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Abstract 

Tichy, F.: The Ultrastructure of Taste Buds in the Newborn Pig. ACta 'vet. Brno, 
61,1992: 171-177. . . 

Taste buds localized on circumvallate papillae of the porcine tongue were in­
vestigated for the occurrence of dark, light and receptor cells and the stage of their 
differentiation, the morphology of the taste pore area, the occurrence and distriou­
tion of intragemmal nerve endings and the way in which these are connected with 
each cell type. 

It was observed that, as early as two days after birth, the porcine taste buds 
included all three cell types. These were elongated towards the taste pore. Their 
apical parts, however, did not come up to level with the epithelial surface nor were 
they shaped into microvilli typical of the bud ultrastructure described in adult 
animals of other mammalian species. The cytoplasm of the dark cells had only 
a low amount of dark secretory granules and the receptor cells showed only oc­
casional occurrence of dark vesicles. The dark, light and receptor cells were con­
nected with nerve fibres and the way of contact was different in each cell type. 

Taste bud, taste pore, gustatory nerve. ultrastructure 

". 

The ultrastructure of taste bud has been studied and thoroughly described in a number of amphi­
bian and avian species (Farbman and Yonkers 1971; and others), in laboratory mammals 
(Farbman 1965a; Murray et al. 1969, 1972; Fujimoto and Murray 1970; Takeda and 
Hoshino 1975; Takeda 1976; and others) and also in man (Takeda 1972; Paran et aI. 1975; 
etc.) The results of ultrsstructura1 studies of taste buds have revealed considerable differences 
which are species-specific and also related to the position of the bud in the lingual mucosa (B e i d­
ler 1969; Murray 1971, 1973; Mattern and Paran 1974; Takeda and Hoshino 1975; 
and others). 

Farbman (1965a, b), Murray and Murray (1967) and others showed the existence of two 
basic cell types constituting the taste bud, which they called dark and light cells. Later it was 
(Murray at a1. 1969) that the taste bud contains one more cell type which was designated the 
receptor cell. Although the functions of these three cell types have not been clearly determined, 
the evidence so far obtained suggests that their respective roles are similar in all the taste buds 
(Mattern and Paran 1974; Paran and Mattern 1975; Takeda 1977; and others). The 
dark cells are implemented in secretory and supportive function, light cells mediate contact be­
tween the taste stimuli and receptor cells, the true receivers of the stimulus. 

Still incomplete is the information on the mechanism by which each cell type in the taste bud 
is replaced or regenerated. The view of some authors (Beidler and Smalman 1965; Farbman 
1965b) that the cells are differentiated by a continual process from so-called perigemmal cells 
of the surrounding epithelium is likely to hold only for the dark cells (and possibly also for the 
light ones). Later investigations by Takeda (1977) and Farbman (1980) indicate that in the 
receptor cells the presence of some specific structures in the cytoplasm relates the cells to nervous 
tissue. It is not known whether the light cells develop from the dark or the receptor cells or are 
an independent cell type. In association with this some authors discUss the process of taste bud 
formation in the lingual epithelium (Beidler and Smallman 1965; Farbman 1965b, 1980; 
Fujimoto and Murray 1970; Takeda 1976). They suggest that the origin of a taste bud and 
its localization are both determined and initiated by contact of epithelial cells with a nerve fibre. 
Some observations on the development of taste buds in relation to age of the animal have been 
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made in the tongues of sheep and pigs (Tichy and Cerny 1987; Tichy 1991 a, b, c, d, 1992a) • 
and the bud ultrastructure has been described (Tichy 1992 b). 

In addition to studying the ultrastructure of the bud and the process of its development, some 
authors were interested in the way gustatory stimuli are perceived (Adatia and Gehring 1971; 
Paran and Mattern 1975; Schiffman 1986) particularly in the first phase which occurs 
in the gustatory pore region. 

The data presented here show a considerable diversity of opinions on the structure, function 
and origin of each cell type involved in the taste bud. Moreover, the majority of studies have 
used laboratory animals or human material. Adequate data on farm animals, however, are missing. 
It is the aim of this study to add new facts to the understanding of the development of taste buds 
in the pig at an important stage of ontogenesis. 

Materia1s and Methods 

Samples of circumvallate papillae were collected from the tongues of three piglets two days 
after birth. The tissues were immediately fixed with glutaraldehyde in 0.1 M phosphate buffer 
(300 mmol/l) fot 4 h, washed with 4 changes of 0.1 M phosphate buffet and postfixed with OsO, 
(40 mmol/l) in 0.1 M phosphate buffer for 1 h. After dehydration with a graded acetone series 
(25 %,50 %,75 %,90 %, 100 %) the samples were embedded in Durcupan ACM and polymerized 
at 60°C for 3 days. Fixation, dehydration and embedding wete performed at room tempetature. 
All buffers were at a pH range of 7.4 to 7.42. 

