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SUMMARY

Twenty one rabbits, representing various postuatal ages from newly born
to four months ¢ld (mature rabbits), were used to elucidate the postnatal
changes in the morphology of the rabbit tongue grossly and scamning
electron microscopically. The tongue of newly born rabbits is thin,
measuring 1.5¢m long, no papillag could be demonstrated at this age. In
the growing rabbits. the tongue increases in length and thickness, an
intermolar prominence (Torus linguag) starts to occupy most of the
dorsal aspect of the body of the tongue in two weeks old rabbits. The
filiform and fungiform papillae are difficult to be observed grossly.
where the vallate (two in number) and foliate papillae could be
demonstrated in the fourth posinatal week. Scanning eleciron
microscopy reveals that the filiform papillae (the only mechanical type
found in rabbit) in newly born rabbits are found only on the tip and
lateral surfaces, but absent on the dorsum of the tongue. By
advancement of age, they spread on the dorsum of the tongue until the
fater is completely covered by papillae in mature rabbits. The filiform
papillae exhibit regional variations in shape being tongue-shaped on the
apex, but they are conical and bent backward on the body, Concerning
the fungiform papiilae, they are demonstrated on the tip and lateral
surfaces of the tongue. The fungiform papiilac on the tip of the tongue
are dome-shaped, have faste pores and supposed to perform the
gustatory function in suckling rabbits. The laterally placed fungiform
papillae are button-shaped having no taste pores, they also loose their
papillary groove and fuse with the swrounding filiform papillae by
advancement of age. The vallate and foliate papillae are weakly
developed in newly born rabbits. The papillary grooves are not well
defined and the taste pores could not be detected at this stage. By
advancement of age, these two kinds of papillac become well developed
and demonsirate taste pores on their surfaces. The surface epithelium of
the different lingual papillac demonstrates many stubby microvilli in
newly bom that change gradually to microplicae in adult animals, In
conciusion, the mechanical and gustatory functions of the rabbit tongue
seem {0 be weakly developed in newly born rabbits due fo the absence of
filiform papillae from its dorsum and the weakly developed vailate and
foliate papillae at this stage, This weak gustatory function is supposed to
be undertaken only by fungiform papillae, but in mature rabbits, the well
developed vallate and foliate papiilae may improve this funetion.
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INTRODUCTION

The rabbit is a non-ruminant herbivore that tends to select low
fibre portions of plant material (Van Soest, 1982}, Tts tongue is large for
the size of the animal, it possesses four types of papiliae; namely,
vallate, foliate, fimgiform and filiform papiliac (Okerman, 1994). There
are many studies on the three-dimensional structure of the tongue and its
papiliae in rat (Baratz, and Farbman, 1975), goat (Qayyur and Berg,
1975), cat (Boshell ef af., 1982), rabbit (Lui and Les, 1982}, Cow
(Stefiik ef ol, 1983; Chamorro er al.; 1987), hovse (chamorro e al,
1986; de Pass Cabello er al., 1988), one-humped camel (Qayyun ef 4l
1988), black rhinoceros (Emura e gl, 2000), bactrian came!
(Eerdunchaolu et al., 2001), donkey (Abd-Elnaeim ef af, 2002} and
koala (Kobayashi ef al., 2003). Little work has been published on the
development of the lingual papillae, Dougbag (1987, 1988} has studied
the morphogenesis of the mechanical and gustatory papiliae of the one-
humped camel

The young rabbits start hopping during the third postnatal week
and can be weaned at four wesks old, small breeds are sexually mature
at three months (Okerman, 1994). Important morphological changes are
expected to occur in the tongue of the rabbit during the postnatal period.
Studies on the postnatal development of the tongue and its papillae in the
rabbit is lacking in the available literature. This study aims to elucidate
the postnatal changes in the tongue and its papillac both grossiy and
scanning electron microscopically.

MATERIALS and METHODS

Twenty-one Balady rabbits representing different ages ranging
from newborn (one day old) through growing (2-10 weeks old) to
mature (3-4 months old) were used in this study. For gross anatomy, the
rabbits were perfused through the common carolid artery using 4%
paraformaldehyde solution. The tongues were then removed, examined
grossly, measured and photographed. For scanning clectron microscopy,
representative tissue samples from all lingual papillac were taken, fixed
in paraformaldehyde 2.5% and glutaraldehyde 2.5% solution in 0.1M
phosphate buffer for 4 hours at 4°C. After washing in the same buffer,
the specimens were post-fixed in osmium tetraoxide 1% in phosphate
buffer for 2 hours followed by washing in the same buffer. The samples
were then dehydrated in ascending grades of ethanol followed by critical
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point drying in carbon dioxide then sputter-coated with gold and
examined with a JEOL-5400LV scanning electron microscope.

