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ABSTRACT 

The present work attempted to provide a comprehensive description of the morphoanatomical, 

histological, and ultrastructural characteristics of the tongue in the desert hedgehog (Paraechinus 

aethiopicus), and to correlate lingual modifications to the feeding lifestyle. Five adult male 

hedgehogs were utilized in our investigation. The macroscopic observations revealed elongated, 

with a moderately pointed apex, tongue and the tongue dorsum lacks both lingual prominence and 

median sulcus. The main subdivisions of the tongue are radix linguae (root), corpus linguae (body), 

and apex linguae (apex). The tongue dorsum carries two types of mechanical (conical and filiform) 

and gustatory (fungiform and circumvallate) papillae. The lingual apex is characterized by the 

existence of a unique encapsulated muscular structure. Additionally, the lingual glands were 

interposed between the muscular strands and no lingual glands were detected on the lingual apex. 

The dorsal surface of the lingual apex exhibited the highest level of keratinization as revealed by 

histochemical staining while the root showed moderate staining. The topography of the tongue 

was investigated by scanning electron microscopy (SEM). The obtained results are important to 

provide basic knowledge that can contribute to better understanding of the nourishment, feeding 

habits and behavior in this species. Furthermore, the addition of the newly investigated species 

may help us to determine the evolutionary relationships among species. 

Keywords: Desert hedgehog; Tongue adaptation; Feeding habit; Keratinization; Lingual papillae. 

1. INTRODUCTION 

The animal feeding mechanism is an essential factor in determining the adaptation of an individual 

to the surrounding environment to maximize survival chances (Goodarzi & Azarhoosh, 2016). The 

tongue is the key player in this mechanism as it facilitates food processing and manipulation inside 
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the buccal cavity (Hiiemae & Crompton, 2013; Sakr, 2022). It also contributes to chemical 

perception due to the existence of taste receptors embedded in the lingual epithelium (Dando et 

al., 2015), and may participate in the vocalization and grooming of the body (Levin & Pfeiffer, 

2002). It is generally known that there is a direct connection between the anatomical features of 

the tongue and feeding preferences (M. M. A. Abumandour & El-Bakary, 2017; Massoud & 

Abumandour, 2020). Hence, the mammalian tongue exhibits great diversity among species. It 

differs mainly in shape, length, lingual glands, and the type of papillae that covers the dorsal 

epithelium. Although this variation is highly remarkable at different taxonomic levels, inter- and 

intraspecific variations are also frequently noticed (Gregorin, 2003). 

Anatomically, the tongue of mammals is a highly movable organ that rests on the floor of the 

buccal cavity (Pastor et al., 2021). The mobility of the tongue is connected to the presence of both 

extrinsic and intrinsic muscle bundles as well as a dense innervation of the overlying mucosa 

(Merlino et al., 2022). The tongue dorsum is shielded by squamous striated epithelium (Gewily et 

al., 2021). In between, the lingual papillae are intercalated and their type and location are subject 

to great variation depending on the nature of the foodstuffs the animal consumes (Sadeghinezhad, 

Tootian, & Javadi, 2018). Functionally, there are two primary types of lingual papillae, gustatory 

and nongustatory (M. M. Abumandour & El-Bakary, 2013). The gustatory papilla encloses taste 

buds which contain taste cells that transfer chemical signals to the central nervous system (CNS). 

The nongustatory papillae may protect the tongue surface from abrasion during feeding against 

hard food materials (Igbokwe & Mbajiorgu, 2019). Therefore, their distribution and structure are 

of great importance in understanding the feeding habits (Mahdy, Abdalla, & Mohamed, 2021).  