Ultrathin sections were made with an Ultracut Reichert-J ung ultramicrotome. They were stained 
on grids (MESH 100) with uranyl acetate and lead citrate and examined and photographed with 
a Tesla BS 500 electron microscope. 

Semithin sections taken from the collected matetial were stained with methylene blue and 
Azure II (mixed 1: 1) on a plate 50°C warm for 1 min. 

Results 

• 

Taste buds in the epithelium of circumvallate papillae in two-day old piglets 
tapered towards the taste pore forming a thin neck. They consisted of three cell • 
types distinguished by electron microscopy as dark, light and receptor cells. 
Each type was different as for their appearance, and organelles and inclusions 
present in the cytoplasm. 

Dark cells (type I) were slim, running from the bud base up to the pore where 
they terminated in a narrow uneven area not extending above the level of the 
surrounding epithelium. The nucleus was usually elongated in shape and its 
nuclear envelope consisted of many irregular invaginations and the karyoplasm 
included regularly distributed minute clusters of heterochromatin (Plate II.) 

The cells were characterized by dark cytoplasm and frequent vacuoles, varying 
in size and shape, which were accumulated mainly in the area below the nucleus 
and in variable amounts the apical part. The cytoplasm of the basal part contained 
numerous bundles of filaments which were less frequent in the supranuclear 
region (plates 11.-V., Figs 2,3, 4, 5). Only some of the dark cells, mostly those 
at the bud periphery, had large quantity of glycogen particles in the cytoplasm • 
(Figs 2, 3). The granular endoplasmic reticulum was seen predominantly in the 
perinuclear area. A well developed Golgi complex was situated close below the 
nucleus surrounded by numerous mitochondria. These were elongated or ellipti-
cal with numerous cristae (Fig. 5). The apical part of the cytoplasm included in­
frequent granules (100-200 nm) with dark homogeneous content, and fine 
bundles of parallel filaments. Areas of dark matter in the taste pore were limited 
in extent and few in number (plate I., Fig. 1). 

This cell type made frequent contacts with nerve fibres, entering the taste 
bud in its bottom part. Some thin nerve fibres were often found encircled with 
cytoplasm of the dark cells; if in greater accumulation, these connections imitated 

• 
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Schwann's sheath. Structures indicating synaptic junctions were not observed 
but some wider nerve fibres contained minute light vesicles reminiscent of synap­
tic vesicles. 

Light cells (type II) were larger than the dark cells, had lighter cytoplasm and 
nucleus and, like dark cells, ran from the base of the bud to its pore. The nucleus 
usually had an irregular oval shape, low content of chromatin, and a nucleolus 
of the reticular type (Figs 2, 5, 6). 

The cytoplasm contained numerous light vesicles, varying in shape and size 
(60 to 200 nm), which were situated in the basal part as well as above the nucleus, 
small round or oval mitochondria and smooth endoplasmic reticulum distributed 
in the supranuclear region (Figs 2, 6). The Golgi complex was regularly larger 
that in the dark cells. Small glycogen inclusions dispersed in the cytoplasm and 
rare lysosomes were also seen. The apical part of the cell showed small light ve­
sicles and very fine, infrequently occurring bundles of filaments. The terminal 
narrow part of the cell entered the taste pore but did not come up above the epi­
thelial surface. 

Contact of the light cells with nerve fibres occurred over considerably large 
areas (Figs 5, 6) but never was a nerve fibre found to penetrate into the cytoplasm 
to form a "mesaxon" or synaptic junction even though some small vesicles were 
occasionally present in the axoplasm. 

Receptor cells (type III) were found sporadically in the central part of the taste 
bud. Their appearance, density and the shape of the nucleus were similar to 
the light cells (Fig. 6). They were seen as elongated, rather large cells; their oval 
nuclei showed shallow invaginations allover the surface (Figs 2, 4). Chromatin 
content was usually higher than in the light cells and clusters of heterochromatin 
were usually found close below the karyolemma (Fig. 6). As a rule, the cells were 
in contact with the dark cells through intercellular connections, appearing as 
small interdigits, producing numerous desmosomes. The cytoplasm was rich in 
cisternae of the granular endoplasmic reticulum, in round, rather large mito­
chondria and in irregularly dispersed fine bundles of filaments (Fig. 4). The Golgi 
complex was small and placed close to the nucleus. The cytoplasm also contained 
clusters of small light vesicles (30-60 nm) and occasional larger vesicles (100-150 
nm) with dark content. A more conspicuous accumulation of these structures 
was frequent near the area of cell-nerve fibre contact. The relation of nerve 
fibres to these cells was similar to that seen in type II cells. A connection resemb­
ling desmosome was occasionally found between the axolemma of an intragemmal 
nerve fibre and the membrane of a receptor cell (Fig. 4). The apical parts of 
receptor cells included minute light vesicles and numerous fine bundles of fi­
laments. 

