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Abstract
Tichy F.: The Morphogenesis of Circumvallate Papillae and the Differentiation
of Taste Buds in the Cat in Ontogeny. Acta vet. Bmo 62, 1992: 19-26.
The development of circumvallate papillae, taste buds and associated structures,
i. e., other types of lingual papillae, gil. gustatoriae and their ducts, was studied
in the tongues of feline foetuses 31, 40 and 48 days old, kittens one day old and
adult cats.
Circumvallate papillae were commenced at 40 weeks of foetal age, the encircling
furrow and the ducts of gil. gustatoriae developed at 48 days. Fungiform and filiform papillae appeared later.
Taste buds differentiated from day 31 of foetal development. They were first
found in the epithelium of the dorsal surface of circumvallate papillae; in the wall
epithelium they appeared at 48 days. At the beginning, the cells constituting the
buds were uniform in appearance, from day 48 it was possible to distinguish their
types. The number of differentiating buds increased within one papilla from day
40 of foetal development.
Tongue, circumvallate papilla, taste bud, foetuses, cat
Detailed observations of the lingual mucosa at the light- and electron-microscopy levels made
by a great number of author have provided information on the structure and function of various
parts of the tongue under both physiological and pathological conditions. A large and comprehensive body of information has been collected on sensory lingual organs, i. e., intraepithelial
nerve endings and taste buds, particularly in laboratory animals, primates and man, and also
in some lower vertebrates.
Variability in appearance of the lingual surface epithelium has been reported by several authors
(Takagi et a1. 1976; Nair and Schroeder 1981; Matravers et al. 1982) who related it to the
degree of keratinization of epithelial cells. Differences in the keranitization process have been
observed even within one papilla (lida et al. 1985) and accounted for by the presence of different
kinds of keratin in cells constituting the rostral and the caudal surfaces of lingual papillae (Farbman 1970). The differentiation of epithelium into two cell populations producing soft and hard
keratin, respectively; is reported to occur as early as during the intrauterine development (Baratz and Farbman 1975).
Taste buds have been studies by light and electron microscopy by many authors. Most attention
has been paid to the development of these organs in the epithelium of all kinds of lingual papillae
in various animal species. The structure of taste buds at both the cellular and subcellular levels
and the process of taste perception have also been investigated.
.
It has been suggested that a taste bud comes to life when epithelial cells get into contact with
a nerve fibre (Beidler and Smallman 1965; Farbman 1965, 1969, 1971, 1980; Conger and
Wells 1969; Fujimoto and Murray 1970; Takeda 1972, 1976). The relationship of the nerve
fibre to the cell and vice versa can be characterized as a permanent state existing in each taste bud
and facilitating a continuous exchange of cells (Beidler and Smallman 1965; Adatia and
Gehring 1971; Farbman 1980).
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Another view (Pac 1984) based on studies of other organs of perception suggests that the
nerve contact first iniciates the formation of a receptor cell which is subsequently innervated.
This study was undettaken to provide detailed data on the development of circumvallate papillae in the cat as a contribution to a better understanding of the morphogenesis of the lingual
mucosa in impottant farm and domestic animals.

•

Materials and Methods
The lingual tissue for examination was obtained from feline foetuses at 31, 40 and 48 days
after fertilization, from one-day old kittens and adult cats aged 5 years. Three animals from each
age group were sampled. Foetal age was estimated on the basis of the crown-rump length (Evans
and Sack 1973).
The collected tissue was immediately fixed in neutral formaldehyde (1.33 mol/I) and processed and cut in a routine way including a modified method of dehydration in a graded alcohol
series (alcohol concentration increased by 0.1 mmol/l in each subsequent bath).
The sections were stained with haematoxylin and eosin. Some were treated with the green
trichrome reagent to visualize connective structures and some were impregnated using the method
of Gomori followed by staining with nuclear red. The sections were examined and photographed
using a photomicroscope (UN IVAR Reichett).

