
SUMMARY

The thyroid gland of the lizard Podarcis siculawas
immunohistochemically studied in adult male spec-
imens using specific antibodies against NPY, VIP
and 5-HT and the avidin-biotin peroxidase complex
(ABC) procedure to localize the three peptides. Fine
beaded VIP-immunoreactive nerve fibers ran
between the follicles, and VIP-immunoreactivity
was evenly distributed in the apical cytoplasm of
follicular cells. NPY-immunoreactive fibers were
found around the follicles, and, in the cells,
immunoreactivity was localizated only in the cellu-
lar apices. Immunoreactivity to 5-HT was observed
in the colloid, with a concentration in the follicular
lumen exceeding that in the follicular cells. In fact,
most follicles showed immunoreactivity in the cyto-
plasmic bridges formed between the apical portion
of the follicular cells and the colloid.

INTRODUCTION

Thyroid function is primarily controlled by pitu-
itary thyroid-stimulating hormone (TSH), but the
participation of neuronal factors in this regulation
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has long been suggested as well. The recent find-
ings that various peptides constitute an integral
part of neuronal signal transfer has led to a
renewed interest in the physiological role of thy-
roidal nerves and their products in the regulation
of thyroid function.
Thus far, several types of peptide-containing

nerve fibers have been observed in the thyroid
gland of several species, storing immunoreactive
(IR) vasoactive intestinal polypeptide (VIP), neu-
ropeptide Y (NPY) and serotonin (5-HT).
NPY-IR nerve fibers are widely distributed in the

body (Sundler et al., 1983; Lundberg et al., 1982).
They occur around blood vessels, small arteries
and arterioles in particular, in nonvascolar smooth
muscle, and around the acini of exocrine glands.
Reportedly, NPY reduces local blood flow and
enhances adrenergic vasocontriction in vitro
(Ekblad et al., 1984). In particular, numerous
NPY-IR nerve fibers have been observed around
blood vessels, and a moderate number between
follicles in the thyroid gland of the species so far
studied (mouse, rat, guinea pig, cat, dog, sheep,
pig, calf and man), suggesting NPY participation
in the regulation of local blood flow and thyroid
activity (Grunditz et al., 1984).
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VIP is known to have powerful effects on secre-
tion from several endocrine and exocrine glands
and occurs in nerves with a ubiquitous distribution
in the body (Melander et al., 1971; 1972). The thy-
roid of several species is supplied with VIP-con-
taining nerve fibers that surround blood vessels
and run between and along thyroid follicles; neu-
ronal VIP participates in the regulation of thyroid
hormone secretion through a mechanism that is
mediated by cyclic AMP (Ahrén et al.,1980; 1982;
1991). VIP fibers have been revealed around folli-
cles and blood vessels, and, moreover, VIP has a
stimulatory effect on thyroid hormone secretion
(Hedge et al., 1984; Grunditz et al., 1986).
Therefore, there is evidence that NPYand VIP act

locally as autocrine or paracrine regulators.
Another regulator of thyroid activity is 5-HT. It is

produced by mammalian thyroid parafollicular cells
(Nunez et al.,1978) and may participate with TSH
in the stimulation of follicular cells (Ericson et al.,
1970; Melander, 1970; Melander et al.,1973; Tamir
et al., 1996). In addition, it has been radioautograph-
ically demostrated that 5-HTis present in the colloid,
and its concentration in the follicular lumen exceeds
that in the follicular cells (Tamir et al., 1996).
Numerous papers exist on the immunohistochem-

ical localization of these paracrine regulators in the
thyroid gland of vertebrates, whereas only few are
concerned with reptiles. Therefore, the aim of the
present study was to immunohistochemically local-
ize NPY, VIP and 5-HTin the thyroid gland of the
lizard, Podarcis sicula.

MATERIALS AND METHODS

The thyroid glands of P. siculawere examined by
immunohistochemistry with the avidin-biotin-per-
oxidase complex (ABC) to determine the localiza-
tion of neuropeptides.
The thyroid glands were immediately removed

and fixed in Bouin’s solution for 24 h, then dehy-
drated and embedded in paraffin wax.
Serial sections (5mm thick) were cut and carried

through xylene and graded alcohol to water.
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Slides were incubated for 30 m in a solution of 3%
H2O2 in methanol (1:5 vv) to inhibit endogenous
peroxidase activity. Then they were rinsed with dis-
tilled water and phosphate buffered saline (PBS).
Non-specific binding sites for immunoglobulins
were blocked by incubation in normal goat serum
(NGS) for 20 m. The sections were then incubated
overnight at 4°C in a moist chamber with anti-rab-
bit VIP, anti-rabbit NPYand anti-rabbit 5-HT(Bio-
genesis Ltd, Poole, England). Working dilutions
were: 1:300 for anti-VIP, 1:100 for anti-NPYand
anti-5-HT.
After washing for 10 min in PBS, immunohisto-

