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The expression of several neuronal intermediate filament
(NIF) proteins was investigated in the tongue of metamor-
phosing tadpoles (stage 38-45 of Gosner) and in adult indi-
viduals of the frog, Rana esculenta by means of immunohis-
tochemistry. Results showed that nerve fibres at early stages
of tongue development expressed peripherin (a NIF protein
usually found in differentiating neurones) as well as the
light- and medium molecular weight NIF polypeptide sub-
units (NF-L and NF-M, respectively); in the adult frog, periph-
erin was still found in nerve fibres reaching the fungiform
papilla together with NF-M, but NF-L immunoreactivity was
absent therein. Clusters of epithelial cells expressing periph-
erin were found in the early developing tongue before differ-
entiation of taste organs, and NF-L and NF-H immunoreac-
tivities were present in basal (Merkel) cells of the adult frog
taste disc. Results indicate that neurones innervating the
adult frog’s taste disc maintain a certain plasticity in their
cytoskeleton and that neuronal-like cells are present in the
undifferentiated and differentiated tongue epithelium possi-
bly playing a role in the developing and mature taste organ.
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R
ecent structural study of the gustatory organs
in Anura have essentially been conducted
along two lines of research: (1) immunohisto-

chemical and ultrastructural investigation of taste
discs (TD) in adult individuals (Gioglio et al. 1988;
Toyoshima et al. 1988; Kuramoto 1988; Zancanaro
et al. 1990; Witt 1993; Sbarbati et al. 1993),
reviewed in Osculati, Sbarbati 1995, and (2) mor-
phological studies of the gustatory organs during
ontogenesis (Nomura et al. 1979a, b; Zuwala 1991,
2002a, b; Zuwala et al. 1991, 1997, 2000; Zuwala
et al. 2002).

Detailed follow up of morphological changes (LM,
SEM, TEM) in the developing taste discs of Anura
species belonging to different families (Zuwala 1991,
2002a, b; Zuwala et al. 1991, 1997, 2000) revealed
a general developmental pattern i.e., formation of
taste discs — the second generation of gustatory
organs — is closely linked to the process of meta-
morphosis and the final differentiation of the senso-
ry epithelium of lingual taste discs directly correlates
with the development of fungiform papillae and the
tongue itself. However, immunohistochemical data
concerning the development of gustatory organs are
generally scarce and mainly concern the localisation
of neuropeptides (Wakisaka et al. 1996; Kusakabe et
al. 1996;Witt et al. 2000; Chou et al. 2001; Zuwala
2002a).

Neurofilaments (NIF) are important cytoplasmic
structural constituents of nerve cells, playing a role
in the organisation of the cytoskeleton, as well as in
axonal and dendritic transport. NIF are composed of
three polypeptide subunits of low (NF-L), medium
(NF-M), and high (NF-H) molecular weight, which
are expressed sequentially during development: NF-
L and NF-M appear during neurite differentiation,
NF-H is found as the cytoskeleton is stabilized
(Willard et al. 1983; Carden et al. 1987; Szaro et al.
1989). NF-L has been observed in all vertebrate
classes (Shecket et al. 1980; Shaw et al. 1984;
Walker et al. 1985). Distinct H and M polypeptides



have been found in birds, whereas reptilian NF con-
tain only one high molecular weight subunit which
cross-reacts with both H and M from mammals.
Using antibodies reacting with the phosphorylated
epitopes to the bovine H and M subunits, Mencarelli
et al. (1987) showed the presence in the frog spinal
cord of two polypeptides cross reacting with either
of the H or M subunit from mammals, thus confirm-
ing previous evidence (Lasek et al. 1985).The pres-
ence of NF-L cross-reacting with the mammalian
antigen was shown by Szaro and Gainer (1988) in
post-metamorphic Xenopus laevis neurones. In the
same work Szaro and Gainer demonstrated the pres-
ence of the three NF in the central nervous system of
metamorphic tadpoles (stage 42). In order to better
characterise the developmental patterns of amphib-
ian taste organs in relation with their adult counter-
part, the work reported herein investigated the tim-
ing of appearance of NIF proteins NF-L, NF-M, and
NF-H at consecutive stages of fungiform papillae
formation in the developing lingual fold of Rana
esculenta tadpoles and in adult individuals.
Moreover, the expression of peripherin (Portier et al.
1983) [called XIF3 in amphibians (Gervasi et al.
2000)], a different NIF protein found in differenti-
ating and in certain mature neurones (Troy et al.
1990a) was investigated in the same material.