Results
Feline foetus at 31 days
The mucosa of the dorsum linguae at the body-root junction was uneven. The
unevenness gradually turned into distinct dome-shaped elevations towards the
lateral margins of the tongue as well as in the rostral direction (Plate IX, Fig. 1).
The junction between the dorsal and lateral surfaces was covered with a mucosa
free from elevations.
The mucosal surface was formed by stratified epithelium. This consisted of
one or two layers of short cylindrical cells at the lower part and a layer of polyedric cells in the upper part. The former cells showed well-stained cytoplasm
with hyperchromatic nuclei, the latter cells had poorly-stained cytoplasm with
low chromatin content of the nuclei and were larger in size than the basal cells.
The large irregular elevations found at the lateral margins were covered with
epithelium whose light surface cells were flattened to the extent of squamous
appearance (Plate IX., Fig. 2). This area also showed the presence of elongated
light cells passing throught the whole thickness of the epithelium. At their sides
there were darker cells with elongated hyperchromatic nuclei (Fig. 2).
The basement membrane separated the epithelium from the layer of connective
tissue which produced irregular protrusions against the epithelium. These were
the connective stromata of the dome-shaped elevations described above. The
lamina propria mucosae appeared uniform in structure over the whole region
of the dorsum linguae investigated. No rudiment of the aponeurosis linguae could
be seen at this stage (Fig. 1).
Feline foetus at 40 days
The dorsum linguae surface at the body-root junction was broken into many
hill-or dome-shaped elevations separated with grooves and furrows of varying
depth (Plate X., Fig. 3). Similarly to the previous stage, the Idegree of unevenness grew laterally and rostrally. Among smaller and less distinct elevations,
larger protrusions, which were the dorsal surfaces of developing circumvallate
papillae, could be observed (Fig. 3).
On cross-section, the anlages of circumvallate papillae appeared as well formed
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structures in the lingual mucosa. They were localized at various distances from
the median line of the tongue. Each developing papilla was separated from the
other still undifferentiated ones with a solid cell band later giving rise to the
encircling furrow. The basal part of the band distended in a club-like manner;
groups of cells derived from its lower part were extended the deep into the de~
veloping tongue musculature (Plate X., Figs 3, 4).
Fungiform papillae, dome-like in appearance, were separated with a shallow
groove from the surrounding surface.
The anlages of the other papillary types showed a variety of shapes and the
separating epithelial bands differed in size (Figs 3, 4).
The epithelium of the lingual mucosa was composed of a distinct germinative
layer consisting of rather small well-stained cells, cylindrical in shape, with hyperchromatic nuclei, and of several superfi.cial layers of cells with poorly-stained
cytoplasm and light nuclei. The topmost cells in one or two layers were flattened
and their nuclei had spindle-like shapes. The cells, however, did not show any
signs of keratinization or desquamation (Plate XI., Fig. 5). The thickness of the
surface epithelium varied with a higher epithelium being found on the dorsal
surface of circumvallate papilla anlages (Figs 4, 5).
Differentiating taste buds were observed in the epithelium of the dorsal surfaces
of developing circumvallate papillae and in the superficial parts of epithelial bands,
which would later give rise to the encircling furrows. The distended basal parts
of the bands did not contain any bases of taste buds (Figs 4, 5). The buds, which
were mostly situated in the lower half of the epithelium, did not reach the mucosal
surface but were separated from it by two or three layers of flat epithelial cells.
The base of the bud lay in the germinative epithelial layer, in some cases it even
extended into the papillary stroma and was surrounded with a fold of the basement
membrane (Fig. 5). Slim elongated cells with hyperchromatic nuclei were found
adjacent to the sides of the bud. At that stage the taste bud cells were uniform
in appearance (Fig. 5). On comparison, the bases of buds on the dorsal surface
of fungiform papillae were similar in both appearance and a degree of differentiation.
The lamina propria mucosae was rich in blood supply, particularly under the
anlages of developing papillae. Oose above the developing tongue musculature,
it presented as a continuous thick well-stained layer, well discernible in the.
medial region of the dorsum linguae. This was the rudiment of the aponeurosis
linguae (Fig. 3, 4).
Feline foetus at 48 days
The anlages of circumvallate papillae were the most marked structures of the
lingual mucosa at that age. They were localized at various distances from the
median line of the tongue; the anlages in a higher degree of morphogenesis were
found near the margin of the dorsum linguae. The uneven surface of lingual -'
mucosa around the circumvallate papillae was more pronounced in the lateral
parts where the other lingual papillae were commenced but not yet differentiated.
Similarly to the previous period, these papillae varied in shape and were separated
with grooves and invaginations of different sizes (plates XI., XII., Figs 6, 7). Fungiform papillae were more extensive and showed a higher degree of differentiation
than those in 4O-day-old foetuses.
The epithelial bands surrounding the developing circumvallate papillae and
later becoming the encircling furrows were well formed. Their basal parts sent
out long branched canals, terminated with large clusters of cells, into both the