Mammals are an important partner in all ecosystems and play a crucial role in biological balance 

and sustainability (Altaf et al., 2023). Hedgehogs are small mammalian species with spiny coats 
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and tiny eyes. Hedgehogs belong to the family Erinaceidae and their populations are widely 

distributed in Europe, Africa, and Asia (Bazm, Goodarzi, Abumandour, Naseri, & Hosseinipour, 

2020). The Desert hedgehog (Paraechinus aethiopicus) is a nocturnal  animal with a weight ranges 

between 280 and 510 g. It is frequently seen in arid and semiarid deserts because of its ability to 

adapt to the harsh environmental conditions (Massoud, 2020). It has been documented in the 

Middle East and North African deserts. In the Arabian Peninsula, it inhabits many localities except 

for the Hijaz/Asser mountains (Alagaili, Bennett, Mohammed, & Hart, 2017). Several 

investigations have discussed the lingual morphoanatomy and feeding habits in small mammals, 

including hedgehogs (Akbari, Babaei, & Hassanzadeh, 2018; Cizek, Hamouzova, Goździewska-

Harłajczuk, Klekowska-Nawrot, & Kvapil, 2020). For instance, The Ethiopian hedgehog has an 

insectivorous feeding lifestyle and mainly consumes insects and small invertebrates (Mohamed, 

2021).  The tongue topography and microanatomy of P. aethiopicus have not been examined yet 

and there is no information discussing the lingual adaptation to feeding habits in thit species. 

Hence, the current work was designed to explore morphoanatomical, histological, and 

ultrastructural characteristics of the tongue in P. aethiopicus, and to correlate lingual modifications 

to the feeding lifestyle. 

2. MATERIALS AND METHODS 

2.1. Collection site and animal handling 

Five adult male desert hedgehogs (P. aethiopicus) were included in this investigation. The animals 

were collected from the rural area surrounding Sakaka, (Aljouf, Saudi Arabia; 29°54'29.0"N 

40°12'14.5" E) during the spring season (March – June) where the animals become active after the 

long period of hibernation during the winter. The current work was approved and conducted under 

the guidelines of the local Committee of Bioethics at Jouf University (No. 6/08/44). Physical 
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examination was carried out to ensure that all collected animals were healthy. The maturity of the 

animals was also checked by recording the body weight which ranged between 450 and 520 gm. 

The animals were anesthetized and tongues were excised and immersed in the appropriate fixative 

for microscopic and macroscopic analysis.  

2.2. Gross anatomy 

The excised tongues were assessed macroscopically using a Boeco stereomicroscope. The length 

and width of the tongue and its three main subdivisions were measured. The macroscopic 

measurements were obtained from digital photos captured by the microscope supplied with the 

camera. The measurements were recorded and expressed as the means ± standard deviation (SD). 

2.3. Tissue processing 

For light microscopic investigations, the excised tongues were immersed in Serra's fixative 

(ethanol, formalin, and glacial acetic acid mixed 6:3:1 by volume) for 48 h at 4°C. The tissue 

samples were dehydrated in a graded series of ethanol and clearing was performed through three 

changes of xylol for 20 min each, and the last change was performed in an oven at 59°C. The 

samples were embedded in paraffin wax with a melting point of 59°C overnight. Six hours later, 

the samples were oriented vertically in paraffin wax. Using a Leica Biosystems RM 2155 

automated microtome, 7 µm thick sections were cut. 

2.4. Histological and keratin examination 

The sections were dewaxed in xylol and hydrated in a descending alcohol series. Thereafter, the 

sections were stained with hematoxylin for 15 min followed by washing and blueing in running 

water. The intensity of staining was adjusted, and the excess staining was removed using 1% acid 

alcohol. Counterstaining was performed using 1% eosin for 60 sec and the sections were then 
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dehydrated using an ascending series of alcohol, cleared in xylol for 10 min, mounted in DPX and 

covered with coverslips. 

The extent of keratinization was investigated in the main subdivisions of the tongue as previously 

described (Ayoub, 1963). The sections were deparaffinized, rehydrated, washed in tap water for 

10 min and then immersed in 5%  acid-fuchsin solution for 3 min. The sections were then incubated 

in aniline blue and orange-G solution for 30 min, dehydration, cleared, mounted in DPX and 

covered.  

Digital micrographs were utilized to measure the total thickness of the lingual epithelium and 

correlate it to the keratinized layer. The thickness was recorded at regular intervals in the tongue 

regions using ImageJ. Ten measurements perpendicular to the surface were used to calculate the 

mean thickness of the three sections. 

