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Bothrops jararaca (Wied-Neuwied, 1824), popularly 
known as jararaca, is a species of snake of the family 
Viperidae found in Brazil, Paraguay and northern 
Argentina (Warrell, 2004). It inhabits forests but 
can also be found in degraded areas (Campbell and 
Lamar, 2004). It is a poisonous species with mainly 
nocturnal habits (Sazima, 1992; Warrell, 2004) and 
ambush behavior, which can also use the active 
search strategy, depending on the size of the prey 
(Greene, 1997). It feeds mainly on small vertebra-
tes, but adult and young individuals have different 
feeding habits. The young animals prey mainly on 
frog amphibians, while the adults, prey on rodents 
(Sazima, 1992). 

Generally, the main function of the tongue is to 
contribute to feeding, participating in the capture of 
prey, ingestion and swallowing of food, tasting and, 
in some reptiles, it can play a role in olfaction in 
association with the vomeronasal organ (Schwenk, 
2000; Iwasaki, 2002). In snakes, there  is a growing 
evidence that the vomeronasal organ and, indirectly, 
tongue flicking, is involved in many activities inclu-

ding tailing, recognizing, striking, and swallowing 
prey, predator recognition, courtship, maternal 
care, aggregation, exploration, and habitat selection 
(Burghardt, 1980; Teshera and Clark, 2021). 

The tongue of reptiles has morphological and 
functional variations between orders, reflecting 
differences in feeding, habitat and habits (Iwasaki, 
2002; Koca et al., 2007). Thus, this study aimed to 
describ the morphological characteristics of the 
tongue of Bothrops jararaca, through macro and 
microscopic analysis.

 For this work, five adult animals of Bothrops 
jararaca species were used. The animals were co-
llected in the municipality of Viçosa, in the Zona 
da Mata Mineira region (IBAMA license: 10504-1). 
The entire procedure was conducted in accordance 
with the “Ethical Principles for the Use of Laboratory 
Animals” (Brazilian College of Animal Experimen-
tation - COBEA, 1991), which was approved by the 
Ethics Committee for the Use of Animals (CEUA) of 
Federal University of Viçosa (protocol 27/2016). The 
animals were euthanized with an intraperitoneally 

Recibida:  0 5  E n e r o  2 0 2 2
Revisada:  0 4  M a r z o  2 0 2 2
Aceptada:  0 4  O c t u b r e  2 0 2 2
Editora  Asociada:  S .  Quinzio

doi:  10.31017/CdH.2023.(2022-001)

ABSTRACT
The tongue has a series of functions that can be related to feeding, such as transporting food 
to the back of the mouth, sensory function and capturing prey. The tongue of the reptiles has 
great morphological and functional variations between orders. This study aimed to described 
the morphological characteristics of the tongue of the snake Bothrops jararaca, relating them 
to the habitat and eating habits of this species. This work used five adult animals which were 
collected in the municipality of Viçosa, in the Zona da Mata Mineira region. The animals were 
euthanized, with anesthetic overdose, for the removal of the tongue, which was used for histo-
logical processing and scanning electron microscopy. The tongue had stratified epithelium with 
an extensive degree of keratinization and pigmentation. It was shown to be strongly muscular, 
innervated and vascularized. Keratinization and pigmentation is an important protection me-
chanism, due to the protrability of this organ, which is exposed to the environment to capture 
odors and locate prey. Mucous secretion was present as an important tool for lubrication and 
protection of the lingual lining. The tongue of the B. jararaca has no papillae and taste buds, 
being its function strictly olfactory, in association with the vomeronasal organ.
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Figure 1. Anatomy of the tongue of Bothrops jararaca. A) Buccal 
floor forming a tubular structure (asterisk) that surrounds the 
tongue, whose apex is bifurcated (insert, arrow head). B) Ventral 
face of the tongue with deep central groove (arrow). Scale: 1cm

injected overdose of pentobarbital. After euthanasia, 
the animals were measured and weighed. Tongue 
fragments were collected and fixed in Carson’s for-
malin (Carson et al. 1973) for 24 hours.

 The fragments were analyzed for anatomical 
description, with the use of a stereoscopic micros-
cope (Olympus SZ40). The tongue was divided 
into three regions for histological analysis: anterior 
(apex), middle (body) and posterior (root) thirds. 
Then, fragments of these regions were dehydrated 
in a growing ethyl series, included in glycol-metha-
crylate resin and sectioned by a rotating microto-
me (RM2055, Leica), which provided 3 µm thick 
semi-serial sections. The sections were stained with 
toluidine blue in 1% sodium borate, for histological 
description, and subjected to the following histoche-
mical methods: Alcian blue (AB) pH 2.5 and pH 0.5, 
aiming to detect acidic mucins and mucin sulfated 
acids, respectively (Bancroft and Stevens, 1996); 
periodic acid of Schiff (PAS) for neutral mucins 
(Pearse, 1968); Sudan black for lipids (McManus and 
Mowry, 1960) and Ponceau’s xylidine (PX) (Kiernan, 
1990) for the identification of general proteins. The 
observation and photographic record of the sections 
were performed in a light microscope coupled with 
a digital camera (Olympus BX53). Fragments from 
the three regions were also used for scanning elec-
tron microscope analysis. They were placed in stubs, 
taken to the carbon evaporator (Quorum Q150 T) 
and then metallized with gold by the Balzers Union 
FDU 010 Modular Equipment, composed of Meta-
llizer (“Sputter coating attachment”) SCA 010. Next, 
the material was analyzed using a scanning electron 
microscope (Leo, 1430VP).