22
lamina propria mucosae and the tongue musculature (Figs 6, 7). Among the cell
clusters, mostly near the mucosal surface, oval or rounded fissures varying in size
were formed. They were lined with flat cells and separated with thin septa (Figs
6, 8). Within one band, several fissures were often arranged in a tier.
The epithelium covering the anlages of circumvallate papillae was made up
of a distinct germinative layer of cylindrical cells, several layers of polyedric
cells and two or theree layers of superficial flat cells (Plate XII., Fig. 8). The undifferentiated papillae were covered with an epithelium similar in structure but
markedly lower in thickness. In some areas the superficial epithelial cells began
to desquamate.
Differentiating taste buds of typical shape were localized in the epithelium
of the dorsal surface of the circumvallate papilla. Their apical parts usually did
not reach the mucosal surface. The bU9s consisted of two cell types: cells with
hyperchromatic nuclei and well-stained cytoplasm and those with lighter cytoplasm and lower chromatin content in the nuclei (Fig. 8). The same degree of
differentiation was seen in the buds present in the surface epithelium of fungiform
papillae.
The stromata of papillary anlages were richly supplied with veins. The rudiment
of the aponeurosis linguae was similar in appearance to that described in 40-day-old foetuses (Figs 6, 7).
Kitten one day old
The dorsal surface of the lingual mucosa included numerous papillae varying
in size and shape. In addition to circumvallate papillae, there were fungiform
papillae and other slim, high papillae separated from each other with deep narrow
depressions. In these finger-like projections it was difficult to determine the papillary type (Plate XIII, Fig. 9). Circumvallate papillae with their dome-shaped
appearances were the most distinct structures on the dorsum linguae. The bottoms
of encircling furrows showed numerous openings of branched ducts of gIl. gustatoriae which extended deep into the lingual musC'..dature. The circumvallate papillae situated medially were smaller than the lateral ones.
The surface of the dorsum linguae was covered with typical squamous stratified
epithelium at a thickness equal to that found on the circumvallate, undifferentiated
and fungiform papillae (Figs 9, lO). The surface layers showed keratinization
which, in some areas, was followed by the desquamation of keratinized cells.
The wall epithelium of circumvallate papillae, particularly in the lower parts
near the bottom, contained numerous slim taste buds. These ran through the
entire thickness of the epithelium from the basement membrane up to the surface
where they formed gustatory pores (Plate XIII, Fig. 10). The dorsal surface of
circumvallate papillae bore taste buds only occasionally. The buds were made
up of two cell types: cells with dark nuclei and well-stained cytoplasm and light
cells with low chromatin content in the nucleus (Fig. 01). The taste buds in the
e2ithelium of fungiform papillae were arranged in a similar way.
The lamina propria mucosae showed, apart from sectioned ducts of gIl. gustatoriae and vei( s, lymphocytic infiltrations located to the stromata of circumvallate
papillae close under the germinative epithelial layer.
The aponeurosis linguae presented as a solid connective tissue band.
Cat at five years
The dorsum linguae in the adult cat showed the usual types of papillae. The
circumvallate papillae were the predominant structures on the mucosal surface
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studied. Each was surrpunded with· not a very l~ge encircling furrow; at their
bottom there were the openings of ducts of gll. gustatoriae (Plate XIV, Fig. 11)~
Fungiform and occasio~ filiform papillae were observed close to the circumvallate
ones. Some dorsal surfaces of the circumvallate papillae contained large depressions or narrow invaginations (Fig. 11).
The whole surface of the lingual mucosa investigated was covered with stratified
squamous epithelium whose cells underwent keratinization and local desquamation.
'.
,
Slim taste buds were found in the upper' part of the wall epithelium. They
communicated with the encircling furrow through the porus gustatorius (Plate
XIV, Fig. 12). They were composed of the two cell types described before.
The lamina propria mucosae included veins, areas of glandular parenchyma
of gll. gustatoriae, gustatory ducts and patches of adipose tissue (Fig. 11). Lymphocytic infiltrations were found near the openings of gustatory ducts. The aponeurosis
linguae had its usual appearance.