2.5. Scanning Electron Microscopy (SEM) 

Two of the five tongues were rinsed in 0.1 M phosphate buffer (pH 7.2) and then fixed in 2.5% 

glutaraldehyde for 24 h. Sodium tetroxide (1%) was used for postfixation for 2 h at 4°C. The fixed 

samples were washed once more in 0.1 M phosphate buffer, dehydrated in increasing grades of 

ethanol followed by critical drying in liquid carbon dioxide. Each specimen was mounted on an 

aluminum stub covered with carbon tabs. The prepared specimens were examined and 

photographed using JEOL SEM. 

3. RESULTS 

3.1. Macroscopic examination 

P. aethiopicus tongue appeared to be elongated with a moderately pointed apex and can move 

freely for food capture. The optical observations showed that there was no lingual prominence 
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detected on the tongue dorsum (Fig. 1). The lingual root is characterized by the existence of two 

lateral ridges on both sides and the median sulcus was not observed. The tongue consists of the 

root (radix linguae) (Fig. 1A), the body (corpus linguae) (Fig. 1B), and the free apex (apex 

linguae) (Fig. 1C). A variety of lingual papillae were found on the tongue dorsal epithelium. 

Filiform papillae were very common with fungiform types scattered among them. The tongue root 

carried distinct circumvallate papillae arranged in the three corners of a triangle, two lateral and 

one located at the pharyngeal entrance (Fig. 1A). A frenulum situated at the corpus radix border 

connects the ventral side of the tongue to the mandible. Morphometric analysis of the tongue 

revealed that it measures 3.11 ± 0.19 cm in length and 0.78 ± 0.08 cm in width at the apex and 

broadens toward the radix to record 1.28 ± 0.11 cm. The width of the lingual body was found to 

be 1.1 ± 0.13 cm. 

3.2. Microscopic observations 

Histological analysis of the tongue sections stained with hematoxylin and eosin (H&E) revealed 

that the architectural arrangement of the tongue can be categorized into three distinct layers; 

mucosa, submucosa, and muscular layer, which ran from the outside to the inside. The tongue 

dorsum has an outer covering consisting of stratified squamous epithelium (Fig. 2). A highly 

keratinized layer protected the underlying epithelium and connective tissue cores, especially in the 

lingual body and apex (Fig. 2B & C). In between, numerous forms of lingual papillae of both types 

(mechanical and gustatory) were dispersed. On the dorsal surface, filiform, conical, fungiform, 

and circumvallate papillae were distinguished. Filiform papillae with multiple spikes were the 

most noticeable kind. Conical-shaped papillae existed in the lateral margins of the lingual body 

and the spaces between three circumvallate papillae (Fig. 3A & B). The lingual apex and body 

were the only locations where the filiform type existed. The circumvallate papillae had a discoid 
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shape and existed only on the radix linguae (Fig. 2A). These types of papillae were characterized 

by their large form and well-observed circumpapillary sulcus that encircled them completely (Fig. 

2A). Numerous taste buds were found on the papillae lateral wall, near the circumpapillary sulcus 

and a stratified squamous thinly cornified epithelium covered them. The fungiform papillae were 

dispersed along the three subdivisions of the tongue. Taste buds in this form of papillae were 

primarily found in the apical region of the papilla rather than on its lateral surfaces. The lingual 

papillae were invaded by a core of connective tissue in which numerous blood vessels are located. 

Foliate papillae were not recognized in this species. The lamina propria was a loose connective 

tissue layer that invaded the core of the lingual papillae and was found just beneath the lingual 

epithelium (Fig. 2B & C). 

The submucosa consisted of a connective tissue layer containing blood and nerve supply. The 

tongue appeared highly muscular and very rich with numerous skeletal bundles that run in all 

directions (Fig. 3). Underneath the connective tissue layer is a thick core of striated muscles 

consisting of longitudinal and transverse muscle strands. The lingual apex is characterized by the 

presence of a pear shaped encapsulated structure consisting of transverse muscle bundles and a 

base of longitudinal muscle fibers (Fig. 3C). The lingual glands were intercalated between the 

skeletal muscles and were not detected in the lingual apex (Fig. 3C). The glands were detected in 

the lingual body and existed only toward the ventrolateral boundaries just beneath the non-

keratinized squamous epithelium (Fig. 3B). The gland population with serous secretions (Von 

Ebner's glands) increased intensively at the lingual root toward the pharyngeal entrance and took 

a superficial position, especially under the circumvallate papilla (Fig. 3A). 

