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Functional and morphologic evaluation of the nasal
mucosa bhefore and after hormone therapy in
postmenopausal women with nasal symptoms

Postmenopausal women often experience reduced nasal function, both in terms of olfactory deficit and
nasal blockage, even if no swelling or morphologic alterations can be demonstrated (1).

Estrogens may directly or indirectly modulate nasal mucosal function by affecting the basal vasculature
and glandular secretion, by modulating either the local concentration of neurotransmitters or their receptors
(2). Both vascular tone and glandular secretion in the respiratory nasal mucosa are controlled by a complex
network of regulatory neurotransmitters. Among these substances, a prominent role is exerted by parasym-
pathetic peptides, such as vasoactive intestinal peptide; sympathetic peptides, such as neuropeptide Y; and a
group of peptides released by sensory nerve endings, known as sensory neuropeptides, such as substance P
3).

We evaluated the effects of hormone therapy (HT) on nasal symptoms and function, local concentrations
of E, and its receptor (estrogen receptor-«;) and neuropeptides (vasoactive intestinal peptide, neuropeptide Y,
and substance P) in postmenopausal women with paradoxical nasal stuffiness (i.e., sensation of nasal blockage
without swelling or anatomical changes).

Twenty-four healthy postmenopausal women gave informed consent to participate in the study, which was
approved by our institutional review board. We enrolled healthy postmenopausal patients who had nasal
stuffiness without seasonal variation; patients had to not be using HT currently but be willing to start HT and
to continue treatment for at least 6 months. Exclusion criteria were morphostructural alterations of the
olfactory pyramid, current trestment with drugs interfering with nasal mucosal tropism, drug allergy, or drug
intolerance.

After inclusion in the study was confirmed, patients were allocated to one of two groups of 12 patients
each. The active therapy group received transdermal 178-estradiol, 50 ng/d (Dermestril 50; Rottapharm,
Monza, Italy), plus nomegestrole acetate, 5 mg/d (Lutenyl; Theramex, Milan, Italy), for 12 days per 28 day
cycle. The treatment lasted for 6 months. The placebo group received patches and tablets of placebo
formulations as described for the active treatment group.

Fourteen healthy premenopausal women (mean [+SD] age, 28 + 7.5 years) who were undergoing nasal
mucosal biopsy during plastic surgery procedures for cosmetic reasons were used as controls for the
immunohistochemical evaluation after giving informed consent.

Two of the 24 patients (both in the placebo group) dropped out during the study. At entry, the active
treatment and placebo groups did not significantly differ in terms of age, time since menopause, body mass
index, and systolic and diastolic blood pressure.

Precautionary gynecologic variables (results of bimanual pelvic examination, breast examination, and
transvaginal ultrasonography) were unchanged after the study in the active treatment and placebo groups. Only
recipients of active treatment reported an improvement in climacteric symptoms during treatment.

In the active treatment group, mean E, level significantly increased after 6 months compared with levels
at the start of the study (24.87 = 5.4 pg/mL vs. 74.58 + 33.0 pg/mL; P=.02). No significant variation in mean
E, levels was observed among placebo recipients.

Before and after the treatment, patients were asked to score their feeling of nasal stuffiness by using a score
ranging from 0 to 4 (0 = absent; 1 = mild; 2 = moderate; 3 = severe; 4 = total obstruction) and underwent
a complete ear, nose, and throat examination with rhinoscopy, active anterior rhinomanometry, mucociliary
transport testing, and nasal mucosa biopsy. A significant improvement in mean nasal stuffiness score was
observed after 6 months compared with baseline among active treatment recipients (0.8 + 0.51 vs. 2.3 * 0.38;
P<.01) but not placebo recipients (1 + 0.10 vs. 1.4 + 0.21). Rhinoscopic examination at baseline showed no
important abnormalities in either group.

According to the observer, before treatment the nasal mucosa had a dry appearance and a decreased
secretion in all patients. After treatment, the overall appearance of the mucosa was improved only in active
treatment recipients.
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Immunostaining for E, in the active treatment group at base-
line. a = serous acinus; b = mucous acinus. The biotin-
streptavidin alkaline phosphatase complex method was
used. Original magnification, X 200.

Nappi. Nasal mucosa, neuropeptides, and HT. Fertil Seril 2003.

A significant reduction from baseline in mean mucociliary trans-
port time was observed after 6 months in active treatment recipients
(19 = 2.2 minutes vs. 14 + 2.4 minutes, P<<.05) but not in placebo
recipients (18.2 = 2.4 minutes vs. 19.1 = 2.1 minutes). Total
airway resistance was in the normal range both at baseline and after
6 months in both groups.

Therefore, we conclude that postmenopausal hypoestrogenism
may affect nasal function, producing a variable degree of nasal
stuffiness and an increase in mucociliary clearance time despite
normal findings on rhinomanometry. Hormone therapy may reverse
these alterations.

Immunostaining for E, in the active treatment group after
hormone therapy. a = serous acinus; b = mucous acinus.
The biotin-streptavidin alkaline phosphatase complex
method was used. Original magnification, X 200.

Immunostaining for vasoactive intestinal peptide in the active
treatment group at baseline. a = subepithelial site; b =
arterious vessel. The avidin-biotin-peroxidase complex
method was used. Original magnification, X100.

