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ABSTRACT

The structural organization of the anterior third of adult rabbit tongue was studied using light microscopy and

conventional and high resolution scanning electron microscopy. Histologically, the muscle layer of the tongue consisted

of muscle fibers arranged vertically, transversally and longitudinally. These fibers were surrounded by connective

tissue containing bundles of collagen fibers that formed the endomysium and the perimysium. Capillary blood vessels

were noted in the connective tissue between muscle fibers. Silver impregnation demonstrated the presence of numerous

bundles of nerve fibers distributed irregularly around the muscle fibers. High-resolution scanning electron microscopy

showed that the sarcoplasm of the muscle cells consisted of bundles of myofilaments arranged longitudinally and

numerous mitochondria.
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INTRODUCTION

In animals with taste buds the tongue has sensorial

functions and is also involved in mastication and

swallowing, in the arrangement of teeth and in

phonation. The tongue consists of extrinsic and

intrinsic muscle fibers arranged transversally,

vertically and longitudinally [28].

The tongues of several species of animals have

been studied, especially the structure and function of

the taste buds [10,16,18,25]. More recent work has

assessed the usefulness of tongue morphology for

classifying animals and for explaining the

specialization of the masticatory system. Several

investigations using rabbits have examined the

embryology, function and the capacity of the tongue

to heal and regenerate after surgery [1,8,9,15,17].

In addition to elective surgeries, several esthetic

surgical procedures are now common, including

piercing the body of the tongue, or bisectioning the

tip of the tongue to produce a bifurcated or bifid

tongue known as “snake tongue”. Since all of these

procedures alter the function of the tongue, they also

probably affect the ultrastructure of the muscles

involved.

In this study, we examined the three-dimensional

and ultrastructural characteristics of the muscle of the

anterior third of rabbit tongues using light microscopy

and conventional and high resolution electron

microscopy.

MATERIAL AND METHODS

The tongues of eight adult (2-3 Kg) rabbits (Oryctolagus

cuniculus) of both sexes were used. The rabbits were anesthetized

with i.v. injection of sodium pentobarbital (30 mg/Kg) and

perfused with modified Karnovsky’s containing 2.5%

glutaraldehyde and 2% paraformaldehyde in 0.1 M sodium

phosphate solution (pH 7.4). For scanning electron microscopy,

six tongues were fixed in the same solution for 24 h at 4°C and

then frozen in liquid nitrogen (-196°C) and fractured with a chisel

and hammer. Some specimens were incubated with 10% NaOH

solution for 4 to 6 days to digest the soft tissues. Subsequently,

all specimens were rinsed in distilled water then postfixed in

1% OsO
4
 in 0.1 M sodium phosphate buffer (pH 7.4) for 2 h at

4°C and dehydrated through a graded ethanol series before critical

point drying. The specimens were mounted on metal stubs,

coated with gold and examined with a JEOL JSM-6100

scanning electron microscope [25].

For routine light microscopy, two tongues were fixed in 10%

formalin or Bouin’s fixative for 12 h, and then embedded and

stained with hematoxylin-eosin, picro-sirius and azo-carmin. To

observe the nerve fibers, tongues were fixed in formalin for 20

days at room temperature and sections 40-60 μm thick were cut

on a cryostat (Kriostil System  Ditts, Duspiva). The specimens

were dehydrated, immersed in 20% silver nitrate solution and

developed and fixed as described elsewhere [40]. The sections

were examined with a Zeiss photomicroscope.
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For high-resolution scanning electron microscopy

(HRSEM), the samples were prepared using the prefixation

osmium-dimethyl sulfoxide (DMSO) method [32-34,39]. The

samples were fixed in 2% buffered osmium tetroxide for 2 h at

4°C, rinsed in distilled water and then immersed in 12.5%, 25%

and 50% DMSO for 30 min each. The specimens were frozen

on a metal plate, chilled with liquid nitrogen and split with a

razor blade and a hammer in a freeze-fracture apparatus (TF-1,

Eiko Engineering Co. Ltd., Japan). The pieces were placed in

50% DMSO and thawed at room temperature. After post-fixation

in 2% osmium tetroxide for 2 h at 4°C and treatment with 1%

tannic acid for 2 h at room temperature, the specimens were

dried in a critical-point dryer (Eiko ID-2, Japan) then coated

with gold-palladium in a BIO-RAD-SEM coating system (Japan)

and examined in a high-resolution scanning electron microscope

(Hitachi, S-900, Japan).