RESULTS

Anatomy:

The tongue of the newly born rabbits is thin measuring about
1.5cm long with relatively short apex (0.5cm). The dorsal surface of the
tongue demonstrates a slight elevation in the body region. At this stage,
the lingual papillae could not be observed grossly (Fig.1).

In the growing rabbits, the tongue increases in length and
thickness, it reaches about 2.4cm long in 4 weeks old rabbits. In two
weeks old rabbits, a clear intermolar prominence starts to occupy most
of the dorsal aspect of the body of the tongue. This prominence increases
in size with the advancement of age. The filiform and fungiform papillae
are difficult to be observed grossly. However two vallate papillae could
be demonstrated in the fourth postnatal week (Fig.1).

In adult rabbits (3-4 months old). the tongue (about 3.6cm long)
demonstrates a constriction between its apex (about 1.2em long) and
body. The apex is three sided in cross section due to high lateral borders.
The intermolar prominence becomes well developed, There are two
vallate papillae, one on each side of the midline at the caudal boundary
of the intermolar prominence. while the foliate papillae are situated in
the caudo-lateral margin in fron; of the palatoglossal folds (Fig.1).

Scanning Electron Microscopy:
Filiform papiflae: -

In the newly bom rabbits, the filiform papillac are demonstrated
only on the tip and the lateral surfaces of the tongue, the dorsum is bare
(Fig.2). They are either conical with round or pointed ends, the pointed
ones are usually bent backwards (Figs.4, 3). In higher magnification, the
surface epithelium of both filiform papillae and the dorsum of the tongue
is covered by many stubby-sheped microvilli (Figs.3, 6).

In growing rabbits (2-4 weeks old), the filiform papillae are
arranged in compact rows on the tip and the lateral surfaces of the
tongue. By advancement of age, they spread caudally, where they cover
most of the dorsal surface of the tongue at the 10 postnatal week (Fig.7).
They are tongue-shaped on the apex. conical laterally and weakly
developed on the dorsal aspect of the intermolar prominence (Figs.$, 9).
In higher magnification, the surface epithelium of the filiform papiliae
shows concentrically arranged micropiicae (Fig.10).
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I the adult rgbbits; the rmm papili d il
corpact rows disiributed over the entire dorsal an
the tongue (Fig.11). They are thick tongue-shaped or the apex
but they are conical with wide intervening spaces on the caudal part of
the lateral surfaces of the tongue (Fig.13). On the intermolar prominence,
the Hliform papillae are thin with pointed ends and bent backwards
(Fig.14). The covering epithelial cells are polygonal with distinct
interceliular border, they demonstrate microplicated surface specially on
the tips of the papillae (Fig.15).

Fungiform papillae:

The fungiform papillac of the newly born rabbits show regional
variations in shape. They are dome-shaped (75-100um in diameter) and
carry smali taste pores on the tip of the tongue (Figs.16, 17), but they are
button shaped (150-200um in diameter) on the lateral surface of the
tongue (Fig.19). At higher magnification the surface of both forms of
fungiform papiliae is covered by microvilli.

[ growing rabbits, the fungiform papiliee on the tip of the tongue
retain their dome shape, they only increase in diameter where they reach
150-200um in adult rabbits (3-¢ months old). However, the fungiform
papillae on the lateral surface of the tongue start to expand and fuse with
the surrounding filiform papillae taking mostly star-shape (Fig.20). In
adult rabbits, they appear as flat bare areas amidst the filiform papillae
(Fig.21). They take different irregular shapes that measure (400-600um
in diameter). Higher magnification demonstrates microplicated surface
with some desquamating cells. The microplicae are arranged in different
patterns. Taste pores are demonstrated only on the fungiform papillae
found on the tip of the tongue (Fig.18).

Vallate papillae:

In newly born rabbits, there are two vallate papillae on the caudal
third of the tongue, one on each side, situated slightly at & lower level
than the lingual surface. They are eiliptical with convex surface and
measure 200-250um in diameter. A wide and irregular papillary groove
encircles each papilla (Fig.22). The papillary surface and the
surrounding areas demonstrate mucosal ridges, but at higher
magnification, similar microvilli as those described above cover the
surface, taste pores could not be demonstrated.

In the growing rabbits, the vallate papillae become larger with
better developed papillary groove, The area surrounding the vallate
papillae demonstrates low mucosal foids, but later on small filiform
papillas appear in this area (Fig. 23).
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The vallate papillae of the adult rabbits are large-sized (400-300
um in diameter) and elliptical in shape, cach papilla carries 8-10 finger-
like filifom papillae on its papillary surface. The papillary groove is
wide, deep and completely encircling the papilla. The surrounded area is
covered by numerous small filiform papillae and mucosal ridges. At
higher magnification, & well developed network of microplicae cover the
surface cells that are separated by distinet intercellular ridges, taste pores
could be demonstrated at this stage (Fig.24).