Nerve fibres found in the lamina propria mucosae under the taste bud were 
covered only with the cytoplasm of Schwann's cells and comprised varying 
amounts of neurotubules, vesicles and mitochondria. The intragemmal parts of 
the nerve fibres were of two kinds, one thinner with neurotubulus and few mito­
chondria, and the other thicker with numerous mitochondria and small vesicles 
(about 50 nm). The thinner fibres were in contact with the dark cells while the 
thicker fibres connected with the light and receptor cells. 
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Discussion 

The ultrastructure of taste buds on the porcine circumvallate papilla, parti­
cularly in the areas of the taste pore and below it, was very similar to that descri­
bed by Takeda and Hoshino (1975) on fungiform papillae or on in the buds 
the exposed regions of foliate papillae. The deep and relatively narrow taste pore, 
small amounts of dark granules in the cytoplasm of type I cells, infrequent and 
small areas of dark matter in the pore and the fact that the terminal parts of both 
dark and light cells did not project above the surface epithelium indicate that 
the buds localized in the wall epithelium of circumvallate papillae in the pig 
are exposed to greater strain than those in the sheep in the same postnatal period 
(Tichy 1992b). This assumption is supported by the finding that the furrow 
encircling the circumvallate papilla is noticeably larger in the piglet than in 
the lamb (Tichy and Cerny 1987; Tichy 1991b, c), which means that the 
porcine taste buds are exposed to physical and mechanical factors to a great 
extent. Alternatively, the bud morphology may reflect the fact that differentiation 
in this area of the bud was not completed at the developmental stage studied. The 
supportive function of the dark cells is apparent from the presence oflarge numbers 
of filaments in the cytoplasm, which is higher than in the lamb (Tichy 1992b), 
and their secretory activity is evidenced by a rare occurrence of granules in the 
apical cytoplasm. The presence of vacuoles varying in size, mitochondria and 
glycogen particles in the cells of taste buds was reported in man by Paran et al. 
in 1975. It is apparent that this organelle content is related to high metabolic 
activity. Of interest was the finding of dark cells whose cytoplasm in the basal 
part was completely filled with many glycogen inclusions. Because these cells 
were found predominantly at the bud periphery, they may be considered tran­
sitional forms between perigemmal and type I cells and compared to the cells 
which Farbmann (1965a) referred to as peripheral. The terminal portions of 
dark cells extending into the taste pore were markedly thinner than the corres­
ponding cell parts in the ovine buds (Tichy 1992b) and were broken into irregu­
lar projections. However, the typical microvilli described in other mammaHn 
species (Murray 1977; Par an et al. 1975; Takeda and Hoshino 1975; Ta­
keda 1977) were missing. This may be either due to an incomplete process of 
differentiation of this cell type or a species-related difference in the shape of this 
part of the dark cell. Contact between these cells and nerve fibres is similar to 
that found in ovine taste buds (Tichy 1992b), i. e., the cytoplasm envelopes 
the fibre in the way Schwann's sheath is formed, which gives rise to a structure 
imitating a mesaxon. The presence of minute vesicles, known as synaptic vesicles 
(Paran and Mattern 1975; Paran et al. 1975), in the axoplasm of some larger 
fibres can be taken as evidence of the effector (secretory) function of these cells. 

The views on the function and role of the light cells in taste buds are very 
varied and were discussed earlier (Tichy 1992b). The small vesicles present 
in their apical cytoplasm and a rather large Golgi complex suggest secretory 
function. Oil the other hand, their generation by endocytosis should also be 
considered (Murray and Murray 1967), in which case the cell would serve 
as a mediator leading stimuli to the receptor cell (Farbman and Yankers 
1971). The nerve endings found to connect with the membranes of light cells 
seem to give support to this view. The occasional occurrence of small vesicles 
in the axoplasm of fibres in contact, however, does not give enough grounds for 
the assumption (Paran et al. 1975) that this is the ending of effector cells. From 

• 

• 

• 
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this point of view it will probably be more important to look for explanation of 
interconnected intragemmal nerve fibres observed by Takeda (1977). 