The histochemical determination of tongue keratinization was performed using Ayoub-Shklar 

staining  (Fig. 4). The tongue dorsum is characterized by the existence of stratified squamous 
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epithelium that is intensely keratinized. The filiform papillae-covering epithelium exhibited the 

highest level of keratinization, but keratinization exists also in the epithelium positioned between 

the papillae, making the entire epithelium on the dorsal side of the tongue highly keratinized. The 

radix linguae were covered with a very thin keratinized layer, especially on the dorsal surface of 

the circumvallate papilla (Fig. 4A). The corpus linguae and apex linguae were intensely stained, 

reflecting a higher extent of keratinization (Fig. 4B & C), whereas the ventral side of the tongue 

displayed a moderate degree of keratinization of the epithelium. 

3.3. Ultrastructure examination 

SEM analysis of the dorsal epithelium of the tongue of P. aethiopicus enabled us to identify and 

differentiate the main types of papillae. Filiform papillae were abundant on the lingual mucosa and 

dome-shaped fungiform papillae were dispersed among them (Fig. 5). At high magnification, the 

filiform type carried two or three flattened spikes with desquamating scales on the dorsal surface 

(Fig. 5C). The enlarged portion of the fungiform papilla exhibited a dorsal taste pore on the dorsal 

surface surrounded by a papillary ridge and the stratified scales exhibited desquamation (Fig. 5D). 

The radix linguae revealed three circumvallate papillae positioned on the three corners of the 

triangle with conical papillae in between (Fig. 6A). The conical-shaped papillae had multiple 

projections (Fig. 6 B). At higher magnification, the circumvallate papillae and several openings of 

the lingual glands were identified (Fig. 6C). A distinct complete shallow groove was observed, a 

circumferential groove, an annular pad surrounding the papilla, and several taste pores were also 

recognized on the apical surface of the papilla (Fig. 6C). 

3.4. Morphometric analysis 
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The morphometric measurements of the thickness in the total tongue epithelium vary greatly in 

the three main subdivisions as shown in Table 1. Comparing the lingual apex to the lingual body 

and lingual root, the lingual apex had the thickest epithelium. Additionally, the thickness in the 

keratinized epithelium for the three subdivisions was measured. The lingual apex exhibited the 

greatest degree of keratinization (Table 1). 

4. DISCUSSION 

The current study described the lingual topography of the desert hedgehog (P. aethiopicus) using 

histological, histochemical, and ultrastructral approaches to link the feeding habits to the tongue 

architecture. The morphometric and anatomical analyses of the tongue permit better understanding 

of the functional microanatomy of the alimentary canal in various vertebrates. The proper 

manipulation of foodstuff in the stomach and intestine of a particular species allows better 

absorption of nutrients. However, food preprocessing in the buccal cavity plays a crucial role in 

this process (Goździewska-Harłajczuk, Klećkowska-Nawrot, Hamouzová, & Čížek, 2022). The 

desert hedgehog mainly consumes insects and small invertebrates (Massoud, 2020). The 

macroscopic observations showed that there was no lingual prominence detected on the tongue 

dorsum. The emergence of this part in the tongue dorsum was detected in several species, including 

Sulawesi bear (Goździewska-Harłajczuk et al., 2022), koala (Kobayashi et al., 2003), Egyptian 

water buffalo (Farrag et al., 2022), lowland tapir (Goździewska-Harłajczuk, Hamouzová, 

Klećkowska-Nawrot, Barszcz, & Čížek, 2020), barking deer (Adnyane, Zuki, Noordin, & 

Agungpriyono, 2010), Wistar rat (Huțanu et al., 2022) and Nile grass rat (Massoud & 

