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Prenatal Development of Incisors in the Egyptian Buffalo (Bos bubalis)
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ARTICLE HISTORY ABSTRACT

Received: 13.02.2020 Objective: The teeth play important roles in food mastication, prehension and defense
against predators. Although several studies demonstrated the development of teeth in
Revised: 19.05.2020 different mammalian species, no data are, to our knowledge, available in Egyptian
buffalos. Therefore, the present investigation was conducted to study the develop ment
of incisor teeth in buffaloe.
Design: Descriptive study.

Animals: seventeen buffalo embryos and fetuses of both sexes were used. Their crown

Accepted: 20.05.2020

vertebral rump lengths (CVRL) ranged from 2 to 46 cm (equivalent to 38 - 177 days old).
Procedure: Embryos and fetuses were fixed in 10% neutral buffered formalin and
decalcified by 14% EDTA solution for several weeks. The samples were dehydrated,
cleared and embedded in paraffin wax using standard techniques. Sections were cut on
Leitz microtome and mounted on uncoated slides. For general histological structure, a
selection of slides was routinely stained with haematoxylin—eosin and examined by the
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light microscope.

Result: The present study reported for the first time that the prenatal development of
incisors in buffalo passes through three sequential stages: the bud, cap and bell stages.
Although each stage was easily differentiated based on its form and its distinct
developmental features, the three stages were overlapped with each other's. Generally,
the bud stage was observed in 11 cm CVRL buffalo fetuses, meanwhile the cap and bell
stages were detected in 23 cm and 30 cm CVRL fetuses respectively.

Conclusion and clinical relevance: These results can be used as inductive index for

determination of the ages of buffalo embryos and fetuses.

Keywords: Buffalo, Incisors, Morphogenesis, Teeth.

1. INTRODUCTION

The teeth are white to yellowish-white structures
implanted inthe bony alveoli of the jaws. They represent about
20% of the surface area of the mouth and playimportant roles
in food mastication, prehension and defense against predators
[1-4].

Based on their time of appearance during development,
the teeth of domestic mammals are referred to either
deciduous or permanent teeth. The deciduous teeth are
temporary structures andappear duringearly life. Thes e teeth
arereplacedlaterin life by the permanent teeth. Teeth are also
categorized according to their form and position within the oral
cavity into incisors, canines, premolars and molars. The incisors
arechisel-shapedteeth locatedinthe frontal part of the dental
arch. The premolars and the molars have flat surfaces and
constitute the sides of the dental arch. The canines have
pointed surface and, when present, are interposed between
theincisors and the premolars [1, 5, 6]. All types of teeth share
a basic histological structure consisting of enamel, dentin and
cementum [7-9].

The incisor dental formula differs among domestic
animals. Inhorse, pig, dog andcat, the formulae are: 2( Di z) =

12 and 2( IZ) =12, while in ox, sheep and goat are : 2( Di %) =
8and 2( I% ) = 8,where Di is deciduous incisors and | is
permanentincisors [6].

Tooth development or odontogenesis is widely agreed to
occurinthree sequential stages; the bud, cap and bell stages
depending onthe form ofthe epithelial enamel organ, whichis
a portion of the growing tooth [10-12]. Although, the
odontogenesis were studied in different mammalian species
including sheep [13],equine [14], rabbit [15], guinea pig [16],
rat [17], mouse [18, 19] and human [20], the information
about the teeth development in Egyptian buffalos is yet
preliminary and inadequate. Therefore, this study was carried
out to shed light on the development of incisor teeth in
Egyptian buffalos.

2. MATERIAL AND METHODS
2.1. Animals

The presentstudywas carried out on 17 buffalo embryos
and fetuses of both sexes. Their crown vertebral rump lengths
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(CVRL) ranged from 2 to 46 cm (= 38-177.5daysold). These
embryos and fetuses were collected from El-Mansoura
slaughterhouse immediately after evisceration and from the
aborted and the premature-birth fetuses on the veterinary
field by personal communication. The ages of the collected
buffalo embryos and fetuses were estimated by the formula
given by Abd El-Raouf et al. (1968) [21]. The details of
samples usedinthe presentstudyare summarizedin table 1.

