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SUMMARY
Many peptides are present in the nasal mucosa, but few studies have investigated the
presence or absence of the oxytocin and vasopressin peptides. This immunohistochemical study on the inferior turbinates of patients affected by chronic sinusitis shows, for the
first time, that these peptides are present in the epithelium of both nasal mucosa and
glands. Their presence could be related to the presence of atrial natriuretic peptide (ANP),
like previously demonstrated in other organs such as heart and prostate, since in some
circumstances they play in antagonism.
Introduction
Different neurotransmitters may change the nasal microenvironment and play important
roles in the modification of some physical-chemical features of the inspired air.
Very little is known about the presence of neuropeptides in the nasal mucosa; to date,
ANP (atrial natriuretic peptide) [1, 2], NPY (neuropeptide Y) [3], VIP (vasoactive intestinal
peptide) [4] and SP (substance P) [5] expressions have been studied. The present study
aimed to investigate the expression of oxytocin and vasopressin in this environment.
Oxytocin and vasopressin are mammalian hormones that act as neurotransmitters in the
brain. Structurally, vasopressin and oxytocin are very similar, differing by only two amino
acids; these peptides are synthesized in the hypothalamus by the magnocellular neurosecretory neurons of the supraoptic and paraventricular nuclei, and in the neurohypophysis
by the axon terminals.
Oxytocin has peripheral actions such as the letdown reflex in lactating mothers and uterine contraction during labor; oxytocin is also involved in regulating the renal water reabsorption process [6]. Recently, it has been shown that oxytocin also plays an important
role in social behavior; indeed, it has been shown to be involved in bonding, maternal
behavior, sexual arousal, increasing trust and reducing fear [7, 8] couple interaction,
close relationships in humans [9] and in social odor recognition [10]. Vasopressin has an
antidiuretic action in decreasing diuresis in kidneys to restore the body fluid balance.
This peptide is thus a critical regulator of water homeostasis; it acts by controlling the
insertion of aquaporin 2 (AQP2) onto the apical membrane of the collecting duct principal
cells in the short term, and regulating the gene expression of AQP2 in the long term [6].
Recent studies have shown that vasopressin is a hormone released by different stressors
[11]. Furthermore, it has been demonstrated that vasopressin and ANP play opposite
roles, and vasopressin also modulates ANP production by cultured neurons in the central
nervous system; therefore, ANP and vasopressin may interact through the regulation of
ANP production by the latter [12].
In earlier studies, the presence of ANP was established in rabbit airways and lung, and in
human inferior turbinate [1, 2]; oxytocin has been demonstrated to be present in the
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olfactory bulbs and mucosa. Furthermore,
vasopressin has been found to be localized
in rat olfactory epithelium [13]. However,
to date no studies have been published on
the presence or absence of these peptides
in the respiratory mucosa of the nasal
cavity.
In view of these considerations, the present study was aimed to establish whether
oxytocin and vasopressin are present in
the nasal mucosa.
Material and Methods
Biopsies of inferior or middle turbinates
were collected from subjects with chronic
rhinosinusitis. Samples were fixed in
Bouin’s fluid, dehydrated and embedded in
paraffin. Seven-micra sections were used to
carry out the immunocharacterization for
oxytocin or vasopressin; detection was
performed with the avidin-biotin complex.
Endogenous peroxidases were blocked by
incubation with PBS containing 0.3% hydrogen peroxide for 5 min at room temperature, followed by blockage of the specific
binding by normal goat serum. The sections were treated with oxytocin or vasopressin polyclonal antibody (Chemicon USA
(1:800 dilution) in 0.05M Tris buffer pH
7.2 for 12 hours at 4°C. The samples were
rinsed in PBS pH 7.2 (three times each for
5 min). The reaction was demonstrated
with amino-c-ethyl-carbazole as substrate.

Similarly treated sections, with the omission of the primary antibody, were used as
negative controls. Slides were coverslipped
using the ‘Dako Cytomation Faramount
Aqueous Mounting Medium’. The specimens were observed under a Leica
DM1000 light microscope.
Results
The histological observations showed that
the epithelium presents no morphological
or significant alterations; in some biopsies
the epithelium was hyperplastic.
Oxytocin immunopositivity was evident in
the epithelium and its invaginations; in
particular, the periciliar layer was immunopositive, and the epithelial ciliated
cells showed intense immunopositivity in
the perinuclear area; the basal cells were
also immunopositive, with intense immunopositivity in their basal areas close to
the basal lamina (Figure 1A, B). The glands
were also strongly immunoreactive with
oxytocin-immunopositivity noted only in
proximity to the lumen; the myoepithelial
cells were also immunopositive (Figure 1C).
Vasopressin immunostaining evidenced
immunopositivity in the apical layer of
epithelium; basal cells were also immunopositive in their basal area.
Discussion
To the best of our knowledge, this is the

Figure 1: Human inferior turbinates stained for oxytocin (A, B, C) and vasopressin (D, E,
F). The epithelium shows a strong oxytocin-immunoreactivity in the basal cells and in
the apical area of cells (A, B). The glands show oxytocin-immunopositive cells in their
apical area (C). The epithelium also shows vasopressin-immunopositivity in the epithelial cells and basal cells (D, E). Finally, also the glands show a vasopressinimmunopositivity (F).
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first paper showing data on the presence
or absence of oxytocin and vasopressin in
the nasal mucosa; our results demonstrate
that oxytocin is present in both the epithelium and glands; in some cases the immunopositivity is localized in the luminal
area of cells whereas in other cases the
basal cells are strongly immunopositive.
Previous studies have demonstrated that
ANP is present in human inferior turbinates [2]. The presence of oxytocin may be
related to some role it plays within the
mucosa, analogously to what has been
showed in other organs such as heart [14]
and prostate [15], in which a relationship
between oxytocin and ANP-release has
been found. The presence of oxytocin
induces us to hypothesize a possible relationship between these peptides also in
the respiratory mucosa; in particular, the
differing intracellular localization may
indicate that a paracrine mechanism between the two peptides could occur in the
context of the epithelium.
The presence of vasopressin in the basal
area of basal cells may indicate that it has
a role in the exchange processes between
the cells and capillaries in the lamina propria; furthermore, vasopressin may be
associated with the inter-relationship between vasopressin and ANP involving their
antagonistic roles in the regulation of the
homeostasis of body fluids and in the
control that the vasopressin exerts on ANP
production.
In conclusion, further studies are necessary in addition to the data obtained in the
present study to verify whether oxytocin,
vasopressin and ANP in the respiratory
mucosa are independent or not.
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