RESULTS

The epithelial layer of the tongue consisted of a

stratified keratinized epithelium with  superficial

Figure 1. Light photomicrograph showing the general aspect of the anterior third of a rabbit tongue with epithelium (*), connective
tissue (**), and muscle fibers sectioned longitudinally (large arrow) and transversely (small arrow). Bar = 550 μm.
Figure 2. Silver impregnation showing the sparsely distributed nerve bundles (arrow). Bar = 50 μm.
Figure 3. General aspect of a fractured specimen showing the basal layer of the epithelium (*), the connective tissue (**), and muscle
fibers disposed longitudinally (small arrow) and sectioned transversely (large arrow). Bar = 80 μm.
Figure 4. SEM of a longitudinally fractured specimen showing the sarcoplasmic membrane of a muscle fiber in the anterior third of
the tongue. The arrows indicate the endomysium. Bar = 10μm.
Figure 5. High resolution SEM showing mitochondria (large arrow) and myofilaments (small arrow). Bar = 1 μm.
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squamous cells, connective tissue underneath and

muscle fibers arranged in several directions (Fig. 1).

The connective tissue surrounding the muscle bundles

formed the perimysium while the thin layer involving

each muscle fiber formed  the endomysium. Treatment

of the samples with NaOH revealed bundles of nerve

fibers arranged in various directions and irregular and

short tortuous isolated nerve fibers at the periphery

of the muscle fiber (Fig. 2). Electron microscopy

showed that the connective tissue was closely applied

to epithelial cells of the basal layer and also to muscle

fibers (Figs. 3 and 7).

Capillaries and dense bundles of collagen fibers were

seen in the connective tissue. The muscle layer consisted

of fibers arranged in many directions. The vertical fibers

were inserted at different levels and were 8 to 12 μm in

diameter, as shown by high magnifications of transversal

sections. Fracturing revealed intracellular components

and the sarcoplasmic membrane (Fig. 4), as well as

capillaries and collagen fibers at the periphery. These

collagen fibers formed the endomysium and groups of

muscle fibers formed the fasciculi which were

surrounded by more substantial collagen bundles

constituting the perimysium.

Mitochondria were observed among the

myofilaments (Fig. 5), and their cristae were visible

at higher magnification (Fig. 6). Round or oval

mitochondria arranged in series and myofilaments

arranged longitudinally were seen in longitudinal

fractures (Fig. 8).

Figure 6. High resolution SEM showing mitochondria (large arrow) and myofilaments (small arrow). Bar = 560 nm.
Figure 7. Electronmicrograph showing the surface of a muscle fiber with several collagen fibers (arrows). Bar = 3.7 μm.
Figure 8. Electronmicrograph showing a fractured muscle fiber with myofilaments arranged longitudinally (*) and a series of oval
mitochondria (**). Bar = 700 nm.
Figure 9. Specimen treated with a 10% NaOH solution. Note the honeycomb aspect formed by the endomysium (**) around the
spaces left by the absent muscle fibers (arrows). Bar = 3.8 μm.
Figure 10. The structural arrangement of collagen fibers of the endomysium. Bar = 1 μm.
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In specimens treated with 10% NaOH, the spaces

occupied originally by muscle fibers were visible

(Fig. 9). The collagen network of this region of the

tongue had a honeycomb appearance, with bundles

of collagen fibers visible at higher magnification

(Fig. 10).

DISCUSSION

Carpentier and Pajoni [3] reported that the

organization of the tongue muscular layer was similar

in mammals. Our findings using high resolution

scanning electron microscopy support this conclusion

since muscle fibers arranged in various directions have

also been reported in primate [11,12,38],  human

[2,13] and rat [31] tongues. Round or oval

mitochondria were observed among myofilaments in

the sarcoplasm of the muscle fibers, as also reported

for skeletal muscle [22-24,27,30,34,39]. In addition,

the myofilaments were arranged longitudinally in the

muscle fibers, as previously reported [26,35].

High resolution scanning electron microscopy

showed that the ultrastructure and three-dimensional

organization of the muscle fibers, connective tissue

and blood vessels of the rabbit tongue were similar

to those of the corresponding region of the rat and

dog tongues studied using a similar approach [10,16].

In the latter case, a vascular region with arteries was

seen deep within the muscular layer and there were

coiled capillaries in the connective tissue of the

endomysium.

The arrangement of the connective tissue in

tongue muscle, with small holes for the passage of

blood vessels and nerves that made up the epimysium,

perimysium and endomysium, has also been reported

for other species [14,19,25,35].

Treatment with sodium hydroxide solution

showed that the internal surface of the network of

collagen fibers had a honeycomb appearance, as also

described elsewhere [19,37]. As previously reported

for paravertebral musculature in rats [35], this

organization of the collagen fibers of the endomysium

in the tongue may have a role in preventing the rupture

of muscle fibers during contraction. Although high

resolution scanning electron microscopy has shown

the organization of endomysium collagen fibers into

a three-dimensional network outside the basal lamina

[10], little was known about the relationship of muscle

fiber to collagen fibers, such as observed here.

The pattern of muscle innervation varies

according to the sample and type of muscle fiber

[21,36]. The presence of several scattered bundles of

nerve fibers throughout the muscle layer and the

presence of nerve endings in different types of muscle

fibers agreed with previous reports [4,5,7,20,29,38].

Some isolated nerve fibers similar to those previously

described [6,21] were also seen.
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