Abumandour, 2019). It appears that the existence of lingual prominence is closely linked to 

herbivorous feeding habits to grind grass and hard food materials against the hard palate and crush 

teeth (Haggag, Mahmoud, Salem, & AbuBakr, 2020). Additionally, the median sulcus was not 
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observed in the desert hedgehog. A similar observation was recorded in the long-eared hedgehog 

(Massoud & Abumandour, 2019), Brandt’s hedgehog (Goodarzi & Azarhoosh, 2016), and the 

African pygmy hedgehog (Cizek, Hamouzova, Goździewska‐Harłajczuk, Klekowska‐Nawrot, & 

Kvapil, 2022). However, it was recorded in rodents (Davydova et al., 2017), Nile grass rat 

(Massoud & Abumandour, 2019), agouti (Ciena et al., 2013), Pampas deer (Erdoğan & Prez, 

2013), and Persian squirrel (Sadeghinezhad et al., 2018). It appears that this feature is very 

common in plant-eating habituated animals (Massoud & Abumandour, 2019). Therefore, the 

tongues of members of the family Erinaceidae generally lack the median sulcus and lingual 

prominence which seems to be a conserved feature of that family. Additionally, the lingual root is 

characterized by the existence of two lateral ridges on both sides. This feature was also documented 

in the long-eared hedgehog (Parchami, Salimi, & Khosravi, 2018). The existence of these folds 

may help prevent saliva accumulation in the buccal cavity and facilitate its flow toward the 

pharyngeal entrance. 

Similar to other mammals, the tongue dorsum of the desert hedgehog carries numerous forms of 

mechanical and gustatory lingual papillae. The mechanical forms were represented by the conical 

and filiform types. The filiform type may be simple, bidentate or multidentate. The spines are tilted 

posteriorly toward the pharyngeal entrance to facilitate food processing, chewing, and aboral 

shifting of the food (Akbari et al., 2018). The spines of the filiform papilla have been suggested to 

be related to facilitating the movement of foodstuffs and retaining them inside the buccal cavity 

by increasing friction (Taiwo et al., 2009). The gustatory types were represented by the fungiform 

and circumvallate types. The dome-shaped fungiform appears to be distributed densely on the 

lingual apex and body between the filiform papillae. While the lingual root was devoid of the 

fungiform type, similar observations were recorded in the long-eared hedgehog (Parchami et al., 
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2018). Similar papillary arrangements were reported in rabbits even though they are herbivores 

(Beraldo-Massoli et al., 2013). The spatial distribution of fungiform papillae varies among 

mammalian species. In gerbils, it is distributed on the lingual body and root, while the lingual apex 

lacks it (Grandi, Arcari, & Azalli, 1994). In ocelots, fishing cats, and leopards, fungiform papillae 

are densely distributed on the lingual apex (Freire et al., 2019). It is assumed that the spatial 

arrangement of this type of papilla is not correlated with the nature of the food ingested. No foliate 

type was recognized in our investigation. Similarly, foliate papillae were not recognized in 

Brandt’s hedgehog and the long-eared hedgehog (Goodarzi & Azarhoosh, 2016; Massoud & 

Abumandour, 2019), Javan mongoose (Kusuma et al., 2022), common opossum (Okada & 

Schraufnagel, 2005), and ocelot (Freire et al., 2019). 

The circumvallate papillae, on the other hand, were found only on the lingual radix. Similar 

findings were reported in other hedgehogs (Cizek et al., 2022; Massoud & Abumandour, 2019). 

They were three in number and arranged in the corners of a triangle. Previous studies reported that 

the number of circumvallate papillae varies among species depending on the nature of food 

materials that animals consume (M. M. A. Abumandour, Morsy, & Elghoul, 2022; Akbari et al., 

2018; Nasr, Gamal, & Elsheikh, 2012). It was not recognized in guinea pigs and has the foliate 

type instead (Kobayashi, 1990), single in rats (Humphries, Seow, Danee, Ness, & Warburton, 