Discussion
The data available on the structures of lingual mucosa based on light- and
electron-microscopic studies made in animals (Nair and Schroeder 1981;
Matravers et a!. 1982; !ida et a!. 1985 and others) give only incomplete information on the beginning and progress of Pifferentiation of the lingual structures in
farm and domestic animals. Some of our earlier work has already dealt with this
issue (Tichy and Cerny 1987; Tichy 1991a, b, c, 1992a, b, c).
Our observations show that the first important changes in morphology of the
feline tongue occurred between 31st and 48th days of the prenatal development.
This period was characterized by the commencement and development of circumvallate papillae and the appearance of differentiating taste buds in the epithelium.
Probably, the first sign of development of the taste bud, similarly to swine (T i ch y
1991b), is the presence of light elongated cells on the dorsal surface of primitive
dome-shaped elevations which, in the 31-day-old feline foetus, were regarded
as the anlages of circumvallate papillae. Elongated cells with mote intensive
staining attached to the light cells were considered the perigemmal cells (Beidler
and Smallman 1965; Farbman 1965a, 1980; Murray and Murray 1970;
Takeda 1972, 1976) gradually giving rise to the other types of bud cells, such
as dark bud cells according to Farbman (1980). At later stages of differentiation,
perigemmal cells of more distinct forms were found adjacent to the taste buds,
which is in agreement with the views of other authors (Adatia and Gehring
1971; Farbman 1980) suggesting that taste bud cells are permanently and
continually replaced. The occasional finding of lymphocytes in the taste buds
·of a newly-born kitten is indicative of the process of destruction or reconstruction
of the bud. However, since the occasion was very rare, relation of the lymphocytes
to some pathological. lesion seems to be a more plausible explanation.
Taste buds in the typical elongated spindle-shaped forms were seen in the
epithelium of the dorsal surface of circumvallate papillae at 40 days of the prenatal
development. Their localization there supports our earlier view (Tichy and
,Cerny 1987; Tichy 1991b) that the buds are first formed on the dorsal surface
and "travel" to the wall epithelium later in association with the growth of papillae.
While at 40 days it was impossible to distinguish the cell types reported in
electron-microscopic studies of several animal species (De Lorenzo 1958;
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Scalzi 1967; Fujimoto and Murray 1970; Murr'ay et al. 1972; Takeda
1972,1976) at 48 days the taste buds showed cells with two kinds of nuclei (hyperchromatic and low chromatin). It is thought that in this period, the differentiation
of dark cells (with hyperchromatic nuclei), light cells and perhaps also receptor
cells (both with low content of chromatin in the nuclei) was commenced. If,
according to some authors (Beidler and Smallman 1965; Farbman 1965a,
1969, 1980; Zalewski 1969, 1970, 1972), the taste bud is initiated by contact
of epithelial cells with a nerve fibre, then it remains to be explained what triggers
the differentiation of the already formed bud cells into 'the respective types. The
data of Takeda (1977) and Farbman 1980) suggest that not all of the bud
cels are derived from one and the same population of epithelial cells (receptor
cells may arise from nervous tissue) and this may also indicate their gradual