2.2. Histological analysis

Embryos andfetuses werefixed in 10% neutral buffered
formalin. The specimens were decalcified in 14% EDTA
solution for several weeks. The samples were dehydrated,
cleared and embedded in paraffin wax using standard
techniques. 5 pm thickness sections were cut on Leitz
microtome, mounted on uncoated slides, and stained with
Ehrlich’s Heamatoxylin and Eosin. All tissue processing and
staining were adopted according to Suvarna etal. (2018) [22].
The prepared specimens were examined by the light
microscope and representative images were captured using
digital camera.

2.3. Nomenclature

The nomenclature used in the present study were
adopted according to Nomina Anatomica Veterineria (2012)

[23], Nomina Histologica Veterineria (2018) [24] and the
available literatures.

Table 1. Embryos and fetuses used in the presentstudy

Serial number CVRL (cm) Age (days)
1 38
2 6 56
3 10 74
4 11 78
5 12 83
6 14 92
7 16 101
8 18 110
9 19 114
10 21 121
11 23 125
12 26 132
13 30 141
14 32 146
15 39 161
16 43 170
17 46 177
3. RESULTS

In 2 cm CVRL buffalo embryos, primordia of the incisors
appeared as thickened areas at the primary epithelial band.
Theseareas were microscopically formed of several layers of
undifferentiated epithelial cells and repres ented the first sign
of odontogenesis in buffalo (Figure 1. A).

In 11 cm CVRL buffalo fetuses, the teeth development
appeared more progressed compared to 2 cm CVRL embryos.

Mans Vet Med J 21:3 (2020) 80-84

The distal end of dental lamina seemed wider and more
flattened to formthe tooth bud. Suchbud composed of large
number of condensed epithelial cells and was easily
demarcated from the larger and less condensed vestibular
lamina (Figure 1. B).

In 21cm CVRL buffalo fetuses, the developing tooth
achieved dramatic changes and appeared in cap stage. The
cap-shaped tooth was formed of an enamel organ and
underlying dense mesenchyme. The enamel organ was
differentiated into three layers: the outer enamel epithelium,
the inner enamel epithelium and the stellate reticulum. The
outer and inner enamel epithelia was composed of cuboidal
to columnar epithelium. The stellate reti culum was consisted
mainly of polygonal lightly stained epithelial cells. The tooth
mesenchyme appeared condensed and was seen invading
the concavefreeend of theenamel organto formthe future
dental papilla. The rest of surrounding mesenchyme will form
the presumptive dental follicle. It is noteworthy that, at this
stage of development the permanent tooth bud was also
detected evaginating from the dental lamina near the
attached end of the enamel organ (Figure 1. C).

In 30 cm CVRL buffalo fetuses, the developing tooth
appearedintheearly bell stage. Thedental lamina appeared
completely disintegrated. The mesenchyme of the dental
papilla became denser and the stellate reticulum of the
enamel organappearedvacuolated giving the typical stellate
appearance of this part. The outer enamel epithelium was
cuboidal while the inner enamel epithelium was columnar
(Figure 1. D, E).

In 39 cm CVRL buffalo fetuses, the tooth achieved more
growth and reached the late bell stage. The dental papilla
was elongated, pointed and came in contact with the outer
enamel epithelium and appeared more vascularized and
transformed into tooth pulp. The inner enamel epithelium
differentiated into the ameloblasts and was darkly stained
possibly due to the immense production of enamel at this
stage. The most outer layer of the tooth pulp differentiated
into cuboidal or low columnar epithelium to form the
odontoblasts. Thelatter cells appeared lightly stained due to
dentin secretion (Figure 1. F, G).