2023), two in the bamboo rat (Wannaprasert, Phanthuma‐opas, & Jindatip, 2020), three in most 

carnivores such that documented in the Javan mongoose (Kusuma et al., 2022), opossum [54], two 

in silver fox (Freire et al., 2019), two in insectivorous bats (Massoud & Abumandour, 2020), and 

three in the fruit-eating bat (M. M. Abumandour & El-Bakary, 2013). The ruminants such as goats, 

sheep, and cattle, possess greater numbers ranging from 12-18, 18-24, and 16-34, respectively 

(Selim & Samir, 2018). In the family Erinaceidae, three were found in the European hedgehog 
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(Akbari et al., 2018), the lesser hedgehog tenrec (Cizek et al., 2020), Brandt’s hedgehog (Goodarzi 

& Azarhoosh, 2016), the African pygmy hedgehog (Cizek et al., 2022), and the long-eared 

hedgehog (Massoud & Abumandour, 2019). In our study, the same number of circumvallate 

papillae were recognized. The fungiform and circumvallate papillae contain numerous taste buds 

that aid in taste perception (Hino et al., 2022). 

Both microscopic and ultrastructural analyses revealed that the lingual papillae could be 

differentiated according to their function. The mechanical and the gustatory represent the main 

forms and similar arrangement was recognized in several mammalian species such as the European 

hedgehog (Akbari et al., 2018), Horsfield’s tree shrew (Gartiwa et al., 2021), the gray mongoose 

(Al-Arubaye, 2022), the Egyptian long-eared hedgehog and the Nile grass rat (Massoud & 

Abumandour, 2019), Wistar rat (Huțanu et al., 2022), common opossum (Okada & Schraufnagel, 

2005), the Egyptian fruit bat and the Egyptian tomb bat (El-Mansi, Al-Kahtani, & Abumandour, 

2019), lowland tapir (Goździewska-Harłajczuk et al., 2020), African pygmy hedgehog (Cizek et 

al., 2022), rakali and the greater stick-nest rat (Humphries et al., 2023). Fork filiform papillae 

carrying two or three spines were described previously in other hedgehogs, including the long-

eared hedgehog (Massoud & Abumandour, 2019) and Brandt's hedgehog (Goodarzi & Azarhoosh, 

2016). However, this type of papilla was also recorded in other insectivorous mammals unrelated 

to hedgehogs such as anteater (Casali et al., 2017), Laxmann's shrew (Park & Lee, 2009), and 

Japanese shrew-mole (Kobayashi et al., 2003). On the other hand, the conical-shaped papillae of 

the desert hedgehog were distributed on the distal part of the tongue in the small triangular area 

between the linguae radix inbetween the three circumvallate papillae, while the distal part was 

devoid of that type. Similar observations were reported in the lowland paca (Beraldo-Massoli et 

al., 2013), leopard (Sadeghinezhad, Sheibani, Memarian, & Chiocchetti, 2017), and ocelot (Freire 
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et al., 2019). However, the conical-shaped papillae in desert hedgehogs undergo numerous 

processes and this feature is unique and has not been described before. Previous reports speculated 

that the conical shape papillae may be considered a structural modification of the filiform type that 

exists on the caudal region of the tongue (Freire et al., 2019). Further investigation on this type 

may be required to know more about the ontogeny and its correlation to the feeding habit. Some 

reports claimed that this position protects the oral mucous membrane from mechanical injury and 

prevents the retraction of the processed food during its passage toward the pharyngeal entrance 

(Iwasaki, 2002; Sharma et al., 1999; Wolczuk, 2014). Conclusively, the morphological and 

anatomical differences relate to the functional role they play. 

Histochemical detection of keratinization of the tongue dorsum revealed a higher extent of staining 

in the apex linguae and corpus linguae than in the radix linguae. This feature may be correlated 

with the fact that the lingual tip is subject to a greater extent of abrasion and dehydration than the 

lingual root during food manipulation (Taiwo et al., 2009). Additionally, the filiform papillae 

exhibit dense staining when compared with the fungiform and circumvallate papillae. The greater 

extent of keratinization could reflect structural adaptation to protect the tongue dorsum against 

abrasion caused by tough food materials. Hence, the lingual surface is more suited for the 

manipulation and crushing of hard foodstuffs, such as insects and small invertebrates. The 

existence of a thick keratinized layer over the filiform papillae and the apparent loss of taste buds 

strongly suggest its mechanical role. Similar structural adaptations have been reported in the rakali 

and greater stick-nest rat (Humphries et al., 2023), the lesser bamboo rat (Wannaprasert et al., 

