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SUMMARY:  This study aimed to reveal the morphometric differences between blind mole rats which live under ground and rats
which live under laboratory conditions with regard to the length, base width, keratinization thickness and microscopic papilla depth. For
this purpose, 7 adult blind mole rats and 7 adult Wistar albino rats were used in the study. All tongues were removed and fixed in 10 %
neutral formalin. 4-5 micrometer of sections were obtained from paraffine sections which were obtained with routine histological follow
ups and Crossman's modified triple staining was applied. While papilla length was found as 184.73±26.68 µm, base width 65.46±16.51
µm, keratinization thickness 11.60±1.37 µm, microscopic papilla depth 49.89±8.19 µm in blind rats; these values were found as
177.49±31.44 µm, 50.08±7.57 µm, 13.08±5.32 µm and 89.12±19.31 µm, respectively in rats. While a statistically significant difference
was not detected between lengths (p>0.05), the difference between papilla width was found significant (p<0.05). While keratinization
was found to be thicker on posterior side compared to anterior side in both species, a difference was not detected between keratinization
thickness measurements (p>0.05). The difference between two species with regard to papilla depth was detected to be significant (p<0.001).
The finding that papilla depth decreases as base width increases and the difference’s being statistically significant suggested that living
in different environments with different humidity could be effective on morphologic structures of the tongue in blind mole rats and rats.
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INTRODUCTION

 Tongue is an organ which consists specialized skeletal
muscle with different morphologic structures work to catch
food, keep them, swallowing and grooming hair (Kılınç et
al., 2010a).

An ample amount of macroscopic papillae are present
on dorsal side of the tongue. These papillae are defined as
filiform, conical, fungiform, foliate and circumvallate
papillae. Filiform papillae are the ones with mechanic effect
and do not include taste buds, have connective tissue and
covering keratinized squamous epithelium. Filiform
structures which are conical and cover dorsal side of the
tongue help keeping food within the mouth through
increasing friction surface (Iwasaki, 2002; Kılınç et al.,
2010b).

Tongue plays an important role in feeding together
with the intra-oral organs. Tongues of the animals which
live in different environments like mammals, poultry,
rodents, fish, reptiles, amphibian were analyzed
anatomically and histologically under light and electron
microscopy in many studies (Kumar et al., 1998; Nishida
et al., 2000; Pastor et al., 2008; Nonaka et al., 2008; Harem
et al., 2009; Kılınç et al., 2010a; Tütüncü et al., 2012;
Reginato et al., 2014; Kuloglu 2016).

Previous studies have reported that keratinization
degree and magnitude showed significant differences
between species and these differences were associated with
humidity (Iwasaki). Papillae on the tongue were also
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reported to show morphologic differences between species
(Iwasaki; Kuloglu, 2009; Kumar, 1998).

Blind rats are the rodents from Spalacidea family
which live under ground. Blind rats are fed with the parts
of the plants underground (eg. Tuber, onion, rhizome, root).
Potato, carrot and onion compose their food store. Wistar
albino rats are the rodents from Murinae family and the
most frequently used test animals (Ide & Mulazımoglu,
2012). These animals are raised under laboratory conditions
at 20-24 C and 60 % humidity and with food ad libitum.
Standard pellet rat food which consisted of 20-22 % pure
protein, 2600-2650 kcal/kg energy, 4-5 % pure fat and 5-7
% pure cellulose and with 12-16 mm diameter was used
as rat food (Ide & Mulazımoglu). Filiform lingual papilla
has great importance in taking food and keeping it in their
mouths.

A few studies have been encountered in literature
investigating morphometric characteristics of tongue
papillae. However no studies have been found comparing
blind rat and rat tongues anatomically and histologically.
This study aimed to reveal the morphometric differences
between blind rats which live underground and rats which
live under laboratory conditions with regard to the length,
base width, keratinization thickness and microscopic pa-
pilla depth. Obtained findings are suggested to contribute
to literature about the influence of living conditions and
feeding differences on histological structure of the tongue.