The receptor cells, resembling the light ones, are localized in the central part 
of the taste bud. In comparison with the ovine receptor cells (Tichy 1992b), 
their karyolemma shows only shallow and indistinct invaginations and the cyto­
plasm includes vesicles with dark matter and clusters of minute vesicles only on 
rare occasions. These two kinds of structures were more frequent in the basal 
extended parts of the cells which were the sites of contact with nerve endings si­
milar in appearance to those seen in the light cells. The occasional occurrence 
of dark vesicles in the cytoplasm of receptor cells, observed also in the sheep 
(Tichy 1992b), was in contrast with the data of some authors (Takeda and 
Hoshino 1975; Takeda 1977) who found clusters or aggregations of these 
structures in the close vicinity of the area where a nerve ending contacts with 
the cell. A likely explanation is that the amount of dark vesicles increases with 
their involvement in transferring stimuli from the cell to a sensory fibre. It has 
been suggested (Takeda 1977; Farbman 1980; Shepherd et al. 1986) that 
the process of transmission is mediated by neurotransmitters contained in the 
dark vesicles. The regular finding of a majority of small light vesicles in the area 
of contact between nerve fibres and the cells points to their role as synaptic 
vesicles (Murray 1973; Par an et al. 1975; Takeda 1977). As in the sheep (Ti­
chy 1992b), the synaptic connection failed to show the outlines of the cell mem­
brane, a fact also noted by some other authors (Murray 1973; Paran et al. 
1975). The desmosome-like contacts between intragemmal nerve fibres and the 
receptor cells observed on rare occasions seem to be analogous with the connections 
reported in other sensory organs of some mammals (Malinovsky and Pac, 1978; 
Malinovsky et al., 1982; Malinovsky, 1984). In the sheep, however, such 
structures were not recorded (Tichy 1992 b). 

Our results do not warrant a conclusion on whether the development in function 
of taste buds will result in further differentiation of their components or whether 
the observed structures are final, species-specific or site-specific structures of 
porcine lingual mucosa. All three aspects can be manifested in the ultrastructure 
of the taste bud (Murray 1973; Mattern and Paran 1974; Paran and Mattern 
1975). In our view the findings suggest that, similarly to the sheep (Tichy 
1992b), at this stage of development the process of differentiation has not been 
completed and therefore the taste bud cannot function in its full capacity. 

UltrastrUktura chufovYch pohBrku u prasete po narozeni 

V chuiovych poharcich, lokalizovanych na hrazenych papilach jazyka tfi selat 
stari dva dny po narozeni, byl sledovan v;Yskyt a stupen diferenciace tmav;Ych, 
svetlych a receptorov;Ych bunek, utvareni oblasti chuioveho p6ru, v;Yskyt a distri­
buce intragemaInich nervov;Ych vlaken a zplisob jejich kontaktu s jednotliv;Ymi 
bunecn;Ymi typy. 

Ze zfskanych v;YsledkU vypl;Yva, ze v chuiov;Ych poharcich selete jsou jiZ tesne 
po narozeni zastoupeny vsechny tfi sledovane typy bunek. J sou vfetenovite pro­
tazeny smerem k chuiovemu poru, avSak jejich apikalni usek neni clenen v ty­
picke mikroklky, uvadene v popisech ultrastruktury poharkU dospelych jedinc1i 
jinych druhli savc1i. Dalsf zjistene odlisnosti spoCfvaji v nepfilis cetnem vyskytu 
tmav;Ych sekretorick;Ych granul v cytoplasme tmav;Ych bunek a v ojedinelem 
zastoupeni tmav;Ych vesikul v buiikach receptorov;Ych. ApikaIni useky bunek 
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chuioveho poharku nedosahuji Urovne povrchu okolniho epite1u. Vsechny typy • 
bunek jsou v kontaktu s nervovjmi vlakny, avsak usporadanf kontaktti je odlisne 
u bunek tmavjch, svetlych a receptorovjch. 

VnbTpaCTPYKTYpa BKYCOBblX nYKOBHq nopOCSlT nocne pOH<,qeHHSI 

B pacnOnO>KeHHblX Ha >Ken060BaTblX COCOllKax Tpex nopOCSIT B B03paCTe 

ABoe CYTOK nocne pO>KAeHHSI BKYCOBblX nYKOBHLtaX npOBo.qHnH HccneAOBa­

HHSI HanHlIHSI H CTeneHH AHq,q,epeHLtHaLtHH TeMHbIX, CBeTnblX H peLtenTOp­

HblX KneTOK, CPOpMHpOBaHHSI 06naCTH BKYCOBOH nopbl, HanHlIHSI H pacnpe­

AeneHHSI HHT,pareManbHblX HepBHblX BonOKOH H cnoc06a HX KOHTaKTa 

C OTAenbHblMH THnaMH KneTOK. 