Nappi. Nasal mucosa, neuropeptides, and HT. Fertil Seril 2003.

Biopsy fragments were fixed in Bouin's solution and then em-
bedded in paraffin. Serial sections 5 wm in thickness were used for
all microscopic observations.

Immunostaining for vasoactive intestinal peptide in the active
treatment group after hormone therapy. a = subepithelial
site; b = arterious vessel. The avidin-biotin-peroxidase com-
plex method was used. Original magnification, X100.

Nappi. Nasal mucosa, neuropeptides, and HT. Fertil Seril 2003.
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All specimens from patients of all groups showed a normal
structure after staining with trichromic orange phosphotungstic acid
(Tr-OPA). In al patients, the nasal mucosa showed a pseudostrati-
fied columnar ciliated epithelium of normal height. Compared with
controls, the active treatment and placebo recipients had fewer
goblet cells and seromucinous glands of lamina propria at baseline.
Glands showed hyperactivity and strong magenta-red staining after
para-aminosalicylic acid. No significant morphologic changes were
observed after 6 months in active treatment or placebo recipients.

The reduction in the number of goblet cells and seromucinous
glands of lamina propria compared with controls of reproductive
ageis probably an important factor in the pathogenesis of the nasal
symptoms in our patients. However, this factor seemed not to be
influenced by estrogens. It is therefore probable that estrogens
influence nasal mucosa through an effect on functional regulation.
To understand how estrogens may be involved in these processes,
we evaluated the immunopositivity for E, and estrogen receptor in
nasal mucosa specimens. In addition, to understand whether the
action of estrogens at thislevel could be mediated by other factors,
we analyzed local concentrations of the main neuropeptides in-
volved in nasal function regulation.

Immunohistochemical evaluation of the biopsies was performed
using the following monoclonal and polyclonal antibodies at the
following dilutions as primary antisera: rabbit antiestradiol, 1:100
(Sigma, St. Louis, MO); mouse anti-human estrogen receptor-«,
1:50 (Zymed, San Francisco, CA); rabbit anti-substance P, 1:500
(RPMS, London, United Kingdom); rabbit anti-neuropeptide Y,
1:500 (Sigma), rabbit anti-vasoactive intestinal peptide, 1:500
(Biomeda Corp., Foster City, CA). Biotinylated goat anti-mouse
1gG (Becton Dickinson, Milan, Italy), and goat anti-rabbit 1gG
(Cabiochem, Milan, Italy) were used as secondary antisera, at
dilutions of 1:200 and 1:20,000, respectively. Avidin-biotin-perox-
idase complex (Vector Laboratories, Burlingame, CA) and biotin-
streptavidin alkaline phosphatase complex (Dako, Carpinteria, CA)
were used to reveal the antibody-antigen complexes.

Sections were first observed by three independent observers
blinded to the treatment. Thereafter, advanced software for image
analysis (Quantimet 520; Leica, Solms, Germany) was used to
quantify the immunopositivity of sections.

Immunopositivity for E, was localized in the epithelial layer, in
seromucinous glands of lamina propria, and around vessels, and
levels were found to be significantly lower in postmenopausal
untreated women than in premenopausal controls and postmeno-
pausal patients receiving HT (Fig. 1 and Fig. 2). In al specimens,
immunopositivity for estrogen receptor was localized in serous
glands and excretory ducts. Estrogen receptor immunopositivity
was reduced in specimens from postmenopausal women before
therapy compared with controls. Only the group that received HT
showed an increase in estrogen receptor expression. These data on
E, and estrogen receptor immunopositivity seem to support a direct
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involvement of estrogens in the regulation of glandular secretion
and vascular tone in nasal mucosa.

We observed that nerve fibers positive for substance P are
localized around blood vessels and glands, whereas vasoactive
intestinal peptide-immunopositive fibers were identified in the ep-
ithelium and around glands and vessels. Positive fibers for neu-
ropeptide Y are localized around blood vessels.

The substance P content in nasal mucosa was lower in post-
menopausal women than in fertile controls. After hormonal treat-
ment, the substance P level was significantly increased. No signif-
icant difference was detected in vasoactive intestina peptide
expression between controls and postmenopausal untreated women
(Fig. 3). However, HT induced a significant increase of this peptide
(Fig. 4). We therefore conclude that both substance P and vasoac-
tive intestinal peptide are under positive control by estrogen at the
nasal level. Both of these peptides are thought to stimulate gland
secretion, vasodilatation, and plasma flux (3).

Similar levels of neuropeptide Y were detected in premeno-
pausal controls and postmenopausal untreated women. \Women
taking HT had a significant decrease in levels of this neuropeptide.
This finding may support the hypothesis that estrogens have an
inhibitory effect on neuropeptide Y at the nasal level. This peptide
is coreleased with noradrenaline and has the same actions, causing
vasoconstriction, although its effects are of slower onset and longer
in duration (4).

In conclusion, HT might exert a positive effect on nasal function
in postmenopausal women with paradoxical nasal stuffiness. Our
data support the hypothesis that estrogens may modulate nasal
mucosa function through an action on cholinergic, adrenergic, and
sensory peptides. Whether areduction in mucosal content of E, and
estrogen receptor associated with variations in neuropeptide immu-
nopositivity also occurs in postmenopausal women without nasal
stuffiness remains to be determined.
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