higher primates as maqaque (Crosby and Humphery, 1939; Mann, 1961; Jollie,
1968; Bhatnagar and Kallen, 1974). There is a concept which has been accepted among
morphologists that the accessory olfactory bulb (vomeronasal formation) is apparently
restricted to animals having a vomeronasal organ.

Conclusion

Two nerves emerge from the vomeronasal organ which is part of the olfactory
apparatus. They are the terminal and vomeronasal nerves that arise in combination. The
terminal nerve has scattered ganglionic cells which represent the ganglion terminale.
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