In46 cm CVRLbuffalofetuses, tooth crown acquired the
final shape where it became more elongated, compressed,
and formed about two third of the tooth length. The dentin
was also thick being thicker proximally while its thickness
decreased downward till fads out at the level of the tooth
cervix. Enamels was highly dense and thick at the proximity
of the crown and became thin distally. Tooth pulp was narrow
along the length of the tooth crown whereas it tapered
proximally forming very narrow strip at the crown summit
(Figure 1. H). The appearance of the developing buffalo
incisors and their mineralization pattern at 46 cm CVRL is
shown in Figure 1.l

4. DISCUSSION

The presentstudy revealed that, the teeth development
of the growing buffalo fetuses followed a certain pattern of
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sequential developmental changes where their growth organ.Thisobservationis coincided with statement of Catdn
occurs in three subsequent stages: the bud, cap and bell etal. (2009) in mouse fetuses [10].
stages depending on to the form of the epithelial enamel

Figure 1. Different stages of incisor teeth development in buffalo. A- Light photomicrograph of buffalo embryo head 2 cm CVRL, showed the lower jaws exhibiting
the oral epithelium (OE) with an epithelial thickening of the primary epithelial band (intersect), note upper jaw (arrowhead). H&E stain. B- Light photomicrograph
of buffalo fetus head 11 cm CVRL, showed thickened (*) oral epithelium (OE), dental lamina (DL), tooth bud (TB) and vestibular lamina (VL). H&E stain. C- Light
photo micrograph of buffalo fetus head 21 ¢cm CVRL, showed dental lamina (DL), enamel organ (EO) with an outer enamel epithelium (arrow head), stellate
reticulum (asterisk), inner enamel epithelium (arrow), dental papilla (DP), dental follicle (DF) and permanent tooth bud (PTB). Intersect: cross section in enamel
organ (EO) enclose the dental papilla (DP). D- Light photomicrograph of buffalo embryo head 30 cm CVRL, showed the outer layer of enamel organ (arrowhead),
stellate reticulum (asterisk), inner enamel epithelium (arrow), dental papilla (DP), cervical loop (CL) and dental follicle (DF). E- Higher magnification of (D) showed,
outer layer of enamel organ (OEE) composed of cuboidal epithelium, highly vacuolated cells of stellate reticulum (SR), inner enamel epithelium (IEE) composed of
columnar epithelium with nuclei at two levels and dental papilla (DP). F- Light photomicrograph of buffalo fetus head 39 cm CVRL, showed tooth pulp (TP) appeared
more pointed and contact the outer enamel epithelium (OEE). The inner enamel epithelium differentiated into ameloblast (AB), which secret enamel (E), the most
outer layer of tooth pulp differentiated into odontoblast cells (OD) which secret dentin (D), stellate reticulum (asterisk), cervical loop (CL), outer enamel epithelium
(OEE) and inner enamel epithelium (IEE). G- Higher magnification of (F), the developing tooth showed tooth pulp (TP), odontoblast (OD), dentin (D), ameloblast
cells (AB), enamel (E), stellate reticulum (asterisk) and stratum intermedium (SlI). H- Light photomicrograph of buffalo fetus head 46 cm CVRL, showed tooth pulp
(TP) appeared more elongated and narrower, ameloblast (AB) and odontoblast (OB) close to each other distally, and separated by enamel (E) and dentin (D)

proximally, note enamel organ (EO) and dental follicle (DF). I- X-ray photograph of 46 cm CVRL buffalo fetus head showing the mineralization of the developing
incisors is evident at this stage of development (arrows).

The 2 cm CVRL (about 38 days-old) buffalo embryo odontogenesis. Such findings were alsoreported by previous
exhibited thickened areas at certain parts of oral epithelium studies in 33 days-old sheep fetuses [13]; 15 days-old rabbit
known as primary epithelial band, the first signs of fetuses [15]; 13 days-old rat fetuses [15]; 22 days-old guinea
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pigfetuses [16];11-11.5 days mouse fetuses [18,26]; and 37
days old human fetuses [2]. Furthermore, in6 weeks—human
fetuses the band of thickened oral epithelium was horseshoe-
shaped [33].0n other hand, in mouses fetuses the first
indication of tooth development was a condensation of
mesenchymal tissue beneath the dental epithelium [34].

