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ARTICLE INFO ABSTRACT

Article History Vertebrates exhibit a great variety of dental patterns, from
Received:27/5/2024 completely missing teeth to having several sets of teeth that are replaced
Accepted:28/6/2024 over the course of a lifetime. Amniotes carrying teeth unlike other
Available:30/6/2024 vertebrates have teeth only in the oral cavity and do not have pharyngeal
teeth. The majority of what we know about tooth formation comes from

Keywords: research on a small number of model organisms. Furthermore, there are
Tooth, Snake, insufficient studies in the literature that provide a detailed description of
Naja haje. Naja haje’s tooth formation at the hatching stage. Thus, we introduce this

study as a part of the descriptive work on reptilian dentition. As an
additional model, we detailed the tooth formation of a hatching Naja haje
snake by using serial sections through the head. The histology of these
sections demonstrated the histodifferentiation of both ameloblast and
odontoblast cells at different developmental stages. All stages of tooth
development; dental lamina, bud, cap, bell, implantation, and eruption have
been completed. When N. haje hatches, its teeth are fully grown and
inserted into the corresponding bones.

INTRODUCTION

Vertebrate teeth come in a wide variety of shapes and sizes from simple unicuspid
to complex multicuspid teeth; this variation allows them to take many different diets and
influence social behavior (Evans et al., 2007; Ungar, 2010). The simplest teeth are present
in many snakes, monitor lizards, and crocodiles. It may be conical in shape, cylindroconical,
flattened, or slightly bent. The most complex teeth are observed in the giant panda. The
dentition is formed as a result of interaction between epithelial and mesenchymal layers.
The participating epithelial layer may be ectodermal in origin as in the case of oral teeth of
reptiles (Buchtova et al., 2008; Cobourne et al., 2004) or endodermal as in pharyngeal teeth
in fishes and amphibians (Fraser et al., 2009; Soukup et al., 2008; Van der Heyden and
Huysseune, 2000).

All snakes have oral teeth only and they do not possess any pharyngeal teeth (Fraser
et al., 2006a; Wise and Stock, 2006). Teeth are arranged into two rows in the upper jaw and
one raw only in the lower jaw. At the upper rows; the marginal row consists of premaxillary
teeth rostrally and maxillary teeth caudally and the inner row consists of the palatine and
pterygoidal teeth. Between the marginal and the palatine teeth row, there is a deep sulcus
called the palatal groove. The single teeth row of the lower jaw is called the dentary row
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which is carried by the dentary bone (Buchtova et al., 2008).

The developing tooth proceeds through the dental lamina, bud, cap, and bell
stages. These stages occur in reptiles and are also described in mammals (Luckett, 1993).
The epithelial cells of dental lamina invaginate into the oral ectomesenchyme forming a
bud. The tooth bud transformed into a cap by the proliferation of bud cells and condensation
of mesenchyme around the dental epithelium with instructive signaling to the mesenchyme
(Kollar and Baird, 1970).

In the cap stage, the mesenchymal cells form the dental papilla, and the dental
epithelium forms a multilayered enamel organ that consists of three morphologically
different layers of cells inside the oral epithelium; the inner enamel epithelium (IEE), the
outer enamel epithelium (OEE), and the intermediate layer of stellate cells (Buchtova et al.,
2007, 2008). The IEE and OEE are associated with each other by epithelial cells of
developing cervical loops that grow down around the dental papilla (Zahradnicek et al.,
2008).

During the bell stage, the differentiation of layers occurs and the crown will is
formed. The inner enamel epithelium (IEE) forms the ameloblasts while the outer enamel
epithelium (OEE) gives rise to the successional dental lamina (Richman and Handrigan,
2011). Both of the formed odontoblasts and ameloblasts secret dentin and enamel
respectively (Richman and Handrigan, 2011).

Herein, we provide the cobra (Naja haje Linnaeus, 1758) as an example of Elapids.
N. haje (Family: Elapidae) has a body characterized by a short tail, a distinct head, and
moderate eyes with round pupils. When this snake is threatened, it raises the anterior part
of the body by flatting the neck; it is the characteristic feature of elapids (El Dine, 2006).
This species is distributed in Africa and South Asia. N. haje reaches sexual maturity after
27 months. After copulation in early summer, females can lay eggs in loose sand, abandoned
rodent burrows, and under rocks (Schleich et al. 1996). We provide the cobra (N. haje) as
an example of Naja genus for the description of developing teeth at the hatching stage.

