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Investigations on the postnatal development  
of the foliate papillae using light and scanning electron 
microscopy in the porcupine (Hystrix cristata)
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ABSTRACT: In this study SEM and light microscopy were used to investigate the structure of the foliate papillae 
in the porcupine. The foliate papillae consisted of about 10 or 11 clefts. The length of the foliate papillae averaged 
2.79 mm and its width averaged 863 µm. Taste buds were located intraepithelial in the basal half of the papilla 
grooves (sulcus papillae). Every wall on each fold harboured from five to nine taste buds. There were two different 
cell types of taste buds: one stained light (epitheliocytus sensorius gustatorius), and the other dark (epitheliocytus 
sustentans). The length and width of the taste buds averaged 190.5 µm and 86 µm, respectively. The ratio of the 
length to the width of taste buds was 2.21. The average depth of the papilla groves was 1763 µm and its epithelial 
thickness was 235.5 µm. In scanning electron microscopy, the thickness of the epithelial cell borders was appar-
ent at higher magnifications and there micro-ridges and micro-pits were apparent on the surfaces of these cells.

Keywords: porcupine; Hystrix cristata; foliate papillae; scanning electron microscope (SEM)

Several studies have examined the structure of 
the taste buds in rodents (Hamed et al. 1980; Hosley 
and Oakley 1987; Smith and Miller 1987; Iwasaki 
et al. 1996, 1997). In a further study (Kubota et al. 
1966) the foliate papillae are mentioned, but there 
is no further detailed information.

The foliate papillae are located between the 
body and radix of the tongue, in front of the arcus 
glossopalatina on the postero-lateral sides of the 
tongue and opposite the molar teeth in rats, mice 
and in hamsters (Miller and Chaudry 1976; Gude 
et al. 1982; Miller and Smith 1984, 1988; Paulson 
et al. 1985; Royer and Kinnamon 1988; Toprak and 
Yilmaz 2007). Foliate papillae are located vertically 
to the tongue length axis and are parallel to the 
mucosa folds (Kobayashi 1990, 1992).

The structure of the foliate papillae was studied 
in the flying squirrel (Emura et al. 1999), in rabbits 
(Kobayashi 1992) and in mice (Paulson et al. 1985; 
Toprak and Yilmaz 2007) using SEM.

The purpose of this study was to investigate, us-
ing SEM and light microscopy, the structure of the 
foliate papillae in the porcupine.

MATERIAL AND METHODS

Five adult porcupines (three males and two fe-
males) were used in this study. They were captured 
and seriously injured by villagers in Eastern Anatolia 
(Turkey) and anaesthetised by an overdose of pentho-
tal (sodium penthotal) anaesthetic (10 ml/kg).  
Euthanasia of the animals was carried out accord-
ing to local ethical committee regulations. For the 
light microscopic examination, the area where the 
foliate papillae were found was fixed with a 10% 
formalin solution. After an alcohol and xylol se-
ries papillae samples were processed routinely and 
embedded in paraffin and sectioned at 5–7 µm. 
Sagittal cuts from the papillae were stained using 
haematoxylin-eosin (Luna 1968). For the scanning 
electron microscopic examination, tongue samples 
were immersed in a 3% glutaraldehyde solution 
with phosphate buffer (pH 7.3). After rinsing in 
buffer, tissues were post-fixed in 1% osmium tetrox-
ide at 37 °C for one and a half hours. After post-
fixation, the samples were placed in 3M NHCl at 
60 °C for 20 min to remove the extracellular mucus 
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from the surfaces of the tissues. The samples were 
dehydrated in an alcohol and amyl acetate series 
and dried using a Polaron CPD 7501 critical-point-
dryer (VGMicrotech, East Sussex, UK). Specimens 
were then coated with gold and examined under a 
Jeol JSM 5600 scanning electron microscope (Jeol 
Ltd., Tokyo, Japan) at 5–15 kV.

RESULTS

The tongue averaged 6.7 cm in length and 1.6 cm 
width in the corpus region. The median sulcus was 

deeper in the anterior third than the middle third 
of the tongue; the posterior third had a rare me-
dian sulcus. The dorsal surface of the tongue was 
covered with non-keratinised stratified squamous 
epithelium underlined by lamina propria and a 
muscular layer.