Materials and Methods

Tissue preparation
Tadpoles of Rana esculenta at different Gosners’

(1960) developmental stages: 38, 40, 41, 42, 43,
44, 45 and adult individuals were used in the present
study. Animals were anaesthetized with 0.1% tri-
caine (3-aminobenzoic acid ethyl ester) in tap water.
Tongues were excised and fixed for 2 h in 4%
paraformaldehyde dissolved in 0.1 M phosphate
buffer pH 7.4 at 4° C. After rinsing in 0.1 M phos-
phate buffer, tissues were exposed to 0.5 M NH4Cl to

block free aldehydes. Specimens were then dehydrat-
ed through an ascending series of ethanol, trans-
ferred to xylene and embedded in paraffin wax
(56ºC). Serial 7 µm-thick sections were cut on a
rotative microtome (Leitz 1512, Germany), collect-
ed on polylysine-coated slides and dried overnight at
37°C.

Immunohistochemistry
The primary polyclonal antibodies used in this

study respectively recognize the following antigens:
peripherin, 68 kDa neurofilament protein (NF-L),
150 kDa neurofilament protein (NF-M) and 200
kDa neurofilament protein (NF-H). All antibodies
were obtained from a commercial source (Chemicon
International Inc.,Temecula, CA, USA); their work-
ing dilutions and abbreviation are summarized in
Table 1. According to the manufacturer, the anti-
peripherin and the anti-NF-H antibody do not cross
react with other neuronal intermediate filament pro-
teins.The antisera to neurofilament subunit proteins
recognize both the phosphorylated and non-phos-
phorylated forms; the cross-reactivity of the NF-L
and the NF-M or NF-H antibodies is less than 2%;
the cross-reactivity of the NF-M and the NF-L or
NF-H antibodies is 0.4% and 0.6%, respectively.

Immunohistochemical staining was performed
using the avidin-biotin complex (ABC) technique.
Briefly, sections were deparaffinised and rehydrated
through xylene and a descending ethanol series.
Endogenous peroxidase was quenched by immersion
in a solution of 0.3% hydrogen peroxide in methanol
for 30 min. After washing in 0.05 M Tris-HCL buffer
pH 7.6, sections were treated with 5% normal swine
serum for 60 min. Subsequently, the primary anti-
body was applied overnight at 4°C. After three wash-
es, sections were then reacted with biotinylated
swine anti-rabbit immunoglobulins (DAKO, Milan,
Italy), diluted 1:400, for 2 hours. The immunoreac-
tion was detected using a Vectastain Elite ABC kit
(Vector, Burlingame, CA, USA), and then visualized
by 3,3 diaminobenzidine tetrahydrocloride (Dako)
for 5-10 min. Finally, sections were dehydrated, cov-
erslipped with Entellan, and observed and pho-
tographed in an Olympus BX51 photomicroscope
equipped with a KY-F58 LCD camera (JVC); images
were acquired and stored using the Image-ProPlus
software on a personal computer. Control sections
were processed as above but omitting the primary
antibodies; no immunostaining was observed in these
sections.
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Table 1. Polyclonal antibodies used in immunohistochemical
staining.

Antibody Abbreviation Dilution

Peripherin Peripherin 1:1600-1:3200

Neurofilament 68 kDa NF-L 1:500-1:1000 

Neurofilament 150 kDa NF-M 1:400-1:800

Neurofilament 200 kDa NF-H 1:500-1:1000



Results

NIF proteins in nerves of the body of the tongue
(Table 2, Figure 1A-F)

Immunoreactivity for NF-M and peripherin was
found in nerve trunks of the body of the developing
tongue from developmental stage 38 onwards with

maximum intensity at stage 40 to 41 and 43, respec-
tively. Immunoreactivity for NF-L appeared therein
at stage 40. Expression of the above NIF proteins in
nerves of the body of the tongue persisted in the
adult frog. NF-H immunoreactive fibres were never
found in our material.
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Figure 1. Expression of neuronal intermediate filaments in the body of the tongue of RRaannaa eessccuulleennttaa tadpoles. St, developmental stage
of Gosner; NF-L and NF-M, antibody to the light- and medium molecular weight subunit of filament triplet used for immunostaining.
Arrow, immunoreactive nerve trunk. Asterisk, epithelial cell immunoreactive for peripherin. The inset (F) presents a low-power picture
to show the localisation of the immunoreactive nerve trunk in the tongue. See also Table 2. Scale bar: A-E, 60 µm; F, 10 µm.
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NIF proteins in epithelial cells and sub/intraepi-
thelial nerve fibres of the tongue (Table 3; Figure
2A-E)