chemical visualization was carried out using the
Vecta-lab “Elite” (ABC) kit (Vector, Burlingame,
CA). This method utilized the avidin-biotin-per-
oxidase complex (ABC) procedure as follows: the
sections were incubated for 30 min with diluted
biotinylated goat anti-rabbit IgG (1:400), and,
after washing in PBS, they were incubated for 30
min with the Vectastain Elite ABC Reagent. 
Peroxidase activity was visualized by incubating

the sections with 0.01% H2O2 and 0.05% diamino-
benzidine tetrahydrochloride (DAB; Sigma, St.
Louis, M.O.) in 0.05M Tris buffer, pH 7.2 for 10
min to reveal the brown immunoreactive cells.
To confirm the specificity of the immunostain-

ing, the following control staining procedures
were carried out: 1) replacement of primary anti-
body with normal rabbit serum, 2) omission of
primary antibody, and 3) absorption of primary
antibody with homologous antigen.

RESULTS

The thyroid gland of the lizard P. siculais a sin-
gle discrete ribbon-like structure which trans-
versely crosses the middle of the trachea. It is
formed by follicles which are connected by an
interfollicular connective tissue which contains
blood vessels. A superficial connective tissue cap-
sule envelops the gland and sends branches which
form a network that surrounds the follicles. 

Fig. 1 -Lizard thyroid gland. a: Control specimen; note the absence of immunoreactivity (40X); b: Immunopositive apical cells
for NPY (arrowheads) and NPY+ nerve fibers (arrows) (40X);c: At higher magnification (100X), note the NPY+ nerve fibers
(arrows); d: Immunopositive apical cells for VIP (arrowheads) and VIP antibody nerve fibers (arrows) (40X); e: Immunoposi-
tive VIP+ nerve fibers around the follicles (arrows) (100X); f: Immunopositive intrafollicular colloid for 5-HT(40X); g: At high-
er magnification, note the 5- HT+ cytoplasmic bridge (100 X).
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The immunostained control sections of P. sicula
thyroid gland did not show any signal of
immunoreactivity (Fig. 1a). 
NPY-IR fibers were found around the follicles,

and, in the cells, immunoreactivity was localized
in the cellular apices (Fig. 1b,1c).
Immunoreactivity for VIP was observed in the

nerve fibers surrounding blood vessels and run-
ning between and along thyroid follicles. These
fibers were thin, beaded and quite uniformly dis-
tributed within the gland. VIP-immunoreactivity
was also present in the apical cytoplasm of the fol-
licular cells (Fig. 1d,1e).
5-HT-immunoreactivity was revealed in the col-

loid, and its concentration in the follicular lumen
exceeded that in the follicular cells.The thyroid did
not contain serotoninergic nerve fibers. Most folli-
cles showed immunostaining in the cytoplasmic
bridges formed between the apical portion of fol-
licular cells and the colloid (Fig. 1f,1g). 

DISCUSSION

Thyroid hormone secretion is regulated by a com-
plex interplay of hormonal and neuronal signals,
many of which are likely still to be identified. So
far, three types of signals have been observed inP.
sicula thyroid gland, storing immunoreactive VIP,
NPY and 5-HT.
VIP and NPY but not serotonin fibers were

observed around follicles. Immunoreactivity for
VIP and NPY was also observed in the apical
cytoplasm of the follicular cells, suggesting the
participation of VIP and NPYin the regulation of
thyroid activity. In fact, the morphological evi-
dence that VIP and NPYfibers are distributed in
the thyroid of the lizard Podarcis sicula have
revealed that these two neuropeptides may be
involved in the regulation of thyroid hormone
secretion. Our preliminary observations have
shown that in this lizard, the i.p. administration of
VIP and NPYincreased plasma T4 and T3 levels,
demonstrating that these neuropeptides affect the
secretion of thyroid hormone by acting on specif-
ic receptors.
Conversely, 5-HTwas observed in the colloid and

in the connection between the apical cytoplasm
portion and the colloid, similarly to what has been
described in most vertebrates. In mammals, sero-
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tonin, which is synthesized and secreted by thy-
roid parafollicular cells, reaches the luminal col-
loid and binds thyroglobulin, which is an acidic
glycoprotein with an isoelectric point of 4.5,
because serotonin is highly polar at physiological
pH (Tamir et al., 1996). The absence of serotonin
immunoreactive nerve fibers around the follicles
suggests that the thyroid gland of this lizard may
not contain serotoninergic nerve fibers, as is
instead present in most vertebrates. Our data
(Sciarrillo et al., in press) have indicated that, in
this lizard, intraperitoneal administration of 5-HT
increases plasma T4, T3, and TSH levels and
causes colloid droplet formation, indicating that 5-
HT is involved in the activation of thyroid follicu-
lar cells. 
In conclusion, our results show the localization

of these substances in the thyroid gland of the
lizard P. sicula, suggesting a modulatory role in
the control of thyroid hormone secretion for VIP,
NPY and serotonin.
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