1i13 nonYlIeHHblX pe3ynbTaToB BbiTeKaeT, liTO BO BKYCOBblX nYKOBHLtaX 

nopoceHKa npeACTaBneHbl Y>Ke HenocpeACTBeHHO nocne pO>KAeHHSI Bce TpH 

HccneAyeMble THnbl KneTOK. OHH BepeTeHo06pa3HO BblTSlHYTbl no HanpaBne­

HI1IO BKYCOBOH nYKOBHLtbl, OAHaKO HX BepxywellHaSi lIaCTb He pa3AeneHa 

xapaKTepHblMI1 MHKPOBOpCI1HKaMH, npl1BOAI1MblMI1 B onHcaHHSlX ynbTpa­

CTPYKTYPbl nYKOBHLt B3pocnbiX oc06eH APyrHx BHAOB MneKonHTalOLLlHx. Cne­
AYIOLLlee YCTaHoBneHHoe Ipa3nHlIHe 3aKnIOlIaeTCSI B peAKoM HanHlIHH TeM­

HblX ceKpeTopHblX rpaHyneH B LtHTOnna3Me TeMHblX KneTOK H B eAI1HHlIHOM 

HanHlIl1H TeMHblX nY3blpbKOB B peLtenTOpHblX KneTKax. AnHKanbHble YlIacT­

KH KneTOK BKYCOBOH nYKOBHLtbl He AOCTHralOT ypOBHSI nOBepXHOCTH OKPY­

>KalOLLlerO 3nHTenl1S1. Bce THnbl KneTOK HaXOASlTCSI B KOHTaKTe C HepBHblMH 

BonoKHaMH, OAHaKO pacnOnO>KeHHe KOHTaKTOB TeMHbIX, CBeTnblX H peLten­

TOPHblX KneTOK oTnHlIaeTCSI. 
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Plate I. 
Tichy F.: The Ultrastructure of Taste Buds ... pp. 171-177 

Fig. 1: Apical part of a porcine taste bud. The regions of dark matter in the 
porus gustatorius (s), secretory granules in a dark cell (g) and part of a light 
cell (L). A perigemmal cell (P). X 8 000. 



Plate II. 

Fig. 2: Basal part of a porcine taste bud. Basement membrane (bm). Extension 
of a peripheral dark cell (D) with numerous glycogen inclusions in the cyto­
plasm. Receptor cell (R), light cell (L), nucleus of a dark cell (N). Intragemmal 
nerve fibres. Vacuoles in the dark cell cytoplasm (V). X 8 000. 

• 

• 

• 

• 

• 



Plate III. 

Fig. 3: Central region of a porcine taste bud base. Basement membrane (bm). 
Lamina propria mucosae with collagen fibres (k). Nerve fibres running under 
the basement membrane (nf) and fibres entering the bud (nf'). A great amount 
of glycogen inclusions, filaments and mitochondria in the cytoplasm of a perip­
heral dark cell (D). Vacuoles in the basal part of a adjacent dark cell (V). 
Pseudomyelin formations (p). X 16 000. 



Plate IV. 

Fig. 4: Middle region of a porcine taste bud. Dark cells (D) with nuclei. 
Receptor cell (R). Intragemmal nerve fibres (nf). Glycogen particles in the axo­
plasm (gl). Bundles of filaments in the dark cell cytoplasm (f). Pseudomyelin 
formation (p). Desmosome between the nerve fibre axolemma and the receptor 
cell (d). X 16 000. 
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Plate V. 

Fig. 5: Peripheral part of the middle region of a porcine taste bud. 
Mitochondria (M) and filament bundles (f) in the dark cell cytoplasm. Dark 
vesicles (dv) and lysosomes (1) in the extension of a receptor cell. Intragemroal 
nerve fibres (nf) with glycogen inclusions (gl). Light cell nucleus (N). 
Desmosome between the light and the receptor cells (d). X 16 000. 



Plate VI. 

Fig. 6: Nuclei of a light cell (L) and a receptor cell (R) in the middle region of a 
porcine taste bud. Nerve fibres (nf). Bundles of filaments (f) and a lysosome (1) 
in the dark cell cytoplasm. X 16 000. 
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