Some cells of the developing lingual epithelium
expressed peripherin at stage 38 to 41 (see also
Figure 1E). Peripherin was also present in nerve

fibres closely associated with the epithelium starting
from stage 38 to the end of metamorphosis (see also
Figure 1E and F) as well as in the adult (Figure 3E-
F). NF-L and NF-M were exclusively found in nerve
fibres at stage 40; NF-L immunoreactivity was than
faintly present therein to stage 44, while NF-M

Figure 2. Distribution of immunoreactivity for different neuronal intermediate filaments in the sub/intra epithelial nerve fibres and
epithelial cells of the tongue of RRaannaa eessccuulleennttaa tadpoles. St, developmental stage of Gosner; NF-L and NF-M, antibody to the light- and
medium molecular weight subunit of filament triplet used for immunostaining. Arrow, immunoreactive nerve fibres; asterisk, clusters
of epithelial cells immunoreactive for peripherin. See also Table 3. Scale bar: 10 µm.



immunoreactivity persisted with similar intensity to
the end of metamorphosis and in the adult frog (see
also Figure 3B). NF-H immunoreactivity was absent
in tadpoles as well as in the adult.

NIF proteins in the fungiform papilla of the tongue
of the adult frog (Table 4; Figure 3)

In the fully developed fungiform papillae nerve
fibres in the connective tissue core and the subep-
ithelial plexus showed the presence of NF-M and
peripherin. NF-L and NF-H were expressed in a few
cells placed at the base of the neuroepithelium; their
body was peripherally placed and showed immunos-
tained prolongements directed to the centre of the
taste disc.

Discussion
Results of immunohistochemical investigation of

NIF proteins expression in the tongue of metamor-
phosing tadpoles and adult individuals of Rana escu-
lenta demonstrate the following points:

(i) peripherin, NF-L and NF-M are expressed in
nerve trunks as well as sub- and intraepithelial nerve
fibres at early stages of development and persist
therein in the adult; however, peripherin and NF-M
are only found in nerve fibres outside the sensory
epithelium in adult individuals;

(ii) some epithelial cells express peripherin in the
early developing tongue; NF-L and NF-H are found
in basally located cells of the taste disc in the adult
frog.

Previous investigations of the distribution of NIF
proteins in the taste organ mainly concerned higher
vertebrates and results were sparse and not consis-
tent. In the human,Witt and Reutter (1998) showed
the presence of NF-H in nerve fibres reaching the
primordia of taste buds from the eighth postovulato-
ry week, with NF-L immunoreactivity appearing
therein by the 11th week. On the other hand, Yoshie

et al. (1989) were unable to demonstrate immunore-
activity for NF-P (145 kDa, = NF-M) in taste bud
cells and intraepithelial nerve fibres of the guinea
pig, rat, mouse and cat; however, NF-P immunoreac-
tivity was found by Yamamoto et al. (1997) in intra-
gemmal fibres of taste buds of canine larynx as well
as in the subgemmal plexus and in the vicinity of
taste buds (perigemmal fibres), but not in taste bud
cells. As far as anuran are concerned, Kuramoto
(1988) found that in the bullfrog, Rana catesbeiana,
NFP (150 kDa) immunoreactivity was present in
thick fibres of nerve bundles ascending within the
stalk of fungiform papillae; NFP immunoreactivity
was also found in a plexus under the taste epitheli-
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Table 2. Neuronal intermediate filaments expression in nerves
of the body of the tongue during metamorphosis and in adult
frog.

Tadpole Developmental Stage Adult

Neurofilament protein 38 40 41 43 44 45
NF-L - + + + + + +
NF-M + ++ ++ ++ + + +
NF-H - - - - - - -
Peripherin + ++ ++ + + + +

- not labeled; + labeled; ++ strongly labeled

Table 3. Neuronal intermediate filaments expression in epithelial cells and sub/intraepithelial nerve fibres of the tongue of metamor-
phosing tadpoles.  