MATERIAL AND METHOD

The tongues of 7 adult blind mole rats (male and
female) were used in this study. The average weight of the
animals was approximately 200–220 g. Animals were
collected from steppe areas of Diyarbakir region in Turkey.
The specimens were handled and treated according to the
local Ethical Board guidelines of Dicle University.

Seven (7) adult Wistar albino rats (male and female)
were obtained from the Sabahattin Payzın Health Sciences
Research and Application Centre of Dicle University. The
animals were handled in accordance with the guidelines of

Dicle University on the care and use of animals
(DÜHADEK-2005/40).

The animals were sacrificed by an overdose of
intramuscular injection of sodium pentothal and their tongues
were then immediately removed.

All tongues were removed and fixed in 10 % neutral
formalin. 4-5 micrometer of sections were obtained from
paraffine sections which were obtained with routine
histological follow ups and Crossman's modified triple
staining was applied. Morphometric measurements of
filiform lingual papilla were done with ocular micrometers
using 20 objective magnification. Whether there is a
difference with regard to the length, base width,
keratinization thickness and microscopic papilla depth were
evaluated with Mann Whitney U test in SPSS program.

RESULTS

Filiform lingual papillae were seen to be present on
dorsal surface of the tongue most, their length was seen to
increase toward caudal and sharp ends of the papillae were
seen to directed toward caudal. Keratin layer on posterior
surface of filiform lingual papillae was seen to be thick and
the keratin layer on anterior surface was seen to be thinner
in both species. Filiform lingual papillae were seen to be
located with larger intervals in blind rats compared to rats.

Length, base width, keratinization thickness and
microscopic papilla depth of filiform lingual papillae are
shown in Figure 1 and 2.

While a statistically significant difference was not
detected between blind rats and rats with regard to filiform
lingual papilla length (p>0.05), the difference between papi-
lla width was seen to be statistically significant (p<0.05). While
keratinization was detected to be thicker on posterior side
compared to anterior side in both species, no difference was
detected when keratinization thickness measurements were
compared statistically (p>0.05). The difference between two
species was found statistically significant when microscopic
papilla depth was evaluated (p<0.001) (Table I).

a, b; difference between groups (p< 0.05).

Table I. Changes in the size (µm) of the papillae filiform between Blind Mole Rat and Wistar albino Rat.
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Measurement sitesSpecies
Papilla length Papilla base width Keratinization thickness Microscopic papilla depth

Blind mole rata 184.73±26.68 65.46±16.51 11.60±1.37 49.89±8.19
Ratb 177.49±31.44 50.08±7.57 13.08±5.32 89.12±19.31
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DISCUSSION

Filiform lingual papillae are accepted to have a
mechanic function through providing a rough surface proper
for movement and grinding of food. Size and shape of
filiform lingual papillae differ among species living in
different growing environments (Iwasaki; Kuloglu, 2016).

Filiform lingual papillae are as keratinized strand in
equidae and also they are thin, long, irregular and high in
amount. They are conical, regular and toward caudal in
ruminants. They are as two prominences with different size
and aligned as a crown toward caudal in carnivores. They

are conical and in different lengths in rodents (Kılınç et al.,
2010; Nonaka et al., 2008).

Kılınç et al. (2010b) reported that filiform lingual
papillae are in strand shape, intensive on dorsal surface of
the tongue and in different sizes in different regions of the
tongue in their study conducted with blind mole rats. The
studies conducted with rats reported that filiform lingual
papillae are more abundant on dorsal surface of the tongue
however decreased toward caudal (Iwasaki et al., 1997;
Kılınç et al., 2010; Reginato et al., 2014). They reported
that filiform lingual papillae covered the whole surface of
the tongue, directed toward caudal and their length increased
toward caudal (Kılınç et al., 2010). The study conducted
with rabbits reported that filiform papillae are relatively sim-
ple and conical on anterior side including the tip of the tongue
and similar with those of rat, mouse, hamster (Nonaka et
al., 2008).