2020), the Javan mongoose (Kusuma et al., 2022), the Nile grass rat and the Egyptian long-eared 

hedgehog (Massoud & Abumandour, 2019). The thickness of the keratinized covering and its 

proportion to the total thickness of the tongue epithelium is the highest at the lingual apex. Hence, 



 15 
 

15 
 

the degree of keratinization in the lingual epithelium is closely related to the nature of foodstuffs 

and becomes greater in those areas particularly subjected to mechanical friction (Iwasaki, 2002). 

Consequently, it can be assumed that the anterior portion of the tongue is responsible for the 

mechanical handling of foodstuffs, while the posterior portion is responsible for taste perception. 

The lingual muscles of the desert hedgehog were composed of striated muscular bundles that ran 

in diverse directions, playing a vital role in modeling the lingual profile, as seen in other vertebrate 

mammals. It is highly adapted for food manipulation and procession inside the buccal cavity. 

Interestingly, the lingual apex is characterized by the existence of a unique pear-shaped-

encapsulated structure consisting of a transverse muscle bundle and a base of longitudinal muscle 

fibers. This feature may be related to the self-anointing behavior of hedgehogs (Akbari et al., 

2018). When an animal encounters a strange object, the animal starts to lick it, creating foamy 

salivary secretion. However, the purpose of this behavior is still unknown. Many hypotheses 

propose that this behavior is related to masking the animal's odor against predators (Massoud et 

al., 2023). Salivary glands were seen intercalated between the muscular strands. Its main purpose 

is to keep the mouth moist, lubricate food materials, and facilitate food movement and 

manipulation inside the buccal cavity. The lingual apex is devoid of salivary glands. It was situated 

on the marginal boundaries of the tongue body far from the highly keratinized lingual epithelium. 

In contrast, the lingual glands occupied a more superficial position in the tongue root just beneath 

the circumvallate papillae. The absence of the lingual gland from the tongue apex may be 

correlated to the fact that it is more susceptible to dehydration than other parts (Taiwo et al., 2009). 

The lingual glands are categorized into Weber’s glands and von Ebner’s glands. The seromucous 

secretions of Weber's glands aids in the mobility of the tongue and swallowing of hard food 

materials. Von Ebner's glands with serous secretions were found beneath the circumvallate 
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papillae, implying a role in taste perception (Anjani, Saragih, Wihadmadyatami, & Kusindarta, 

2023; Haddao & Yasear, 2018). 

5. CONCLUSION 

The current work represents the first description of the lingual anatomy and microanatomy of the 

desert hedgehog (P. aethiopicus). The tongue of desert hedgehog does not exhibit great differences 

among other members of hedgehogs. Hence, the lingual features seem to be conserved among the 

family Erinaceidae as the feeding habits are more or less the same. The obtained results are 

important to provide basic knowledge that can contribute to better understanding of the 

nourishment, feeding habits and behavior in this species. Furthermore, the addition of the newly 

investigated species may help to determine the evolutionary relationships among species. Our 

study aims to attract attention to the fauna of Saudi Arabia and provides more detailed information 

regarding the anatomical adaptation of the tongue to feeding preferences. Additionally, it may pave 

the way for the diagnosis of many pathological conditions of the tongue in this species as a 

companion animal. 
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Tables: 

Table 1. Thickness of the lingual total epithelium and keratinized epithelium in the desert 
hedgehog P. aethiopicus. Values in the table are expressed as the means and standard deviations. 