Foliate papilie;

In the newly born rabbits, the foliate papillae are represented by
few irregular grooves situated at the caudolateral margin of the tongue
on both sides in front of the palatoglossal folds. They are obliquely
oriented to the long axis of the tongue (Fig.25). By advancement of the
age, the folds and grooves of the foliate papillae increase in numbers and
dimensions, they are 6-8 oblique folds in 4 weeks old rabbits (Fig.26). In
the adult, the foliate papillac are rcpresented by 18-20 large folds
separated by deep grooves arranged obliquely to the long axis of the
tongue. Secondary folds are also demonstrated on the primary ones.
Higher magnification shows folded surface with some taste pores
(Fig.27).

DISCUSSION

The present study reveals that the rabbits are born with weakly
deveioped lingual papiliae. These findings differ from the situation in
large mammals with longer gestation period like camel, which is bom
with a well-developed set of lingual papillae {Dougbag, 1987). It can be
postulated that the very short gestation period in rabbits does not allow
enough time for advanced development of the lingual papillae.

The sequence of morphological changes in the tongue and its
papiliae from birth to puberty points to three developmental stages i.e.,
hewly born, growing and mature stages. In the newly born rabbits, the
tongue is small with short zpex and weakly developed intermolar
prominence. Further gross development of the tongue includes increase
in the length and development of the intermolar prominence. The later
resembies the Torus linguae o7 some herbivorous mammals (Nickel ef
al., 1979; Dougbag, 1987; Takehana ef ¢l., 2001).

Scanning ¢lectron microscopy reveals that in newly born rabbits,
the filiform papiilae (the only mechanica! fype found in rabbit) are found
only on the tip and lateral surfaces, but absent on the dorsum of the
tongue. By advancement of age. they spread on the dorsum of the tongus
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until toe later is commictely covered by papiiias &t the 27 pasinatal
woek. Because young yabbils start hopping during the third postnatal
week and can be weaned at the age of four weeks (Okerman, (894} it
¢can be suggested that the development of the Filiform: papilise on the
dorsum of the tongue occurs during the weaning period (from the 4*
postaatal week on) parallel with feeding on plant materials that would
exert mechanical stress on the lingual surface.

The cument study supporis the previous reports of regional
variations in the shape of the filiform papillac. In this concern, Iwasaki
el @l (1987) assumed thet the reason for the disiribution of these
different types, in different arcas of the fongue, is due to functional
differences. The rostral pari ¢f the tongue (with tongue-shaped papilies)
possibly contributes to the touch and prehension, while the caudal par!
{with conical and bent backward papillae) may facilitate the swallowing
of the masticated food.

The fungiform papillac, in the newly bom rabbits, are betier
developed than any other gustatory papilia. They are variably sheped
being dome-shaped on the tip and button-shaped on the lateral surfaces,
The fungiform papillas on the tip of the tongue have faste pores and
supposed to perform the gustatory function in suckling rabbits. Unlikely,
the laterally placed fungiform papiliae have no taste pores, they also loss
their papillary groove and fuse with the surrounding filiform papillae by
advancement of age. This suggests that these papillae have no gustatory
function in adult rabbits. Fungiform papillac without gustatory function
have been recorded in horss (Barone, 1976), goat (Kumar ef al,, 1998)
and donkey (Abd-Elnacim et al, 2002). However, fungiform papillac
with both mechanical and gustatory functions (having fow taste pores)
exist in horse (Chamorro ef al., 1986) and buffalo (Scala ef al, 1995).

The valiate and foliate papillae ere weakly developed in newly
bora rabbits. The papillary grooves are not well defined and the taste
pores could not be detected at this age. By advancement of age, these
two kinds of papillae become well developed and demonstrate taste
pores on their surfaces. These observations point to an increasing
gustatory quality of the rabbit tongue during the postnatal period until
puberty,

Concerning the number of the vallate papillae, the present study
supports the previous statement of Chamorro ef al. (1987) that the rabbit
has only two vallate papilize. The number of vallate papiliae varies
greatly among different mammalian species. Some rodents like rat,
mouse and hamster have enly one vallate papilla while other species liks
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several primates and man can have four or more vallate papiilac (Kubota
and Hayama, 1964). Kubota (1988) stated that there is an intimate
relationship between the feeding habbits and the development of the
vallate papillae. In addition, the presence of finger-like filiform papillae
on the papillary surface of the vallate papillae may give them a
mechanical quality,

The surface epithelium of the different lingual papillae
demonstrates many stubby microvilli that are gradually changed to
microplicae in adult rabbits. These microplicae are teported on the
papillary surfaces of mouse (Utiyama ef al., 1995), monkey (Iwasaky e/
al., 19923, horse and cow (Chamorro ef al., 1986) and donkey (Abd-
Elnaeim et al., 2002). These microplicae are supposed to enhance the
spreading and adhesion of the mucous coat (Sperry and Wassersug,
1976), which protect the superficial cells (Nair and Scrocder, 1981) or as
supporting structures for feed uptake, mastication and swallowing
(Twasaki ez al., 1987).