This study has revealed that filiform papillae are
found more on dorsal surface of the tongue, papilla lengths
vary among different regions of the tongue in blind mole
rats, and they are more on dorsal surface of the tongue and
decreased toward caudal in rats as in various rodent species.

Iwasaki reported that keratinization in tongue varied
depending on humidity and increased in drier environments.
The present study revealed no significant difference between
blind mole rats and rats in different environments with regard
to keratinization thickness and localization.

Previous studies reported that papillae on the tongue
showed morphologic differences between species in different
environments (Iwasaki; Kuloglu, 2016). The present study
detected that filiform papillae were localized with larger
intervals in blind mole rats compared to rats. This
morphologic difference in rats fed with pellet food under
laboratory conditions could help mechanic degradation and
digestion of food through increasing friction surface.

In this study, length, base width, keratinization and
microscopic papilla depth of filiform papillae of blind mole
rats and rats were measured with morphometric method and
a significant difference was not found between species with
regard to length and keratinization thickness (p>0.05), the
difference was found significant between species with regard
to base width and microscopic papilla depth (p<0.001). Pa-
pilla length was found as 184.73±26.68 µm, base width
65.46±16.51 µm, keratinization thickness 11.60±1.37 µm,
microscopic papilla depth 49.89±8.19 µm in blind mole rats,
these values were found as 177.49±31.44 µm, 50.08±7.57
µm, 13.08±5.32 µm and 89.12±19.31 µm, respectively in
rats. The finding that papilla depth decreases as base width

Fig. 1. Measurement sites in blind mole rat (Crossmann’s triple
X20).

Fig. 2. Measurement sites in rat (Crossmann’s triple X20).
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increases and the difference’s being statistically significant
suggested that living in different environments with different
humidity could be effective on morphologic structures of
the tongue in blind mole rats and rats.

In conclusion, it may be suggested that morphologic
structure of the tongue and specialized structures on the
tongue may be influenced from different humidity when
blind mole rats which live underground were compared with
rats which live under laboratory conditions.
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RESUMEN: Este estudio tuvo como objetivo revelar las diferencias morfométricas de las papilas linguales filiformes entre
ratas topo ciegas que viven bajo tierra y ratas que viven en condiciones de laboratorio, con respecto a la longitud, ancho de la base,
espesor de la queratinización y profundidad microscópica de las papilas. Para este propósito, se utilizaron 7 ratas topo ciegas adultas
y 7 ratas albinas Wistar adultas. Se retiraron  las lenguas y se fijaron en formalina neutra al 10 %. Se obtuvieron secciones de 4 a 5 µm
a partir de técnicas histológicas de rutina, aplicándose la tinción triple modificada de Crossman. En las ratas topo ciegas se obtuvieron
los siguientes datos morfométricos en relación a las papilas linguales filiformes: longitud 184,73 ± 26,68µm, ancho de la base 65,46
± 16,51 µm, espesor de queratinización 11,60 ± 1,37 µm, profundidad microscópica de la papila 49,89 ± 8,19 µm, mientras que en las
ratas control, los valores que se encontraron fueron 177,49 ± 31,44 µm, 50,08 ± 7,57 µm, 13,08 ± 5,32 µm y 89,12 ± 19,31 µm,
respectivamente. Si bien no se detectó diferencia estadísticamente significativa entre las longitudes (p> 0,05), la diferencia del ancho
de la papila fue significativa (p <0,05). Mientras que la queratinización fue más gruesa en la parte dorsal comparado con la parte
ventral en ambas especies, no se detectó diferencia entre las mediciones de espesor de la queratinización (p> 0,05). Se detectó que la
diferencia entre las dos especies con respecto a la profundidad de la papila era significativa (p <0,001). Se determinó que la profundi-
dad de la papila disminuye a medida que aumenta el ancho de la base y la diferencia es estadísticamente significativa, lo que sugiere
que vivir en diferentes ambientes con diferente humedad podría ser eficaz en las estructuras morfológicas de la lengua de ratas topo
ciegas y de ratas de laboratorio.

PALABRAS CLAVE: Rata topo ciega; Papila lingual filiforme; Morfometría.
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