 Apex Body Root 

Total epithelium thickness 89.978 ± 6.46 74.173 ± 10.82 23.702 ± 7.09 

Keratinized epithelium thickness 65.865 ± 6.62 49.013 ± 5.9 8.655 ± 1.15 
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Figure legends 

 

Figure 1. Macroscopic observations of the tongue dorsal epithelium in the desert hedgehog (P. 
aethiopicus) showing the three main subdivisions: radix linguae (root) (A), corpus linguae (body) 
(B), and apex linguae (apex) (C). The root of the tongue carries three circumvallate papillae 
arranged in the three corners of a triangle (blue arrows). The lingual body and apex carry filiform- 
and conical-shaped papillae. The dome–shape of fungiform papillae is scattered among the dorsal 
epithelium of the three subdivisions. The lingual root is characterized by the existence of two 
lateral ridges on both sides (yellow arrows). 
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Figure 2, Photomicrograph of the histological analysis of the desert hedgehog (P. aethiopicus) 
stained with H&E showing the general architecture of the three main subdivisions: radix linguae 
(root), corpus linguae (body), and apex linguae (apex). The tongue dorsum is covered with 
stratified squamous epithelium (SQ), underneath is the underlying connective tissue layer (CT), 
and the muscular core (M). (A) The lingual root with the circumvallate papilla and surrounding 
circumferential groove (blue arrow) and the underlying Von Ebner's glands (VE). Additionally, 
the taste buds are shown in the enlarged box. (B) The lingual body carrying filiform papillae with 
numerous spikes and the invading lamina propria (green arrows). Additionally, conical-shaped 
papillae are shown on the lateral boundary (blue arrow). (C) The lingual apex with filiform papillae 
and dome-shaped fungiform papillae is also shown. 
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Figure 3. Photomicrograph of the histological analysis of the desert hedgehog (P. aethiopicus) 
stained with H&E showing the general architecture of the three main subdivisions: radix linguae 
(root), corpus linguae (body), and apex linguae (apex). (A) The tongue root with circumvallate 
papillae and conical papillae is also shown (blue arrow). the lingual glands (VE) were densely 
distributed in the lingual root and intercalated between the muscle strands. Additionally, numerous 
clusters of adipose tissue (AD) are shown between the muscle strands. (B) The section shows the 
body of the tongue with intensely keratinized squamous epithelium (KE) devoid of the lingual 
glands and was localized on the lateral boundaries of the tongue where keratinization is very thin 
(TKE). (C) The section shows the apex of the tongue, which is completely devoid of the lingual 
glands. The pear-shaped encapsulated muscular structure (ES) is situated only in the lingual apex. 
The muscular core consists of transverse strands (TM) and longitudinal strands (LM). 
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Figure 4. Histochemical detection of the extent of keratinization using Ayoub-Shklar staining for 
the three main subdivisions of the tongue: radix linguae (root), corpus linguae (body), and apex 
linguae (apex). (A) The tongue root shows very little staining, especially on the laterodorsal 
boundaries of the circumvallate papilla. (B) The lingual body with filiform papillae and dome-
shaped fungiform papillae and intense keratinization on the lingual body epithelium. (C) Section 
of the lingual apex showing a high extent of staining. 
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Figure 5. SEM of tongue dorsum in the desert hedgehog (P. aethiopicus) showing the filiform 
papillae that were densely distributed on the lingual mucosa. (A) The blue arrows show densely 
distributed filiform papillae, while dome-shaped papillae are indicated by yellow arrows. (B) An 
enlarged portion of (A). (C) Enlarged box of (B) showing the giant bifid and trifid filiform papillae 
with stratified scales on the dorsal surface. (D) Enlarged box of (B) exhibiting the dome-shaped 
fungiform papilla with a taste pore opening (red arrowheads) on the dorsal surface and surrounded 
by a papillary ridge (PR). The stratified scales were desquamating as shown by the black 
arrowheads. 
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Figure 6. (A) SEM of the radix linguae of the desert hedgehog (P. aethiopicus) showing different 
forms of papillae. the circumvallate papillae were arranged in the corners of triangles and that the 
conical papillae were scattered in between. (B) Enlarged box of (A) showing conical-shaped 
papillae. (C) Enlarged box of (A) showing the circumvallate papillae and numerous openings of 
the lingual glands (blue arrows). A distinct complete shallow groove was observed, and a 
circumferential groove (asterisk), an annular pad (ap) surrounding the papilla, and several taste 
pores (white arrowheads) were also recognized on the apical surface of the papilla. 

 