MATERIAS AND METHODS

A mature gravid female was obtained for the study after copulation, and the
fertilized eggs were carefully gathered and chosen to be incubated in plastic boxes filled
with perlite that had been vented and wet. At hatching, embryos were removed from the
eggs. Using forceps, the embryos were extracted from the surrounding extra embryonic
membranes after the eggs were opened in Petri dishes containing phosphate-buffered saline
(PBS).

Newborn specimens were then preserved in paraformaldehyde (4%). After that, the
specimens were cleaned (in PBS) and dried using a series of ascending ethanol
concentrations. Before being sectioned, samples were cleared in xylene (Sigma-Aldrich),
infiltrated, and embedded in paraplast. Samples were cut frontally and sagittally. The
sections were 7-9 um thickness using Slee Cut 5062 microtome. Some Sections were
stained in hematoxylin and eosin (Sigma-Aldrich) and others in Mason’s trichrome.

Two times xylol was used to deparaffinize paraffin sections. Sections were hydrated
using descending concentrations of ethanol series up to H20. Some Sections were stained
in hematoxylin and eosin (Sigma-Aldrich) and others in Mason’s trichrome. After staining,
the sections were mounted in DPX (Sigma-Aldrich) and the slides were covered after being
dried using increasing ethanol concentrations.
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RESULTS

The serial sections showed that the teeth of N. haje at hatchling are established in
two rows in the upper jaw and one row in the lower jaw. All teeth in the upper and lower
jaws are unicuspid, conical in shape, and directed backward. The results showed full
formation of teeth. All stages of tooth development (dental lamina, bud, cap, and bell) had
been completed. The histodifferntation of cells that occurred in the bell stage is
demonstrated. The cells that formed the enamel (ameloblasts) are columnar with basal and
oval nuclei, and also the polygonal odontoblasts cells that formed the dentine (Fig. 1). There
are three to four teeth generations in both the upper and lower jaws (Fig. 2). In all teeth of
the first generation, the dentin reaches the bone and the tooth becomes ankylosed to its
related bone (Figs. 3 & 4).

Fig. 1: Sagittal section of hatchling in N. haje shows histodifferentation of cells; columnar
cells are ameloblasts that forming enamel and polygonal cells are odontoblasts that forming
dentine. Abbreviation; d: dentine, en: enamel, 0: odontoblasts & a: ameloblasts.
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Fig. 2: frontal section of hatchling in N. haje, shows different generations of teeth.
Abbreviation; g1, g2, g3 &g4 are the four generations of teeth.

Fig.3: Sagittal section of hatchling in N. haje shows the implantation of palatal teeth and its
direction. Abbreviation; p: palatal bone, d: dentine.
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Fig. 4: sagittal section of hatchling in N. haje shows, the dentery teeth.

DISCUSSION

As we know tooth development results from interaction between the oral ectoderm
and neural crest-derived mesenchyme with epithelial instructive signal (Lumsden, 1988;
Mina and Kollar, 1987). The tooth-forming region forms the odontogenic band within the
dental epithelium. In squamates (snakes and lizards), this band is homogeneous along tooth
row length. After that, this band increases in thickness and forms the dental lamina, a simple
ribbon of epithelial cells that grow inside the neural crest-derived mesenchyme (Buchtova”
et al., 2008; Handrigan and Richman, 2010a). After the earliest stages of the odontogenic
band and fully formed dental lamina, the tooth germ passes through the bud, cap, and bell
stages. These stages occur in reptiles and are also described in mammals (Luckett, 1993).
During the bell stage, odontoblast cells start in dentin formation (Richman and Handrigan,
2011). This histological study has shown that the tooth of the hatchling N. haje snake
completed its developmental stages. The morpho-differentiations of inner enamel
epithelium and mesenchymal cells that occurred at the bell stage are completed and shown
in tooth formation. The columnar cells of ameloblasts and the polygonal cells of
odontoblasts are demonstrated. The formation of the two main hard tissues of the tooth,
enamel and dentin, is done. The dentin of the first generation reaches the bone and the tooth
becomes ankylosed to its related bone. Implantation of a tooth in the corresponding bone is
a late stage in tooth development. There are three to four tooth generations at the hatching
stage. This was also found in the python (Buchtova et al., 2007). According to this study,
the hatching of N. haje has unicusped and a conical tooth, which verifies earlier findings
(Vaahtokari et al., 1996) and helps us understand how they differ from multicusped
mammalian teeth in having a simpler conical shape.
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