development. Our observations can perhaps be taken as a corroboration of these
assumptions.
It is of interest that in the foetal periods studied, majority of the taste buds
lacked gustatory pores. This is different from the findings in sheep (Tichy and
Cerny 1987) and pigs (Tichy 1991 b~ c) in which the porus gustatorius was
observed long before birth. In the cat, as a representative of nidicolous vertebrates, the definite structuring of the bud seems to occur just shortly before birth.
Taste buds were present in the wall epithelium of circumvallate papillae occasionally as early as at day 40 but only in the superficial parts of the epithelial
band, which later develops into the encircling furrow, i. e., at the junction of
dorsal surface and papillary wall. In lower, parts of the wall, taste buds were found
at 48 days. The gradual shift of the buds is apparently related to the growth
and differentiation of the circumvallate papillae in that period. Similarly to pigs
(Tichy 1989, 1991 b, c) in the cat at 48 days, the encircling furrow begins t()
arise from the underlying solid epithelial band through formation of large fissures
or round spaces. These occur most likely due to unequal cohesion between the
epithelial cells. The development of the ducts of gll. gustatoriae at this stage is
conspicuous. The whole process of formation of the encircling furrow in the cat
is comparable with that in sheep (Tichy and Cerny 1987) and pigs (Tichy
1991a, b, c).
As earlier observed in sheep and swine (Tichy and Cerny 1987; Tichy
1991 b, c 1992a) and now in cats, the other lingual papillae differentiated later
that the circumvallate ones. This "delay" in development was reflected by a different appearance of the surface epithelium which was noticeably lower than that
seen on the circumvallate papillae. Our findings suggest that the morphogenesis
of feline lingual papillae is going on after birth, a fact not seen in either sheep
or swine. A delayed maturation process of feline lingual mucosa may be a species-specific phenomenon because in both sheep and swine the initial signs of differentiation were found at the beginning of the second third while in the
cat at the beginning of the second half of the intrauterine development. These
results, however, should be interpreted with regard to the differences between
the nidicolous and nidifugous vertebrates because in the former the maturation
of all structures generally occurs at a lower rate and often takes place in the postnatal period.
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Morfogeneze hrazene papUy a diferenciace chuiovYch pohairkii u ko~ky
v ontogenezi
Vznik a vYvoj hrazenych papil, chuiovYch poharkU a struktur souvisejicich,
tj. ostatnich typu papil jazyka, gIl. gustaroriae a jejich vYvodu a vrstvy lamina
propria mucosae, byl sledovan na jazyku fem kocky stafi 31, 40 a 48 dnu, kotete
stafi 1 den a dospeleho jedince.
Hrazene papily se zakhidaji ve 40. dnu vYvoje, obkruiujici brazda a vYvody
gil. gustatoriae vznikaji v 48. dnu vYvoje. Ostatni typy papil vznikaji pozdeji nezpapily hrazene. Papily hrazene a houbovite se vytvareji drive nez papily mechanicke.
Chuiove poharky se diferencuji od 31. dne vYvoje. Jsou lokalizovany nejprvev epitelu dorsaIni plochy hrazene papily; v epitelu jejich sten se objevuji v 48. dnu.
vYvoje. Zpocatku jsou zaIdady chufovYch poharku tvoreny builkami stejneho
vzhledu. Jejich vzajemne odliseni je mozne od 48. dne vYvoje. Pocet diferencujicich se poharku se v rozsahu jedne hrazene papily zvysuje od 40. dne vYvoje~