Tadpole Developmental Stage

38 40 41 43 44 45
Neurofilament Cells Fibers Cells Fibers Cells Fibers Cells Fibers Cells Fibers Cells Fibers

NF-L - - - + - ± - ± - ± - -
NF-M - - - + - + - + - + - +
NF-H - - - - - - - - - - - -
Peripherin + ± + + + + - + - + - +

-not labeled; ± faintly labeled; + labeled.

Table 4. Neuronal intermediate filaments expression in the
fungiform papilla of adult frogs.

Neurofilament Fibres in the connective Subepithelial Basal cells of
tissue plexus the taste disc

NF-L - - +
NF-M ++ ++ -
NF-H - - ++
Peripherin + + -

-not labelled; +labelled; ++ strongly labelled
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Figure 3. Expression of neuronal intermediate filaments in the fungiform papilla of adult RRaannaa eessccuulleennttaa. NF-L, NF-M and NF-H, anti-
body to the light- medium- and high molecular weight subunit of filament triplet used for immunostaining. Open arrow, immunoreac-
tivity in nerve trunk; filled arrow, immunoreactivity in the subepithelial nerve plexus; asterisk, immunoreactive basal cell in the sen-
sory epithelium. See also Table 4. Scale bar: A, C-E, 10 µm; B, 60 µm; F, 20 µm.



um and in a few horizontally running intraepithelial
fibres. No immunoreactivity was found in taste bud
cells.Therefore, the present study is the first system-
atic investigation of NIF proteins expression in ver-
tebrate taste organ during development and in the
adult individual.

In tadpoles, we showed that several NIF proteins
are timely expressed in nerve fibres close to the dif-
ferentiating sensory epithelium (Table 3) with
peripherin appearing before NF-L and NF-M, where-
as NF-H immunoreactivity was always absent. This
finding is supported by a large body of evidence
(Kaplan et al. 1990; Zhao et al. 1997; reviewed in
Grant, Pant 2000) showing that NIF proteins are
sequentially expressed during neurogenesis, NF-H
appearing as the last one. Peripherin correlates with
the outgrowth of central and peripheral neuronal
populations (Troy et al. 1990b), but it can persist in
the adult axonal cytoskeleton (Rhrich-Haddout et
al. 1997) and is also found in regenerating adult
neurones of the dorsal root ganglia (Wong et al.
1990). Instead, NF-H is expressed in brain and
spinal cord neurones as the cytoskeleton is stabilised
(Willard et al. 1983; Carden et al. 1987).Therefore,
our data suggest that neurones innervating the frog’s
taste organs maintain some plasticity in their
cytoskeleton even in the adult.

An intriguing finding of this work is that clusters of
peripherin-immunoreactive cells are present in the
tongue epithelium (possibly in the taste disc anlage)
as early as stage 38 at site where nerve fibres
approach the surface (Figure 2D); moreover, cells
expressing NF-L and NF-H were found in basal posi-
tion in the taste disc of adult frogs and they showed
the typical shape and position of basal cell (Sbarbati
et al. 1988).Therefore, cells expressing NIF proteins
that are markers of developing and mature neurones
are sequentially present in the taste epithelium.This
suggests that neuronal-like cells are present in the
differentiating tongue epithelium to persist in the
adult taste organ. Such a suggestion is supported by
the findings of Toyoshima et al. (1999) showing the
presence of non-innervated, serotonin-containing
Merkel cells in the undifferentiated tongue epitheli-
um of the bullfrog, Rana catesbeiana; later on in
development, these cells become innervated and
assume the position of basal cells in the mature taste
disc. Interestingly, the presence of NIF proteins in
subsets of epithelial cells is confirmed by findings in
mammals: Fantini et al. (1995) and Narisawa et al.
(1994) found immunoreactivity for neurofilaments

and NF-H, respectively, in Merkel cells of the human
skin and Pasche et al. (1990) showed immunoreac-
tivity for neurofilaments in Merkel cells of the mouse
embryonic epidermis before nerve contact; moreover,
Baudoin et al. (1993) showed the presence of
peripherin and NF-L in neuroendocrine carcinomas
of the human skin. Therefore, neuronal-like cells of
the frog tongue epithelium could be involved in the
differentiation/function of the taste organ.
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