 Among the results of this work, it was obser-
ved that the Bothrops jararaca’ tongue is surrounded 
by the buccal floor, which is a tubular structure hou-
sing the tongue (Fig. 1A). The tongue of this species 
is long, elongated and narrow, tapering at the apical 
end, which is bifurcated (Fig. 1A). Pigmentation is 
observed throughout the tongue (Fig. 1B), especially 
on the dorsum, whose texture is almost smooth, with 
small transverse grooves arranged dorsolaterally 
(Fig. 1C). In the venter, a deep central groove is ob-
served, starting from the bifurcation and arranged 
throughout the tongue (Fig. 1B).

 The protractile and bifurcated tongue of 
the Bothrops jararaca allows the capture of chemi-
cal substances from the environment and potential 
prey, taking these substances to the vomeronasal 
organ. Also known as the Jacobson organ, it is a 

small tubular structure with auxiliary olfactorial 
function, located in the posterior-inferior portion 
of the cartilaginous nasal septum, close to the union 
with the vomer (Burghardt, 1970). Some studies 
indicate the occurrence of a co-evolutionary process 
between the tongue and the vomeronasal organ in 
the irradiation of squamates (Cooper, 1994; Cooper, 
1997a; Filoramo and Schwenk, 2009). This process is 
related to the shape and elongation of the tongue and 
presence of bifurcation (Cooper, 1994; Cooper, 1995; 
Cooper, 1997b). Parker et al. (2008) suggested that 
the lingual bifurcation in snakes serves to increase 
area of   chemosensory detection. 

Histologically, the tongue of the snake B. ja-
raraca has a stratified squamous epithelium widely 
keratinized and pigmented throughout its length 
(Fig. 2A). This characteristic may be related to the 
“flicking” pattern (when the tongue protrudes out 
of the mouth) of the tongue of this species, due to 
external stimuli, such as the presence of prey or 
predators, also involving behavioral and seasonal 
aspects (Gove, 1979; Graves and Halpern, 1990; Bels 
et al., 1994). The “flicking” of a snake’s tongue is a 
form of adsorption of odorant in the air (Halpern et 
al., 1986). In other words, it has a sensory function, 
capturing odorous molecules for the vomeronasal 
organ. Therefore, the tongue is strongly exposed 
to environmental aggressions, while keratin and 
pigment protect and provide resistance against da-
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Figure 2. Light microscopy photos of the tongue and buccal floor of Bothrops jararaca. A) Buccal floor (bf) of 
pseudostratified ciliated epithelium (pce) on the external surface and stratified polyhedral epithelium (spe) on 
the internal surface, facing the cavity where the tongue (t) is located, which has a squamous stratified epithelium 
(sse) with keratin (k) and pigmentation (p). Anterior region; toluidine blue staining. B) Buccal floor, showing the 
pseudostratified ciliated epithelium and PAS-positive mucous cells (mc). Anterior region; periodic acid Schiff (PAS) 
staining. C) Buccal floor, showing the pseudostratified ciliated epithelium with AB-positive mucous cells (mc). 
Posterior region; Alcian blue (AB) and safranin staining. D) Branched tubular mucous gland of the buccal floor, 
with PAS-positive secretion. Middle region; periodic acid Schiff (PAS) staining. E) Branched tubular mucous gland 
with AB-positive secretion. Middle region; Alcian blue (AB) and safranin staining. bv: blood vessel; c: cartilage; ct: 
connective tissue; gl: gland; m: muscle (skeletal striated); n: nerve.
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mage (Stern, 1980; Avery, 1987). Bothrops jararaca 
inhabits dry environments with high temperatures, 
thus, keratinization is extremely important to protect 
the protractile tongue of these animals. 

In Bothrops. jararaca, the tongue is highly 
muscular, filled with skeletal striated muscle, which 
is arranged in a unidirectional and compacted man-
ner, permeated by blood vessels and nerve bundles; 
and showed no lingual glands and no adipose tissue 
(Fig. 2A). This disposition of the muscle tissue, uni-
directional and juxtaposed, may imply more targeted 
movements of the tongue, since the tongue of this 
species is not related to the admission of food, but 
to the capture of odorous molecules.  The muscular 
tissue allows the sliding and stretching of the ton-
gue, in the “tongue-flicking” behavior (El-sayyad, 
2011). According to Smith et al. (1990), the tongue 
of snakes is composed of a few muscle groups, 
which are responsible for its flicking movement, 
and, despite general similarities, distinct patterns 
of intrinsic tongue musculature characterize each 
infraorder of snakes. 