Mop(j)oreHe3 JKen060B8Toro COCOI.IKa H J;lH(j)(j)epeHqHaqHSI BKYCOBbiX
nYKoBHq KOWKH B OHToreHe3Hce
B03HHKHOBeHHe H pa3BHTHe >Ken060BaTbIX COCOllKOB, BKYCOBblX nyKo-BHl.\ H COnpSI>KeHHbIX CTPYKTYP, cneAOBaTenbHO, OCTonbHblX THnOB na-

nHnn

Sl3b1Ka, gIl. gustatoriae H HX BbIXOAOB, a TaK>Ke cnoSi co()cTBeHHOH:
nnaCntHKH cnH3HCTOH o6onollKH HccneAOBanl1 Ha Sl3blKe nnOAa KOWKHl
B B03pacTe 31, 40 H 48 CYTOK, KOTeHKa B B03pacTe 1 CYTKH H B3pocnoH
KOWKH.
)/{eno60BaTble

COCOllKI1

OCHOBblBalOTCSI

Ha

40

CYTKH

pa3BI1TI1S1,

OKpy-

>KalOl1.IOSi 6opo3Aa H BblXOAbl gIl. gustatoriae
B03HHKalOT Ha 48 cYTKr.t;
pa3BHTI1S1. OCTanbHble THnbl nanl1nn B03HHKalOT n03>Ke >Ken060BaTblx coCOllKOB. )/{eno6oBaTble H rpl1()oBHAHble COCOllKH. o6pa3YIOTcSI paHbW&
MexaHHlIeCKI1X COCOllKOB.
,lJ,l1cpcpepeHl.\l1al.\l1S1 BKYCOBblX nYKOBHII npOHCXOAI'IT C 31 CYTOK pa3BH-THSI. OHH pacnOnO>KeHbl cnepBa B anl1TenHH AopcanbHoH nOBepxHocTH
>Ken060BaToro COCOllKa, B anHTenl111 CTeHOK OHI1 nOSlBnSlIOTCSI Ha 48 CYTKI1 P03BHTI1S1. B Hallane OCHOBa BKYCOBblX nYKOBI1l.\ 06pa30BaHa KneTKaMI1 OAI1HaKOBOro BHeWHero BI1Aa. IIJx B3aHMHoe pa3nl1l1He B03MO>KHOHallHHaSi C 48 CYTOK pa3BHTHSI. 411cneHHocTb Al1cpcpepeHl.\HpyeMblx nYKo,
BHII B MacwTa6e OAHoro >Ken060BaToro COCOllKa YBenHlIHBaeTcSI C 40 cY-TOK pa3BHTHSI.
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Plate IX.
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Fig. 1: A cross-section through the oral cavity of a feline foetus aged 31 days. Small dome-shaped elevations in the medial part (1) become more pronounced ad the laterai'margins of the dorsum linguae (1 '). HE, X 100.
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Fig. 2: A detail of Fig. 1. Light elongated cells in the epithelium of the dorsal surface of a primitive papilla (2). A layer of poorly-stained epithelial cells (3). HE, X 400.

Plate X.
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Fig. 3: Dorsum linguae in a 40-day-old feline foetus. Developing circumvallate papilla (1) with numerous undifferentiated papillae (1 ') around. Gustatory ducts in the process of formation (5). The
rudiment of aponeurosis linguae (4). HE, X 100.

•

Fig. 4: Developing circumvallate papilla (1) in a 40-day-old foetus. Taste buds (2) are commenced in its
epithelium. Undifferentiated papillae (l ') with veins in the stroma. Aponeurosis linguae (4). Bases of gustatory ducts (5). HE, X 250.

•

Plate XI.

•

•
Fig. 5: A detail of the circumvallate papilla in Fig. 3. Taste buds (2) in the epithelium at the margin of
the dorsal surface. An undifferentiated papilla (1 '). The rudiment of aponeurosis linguae (4).
HE, X 400.

•

•

Fig. 6: Dorsum linguae in a feline foetus at 48 days. Circumvallate papilla (1). Large fissures among the
cells of the epithelial band in the process of encircling furrow formation (6). Luminized ducts of
gil. gustatoriae (5). Aponeurosis linguae (4). HE, X 100.

Plate XII.

•

I

Fig. 7: Dorsum linguae in a feline foetus at 48 days. Taste buds (2) in the epithelium of a circumvallate
papilla. Developing encircling furrow (6). Rudiments of secretory parts of gIl. gustatoriae (5') and
their luminized ducts (5). Aponeurosis linguae (4). HE, X 100.

Fig. 8: Part of a circumvallate papilla in 48-day-old feline foetus. Taste buds (2) in the dorsal aspect and
the wall epithelium. A large fissure in the epithelial band during formation of the encircling
furrow (6). HE, X 400.

Plate XIII .

•

•
Fig. 9: Circumvallate papilla (1) on the tongue of a day-old kitten. Numerous taste buds (2) in the wall
epithelium. Tall filiform papillae (1 '). Cross-sections through ducts of gil. gustatoriae (5).
HE, X 100.

•

•

Fig. 10: A detail of Fig. 9. Parts of the circumvallate (1) and the filiform (1 ') papillae. Taste buds (2')
opening into the space of the encircling furrow (6). HE, X 400.

Plate XIV.

•

•
Fig. 11: Circumvallate papilla in an adult cat. Taste buds (2) in the wall epithelium. A fold of epithelium
of the dorsal papillary surface (3). Openings of gustatory ducts (5). HE, X 100.

•

Fig. 12: Peripheral part of the circumvallate papillae from Fig. 11. Encircling furrow (6), taste bud (2').
HE, X 400.

•