The present study revealed that the dental lamina
became more developed, enlarged and deepened in the
underlying mesenchymal tissue forming the tooth bud in 11
cm CVRL (about 78.5 days-old) buffalo fetus in accordance
with that described by previous investigators in 35 days-old
sheep [13]; in 25-30 days-old guinea pig fetuses [16]; in17
days-old rat fetuses [17]and in 13 days-old mouse fetuses
[27]. However, the tooth bud of molar teeth in the albino
mouse was described as an club-shaped bulge [29].

In21cm CVRL (about 121.5 days-old) buffalo fetus, dramatic
developmental changes were prominent whereas theincisor
tooth becamein true cap stage. The tooth cap with the dense
underlying mesenchyme was differentiated into enamel
organ that was distinguished into three layers, an outer and
inner enamel epithelium with cuboidal to columnar
epithelium respectively. The third layer was stel late reticulum
and composed of polygonal lightly stained epithelium. These
findings were supported by previous reports in 15 days-old
rabbit fetuses [15]; rat fetuses [17] and human fetuses [31].
Moreover, inl5 days-old rabbit fetuses, the bud-shaped
tooth germ has enlargedvery greatly in relation to the rest of
the lamina and became as an inverted saucer [15].

In 30 cm CVRL (about 141.5 days-old) buffalo fetus, the
dental lamina was completely disappeared however, dental
papillae mesenchyme appeared more dense Moreover, the
stellate reticulum cells of enamel organappeared vacuolated
and their nuclei lodged in narrow strip of cytoplasm giving the
typical stellate appearance of the cells. The outer enamel
epithelium was cuboidal while the inner enamel epithelium
was columnar and their nuclei appeared in two levels.

In39 cm CVRL (about 161.75 days-old) buffalo fetus, the
inner enamel epithelium became more columnar and
differentiated into ameloblast which secrets the tooth
enamel thatappeared darkly stained. The most outer layer of
the tooth pulp differentiated into cuboidal or low columnar
epithelium and called odontoblast and secret dentin which
appearedmorelightly stained. These findings are concurrent
to that observed in mouse fetuses [35].

In 46 cm CVRL (about 177.5 days-old) buffalo fetus, the
odontoblast appeared low columnar with basally located
nuclei. These cells secret dentin earlier than enamel which
differentiated into lighter strip close to odontoblast called
predentin and outer dark strip is the dentin. The ameloblast
appeared more elongated than odontoblast and secrets
enamel. Such condition was correlated with that mentioned
by other investigators in fetuses of other species including
horse[14]; mouse [27] and human [25]. In addition, Tucker et
al. (2004) in mouse fetuses [27] added that
cytodifferentiationtake places withinthe bell phase of tooth
proliferation. on the contrary, Huang et al. (2010) in mouse
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fetuses [32] reported that the ameloblasts and odontoblasts
start to distinguish after the cap shape is produced. Our
findings in 46 cm CVRL buffalo fetus also revealed that the
tooth pulp became narrower and highly elongated and
pointed extending from the future incisal surface to the
future root of the tooth. The dentin was thicker proximally
and extend distally to cover about three quarter of the
devel oping tooth. Tooth enamel became more pronounced
and relatively thick and extends more distally. Stellate
reticulum was formed of very narrow strip at the middle and
nearly disappeared proximally, and still observed and huge
distally. The tooth follicle was more clear, distinguishable and
appeared fibrous

Conclusion

The present study reported for the first time that the
prenatal development of incisors in buffalo passes through
three sequential stages: the bud, cap and bell stages.
Although each stage was easily differentiated based on its
formand its distinct developmental features; the three stages
are overlapped with each other’s. The bud stage was
observed in 11 cm CVRL buffalo fetuses, meanwhile the cap
and bell stages were detected in 23 cm and 30 cm CVRL
fetuses respectively. Further studies are needed to study the
molecular mechanisms controlling the devel opment of teeth
in buffalo.
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