Through histochemical methods, it was obser-
ved that the oral floor is lined with pseudostratified 
ciliated epithelium (Fig. 2A) with PAS-AB-positive 
mucous cells (Fig. 2B and C), and filled with loose 
connective tissue with blood vessels, muscle bundles 
and a well-developed compound gland, whose duct 
opens in the cavity where the tongue is located (Fig. 
2A). This cavity is lined with stratified polyhedral 
epithelium. The compound gland can be classified as 
branched tubular mucosa, with PAS-AB-positive and 
PX-negative secretion (Fig. 2 D and E), characteristic 
of sublingual salivary gland. Mucous secretion is 
important due to its lubricating action, prevention 
of damage to the epithelium, aid in swallowing and 
defense against harmful bacterial colonizations 
(Arellano et al., 1999; Radaelli et al., 2000; Dome-
neghini et al., 2005). Neutral mucus is denser than 
acidic mucus and therefore has a greater capacity 
to form protective barriers (Beamish et al., 1972). 
The protection and lubrication provided by mucous 
secretion are crucial in view of the protractability 
of the tongue, especially in the snake B. jararaca, 
whose tongue moves within the tubular structure 
of the oral floor. No serous cells were observed in 
the glands of the studied specie. Therefore, there is 
no secretion of enzymes or other proteins, which 
differs from the observed in some species of reptiles, 
such as the American chameleon Anolis carolinensis, 
whose lingual epithelium presents cells with mucous 

and serous granules (Rabinowitz and Tandler, 1986).
According to scanning microscopy, on the 

dorsum of the tongue of B. jararaca, small longitu-
dinal grooves are observed, in addition to transverse 
grooves on the dorsolateral edges (Fig. 3A). There 
are porous undulations along the dorsum and venter 
of the tongue (Fig. 3B), and the epithelial surface has 
a flattened but irregular appearance (Fig. 3C). The 
snake B. jararaca showed no lingual papillae and the 
tongue is almost smooth, which is certainly related 
to the fact that the tongue of this species, as well as 
for other snakes, are not important for the direct 
admission of food, but exclusively used in coopera-
tive olfaction, together with the vomeronasal organ 
(McDowell, 1972; Gillingham and Clark, 1981). 
In snakes, the vomeronasal organ facilitates prey 
identification, courtship, and aggregation (Teshera 
and Clark, 2021). According to the review made 
by these authors, all viperids that hunt large prey 
inject venom to kill it, and this reliance on venom is 
associated with a suite of related physiological and 
behavioral traits that has facilitated the evolutionary 
success of this group. One of these traits is the pro-
cess termed strike-induced chemosensory searching. 
This specialized form of chemosensory searching is 
a critical aspect of the overall phenotype that allows 
viperids to kill and ingest prey items that are not only 
well defended with teeth and claws, but also can be 
larger than the snake itself. The vomeronasal organ 
and the tongue comprise the accessory olfactory 
system, which is one of three major chemosensory 
systems possessed by squamates, the other two being 
gustation and the main olfactory system. The prio-
ritization of the accessory olfactory system over the 
main olfactory system occurs in snakes and some 
lizards.

Corroborating the histological findings, in 
scanning electron microscopy the buccal floor had 
a velvety surface on its external face (facing the oral 
cavity) (Fig. 3D), certainly due to the presence of 
ciliated cells. On the internal face (facing the cavity 
where the tongue is housed), its surface was frag-
mented (Fig. 3E), due to the presence of polyhedral 
cells.

This study aimed to describe the morphologi-
cal structure of the tongue of B. jararaca. The tongue 
of this species is protractile and bifid, with great 
exposure to the environment for the identification of 
odors and the location of prey, requiring protection 
mechanisms, such as stratified pigmented keratini-
zed epithelium and mucus secretion. This structure 
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Figure 3. Scanning microscopy photos of Bothrops jararaca tongue. A) Dorsum of the tongue showing the small longi-
tudinal grooves (arrow) and transverse grooves (arrow head). B) Undulations with a porous aspect on the lingual surface. 
C) Flattened epithelium of the lingual surface. D) Surface with velvety appearance, due to the presence of ciliated cells. E) 
Surface with a fragmented aspect, due to the presence of polyhedral cells.
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has a strictly sensory function, with participation 
in the sense of smell, presenting a smooth surface 
devoid of papillae. The absence of taste buds on the 
tongue of this species reveals that this organ has no 
role in tasting. Thus, there is a clear relationship bet-
ween the morphology of the tongue and the feeding 
behavior of this species of reptiles, and in the case 
of the Bothrops jararaca with an important olfactory 
sensory function for capturing prey.
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