The foliate papillae were located on the poste-
ro-lateral borders of the tongue. They contained 
approximately 10 or 11 clefts. The length of the 
foliate papillae averaged 2.79 mm and its width was 
863 µm (Figure 1). Taste buds were located intraepi-
thelial in the basal half of the papilla grooves (sulcus 
papillae). 

Figure 1. Clefts of the foli-
ate papillae. 12KV × 35 BAR: 
500 µm 0000 JSM-5600

Figure 3. The appearance of the foliate papilla at higher 
magnification. Micro-ridge (mr), micro-pit (mp) and cell 
borders (arrows), 12KV × 1000 BAR: 10 µm 0000 JSM-5600

Figure 2. Taste buds (t), groove of the papilla (u), taste 
pores (arrow) and taste buds cells [light (g) and dark (d)]; 
H.E. × 200
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Every wall of folds contained from five to nine 
taste buds. There were two different types of cells 
comprising the taste buds; one which stained light 
(epitheliocytussensoriusgustatorius) and another 
which stained dark (epitheliocytussustentans) could 
be distinguished (Figure 2). The length and width 
of taste buds averaged 190.5 µm and 86 µm, respec-
tively. The rate of the length to the width of taste 
buds was calculated to be 2.21.

The average depth of papilla groves was 1763 µm 
and the epithelial thickness was 235.5 µm. With 
the use of scanning electron microscopy, the foli-
ate papillae were clearly distinguished. The thick-
ness of the epithelial cell borders was apparent 
at higher magnifications and micro-ridges and 
micro-pits were apparent on the surface of these 
cells (Figure 3).

DISCUSSION

The number of foliate papillae ridges has been 
reported as seven or eight rows by Kubota and 
Togowa (1966) in the Japanese dormouse, 34 rows 
by Emura et al. (1999) in flying squirrels, 15–20 rows 
by Kobayashi (1992) in rabbits, and seven to eight 
rows by Paulson et al. (1985), four to six rows by 
Toprak and Yilmaz (2007) and four to five rows by 
Royer and Kinnamon (1988) in mice, and 20 rows 
by Kubota et al. (1966) in porcupines. In this study, 
10–11 foliate papillae ridges were observed in con-
trast to the report of Kubota et al. (1966).

Kobayashi (1992) reported that the width of papil-
lae ridges was 220 µm in rabbits and that the width 
of each groove was about 30 µm. Toprak and Yilmaz 
(2007) reported that the ridges of foliate papillae 
increased to 178 µm in length and 157 µm in width, 
the depth of grooves was 131 µm and the width of 
the grooves was 24 µm by the 90th day of age of 
the animal. Royer and Kinnamon (1988) observed 
that the average depth of the papillae grooves was 
150 µm. In this study, foliate papillae were found 
to be 2.79 mm in length, 863 µm in width and the 
depth of grooves was 1763 µm.

State et al. (1974) detected five different type cells 
in the taste buds using light microscopic exami-
nation of the albino rat. Using light microscopy, 
Toprak and Yilmaz (2007) reported that dark- and 
light-stained taste bud cells were also present in 
mice. Royer and Kinnamon (1988) reported dif-
ferent taste bud cell types such as dark, light and 
intermediate in mice using electron microscopy. 

The results of this study are similar to those of 
Toprak and Yilmaz (2007). 

The length of foliate papillae taste buds was re-
ported to be 100–125 µm in hamsters (Miller and 
Chaudry 1976) and 42.21 µm in mice (Toprak and 
Yilmaz 2007). The width of the foliate papillae taste 
buds was reported to be 50–80 µm in hamsters 
(Miller and Chaudry 1976) and 27–28 µm in mice 
(Toprak and Yilmaz 2007). In this study, the length 
and width of taste buds were 190.5 µm and 86 µm, 
respectively.

It has been reported that the borders of surface 
cells were clear (Svejda and Janota 1974; Toprak 
and Yilmaz 2007) and that there were many micro-
ridges on surface cells (Agungpriyono et al. 1995; 
Utiyama et al. 1995; Toprak and Yilmaz 2007). The 
findings of this study are in agreement with these 
earlier results.

In this study, light and scanning electron micros-
copy was used to determine the structures of the 
papillae foliate in porcupines. It is hoped that the 
results presented here may contribute to enhancing 
our understanding of these structures.
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