In conclusion, our study has shown that the rabbit tongue exhibits
striking morphological changes during the postnatal period. The
mechanical and gustatory functions seem to be weakly developed in
newly born rabbits duc to the absence of filiform papillae from the
tongue dorsum and the weakly developed vallate and foliate papillae at
this age. This weak gustatory function is supposed to be undertaken only
by fungiform papillae, but in mature rabbits, the well developed vallate
and foliate papiilac may amplitude this function.

LEGENDS

Fig. 1: Photograph showing the tongue of the rabbit in newly born, one
month old and four months oid rabbits arranged from Ieft to right.
The Torus linguae (T) is clearly demonstrated on the dorsum of the
iongue of one and four months old rabbits. Note the vallate
papillae (arrows).

Figs. 2-6: Scanning clectron micrographs showing the distribution of
filiform papiliae in newly bora rabbits. The fliform papillae o not
cover the dorsum (D) of the tongue (Fig.2), this dorsum appears
covered by microvilli in higher magnification (Fig.3). The filiform
papiliae are conical with rounded ends on the apex of the tongue
(Fig. 4) and conical with pointed ends on the lateral surfaces of the
body (Fig. 5). The surface ceils of the filiform papiliae are covered
by stubby microvilli (Fig. 6).

¥
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Figs. 7-10: The filiform papillae in growing rabbits (one month old).
They start to spread on the dorsum (D) of the tongue (Fig. 7). They
are variable in shape being tongue-shaped on the apex (Fig. 8) and
conical on the lateral surfaces of the body (Fig. 9). The microvilli
covering the surface of the filiform papillae start to form
concentrically arranged microplicae (Fig. 10).

Figs. 11-18: The filiform papillae in mature rabbits (four months oid).
They cover the dorsum (D) of the tongue completely (Fig. 1.
They are variable in shape being tongue-shaped on the apex (Fig.
12), conical on the lateral surfaces of the body (Fig. 13) and short
conical and bent backward on the Torus linguae (Fig. 14). The
surface of the filiform papiilae is now covered by more or less
concentric microplicae (Fig. 135).

Figs. 16-21: The fungiform papillae in different locations and ages. In
newly born rabbits, they are dome-shaped on the tip of the tongue
(Fig. 16), button-shaped on the lateral surfaces of the tongue (Fig,
19) and are surrounded by papillary groove (arrowheads). The
dome shaped papillae show taste pore (arrow) and are covered by
abundant microvilli in newly born rabbits (Fig. 17), but they are
covered by microplicac and show also taste pore (arrow) in mature
rabbits (Fig. 18). The laterally placed fungiform papillae loss their
papillary groove and start to fuse with the surrounding filiform
papillac in growing (Fig. 20) and mature (Fig. 21) rabbits,

Figs. 22-24: Vallate papillac in the three postuatal stages. They arc small
with irregular papillary groove (amrow) in newly born rabbits (Fig.
22), the inset shows microvillous surface without taste pores at
higher magnification. In growing rabbits (Fig. 23), the papilla
increases in dimensions and also has papillary groove (arrow), its
surface is also covered by microvilli as shown in the inset. In
mature rabbits (Fig. 24), the papilla is fully developed with distinet
papillary groove (arrow) and short filiform papillae (arrowheads)
on the papillary surface. The inset shows higher magrification of
the microplicated papillary surface with a taste pore (double arrow)
in between. )

Figs. 25-27: Foliate papiilae in the three posinatal stages. They are in the
form of irregular grooves (arrow) in newly born rabbits (Bigs 25),
the inset shows microvillous surface without taste pores at higher
magnification. In growing rabbits (Fig. 26), the papillary grooves
{arrow) and ridges start to be better developed, surface microvilli
fransform into microplicae as shown in the inset. In mature rabbits
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i illary ) and i (arrowhead) are
Fig. 27), the papiliary grooves (arrow) Pt"d ridges (arrow )
Em\%' fully developed. The inset shows higher magnification of the
folded papillary surface. which carries a taste pore (double arrow).
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