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ABSTRACT
Nasal mucus production is regulated by submucosal

glands and epithelial goblet cells. The role and especially
the number of the latter are quite debatable. The present
study compares the distribution and density of goblet cells in
the inferior turbinates of patients with perennial allergic
and nonallergic rhinitis to normal controls. The periodic
acid Schiff-alcian blue whole-mount method was used to
identify and count their number. Goblet cell distribution was
found nonhomogeneous, and considerable variations were
observed among adjacent localities of the same specimen.
The mean number of goblet cells per mnl was 6499 in
normal controls (n = 12), 6818 in patients with perennial
allergic rhinitis (n = 13), and 6801 in patients with peren-
nial nonallergic rhinitis (n = 18). Statistical analysis con-
firmed that the density of goblet cells did not differ signif-
icantly between patients with and without allergy, as well as
between each group of patients and controls. Therefore, it
could be concluded that the number of goblet cells in the
inferior turbinate is not influenced by the presence of pe-
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rennial allergic or nonallergic rhinitis. (American Journal
of Rhinology I I, 233-236, 1997)

The mucosal lining of the nose is endowed with a mu-
cociliary transportation system that constitutes the

first line of defense, protecting the lungs from particles,
microorganisms, and chemical irritants. The system consists
of ciliated respiratory epithelium and mucus-producing el-
ements. In order to maintain its homeostasis, a proper pro-
duction and secretion of mucus from submucosal glands and
epithelial goblet cells is necessary.

Mogensen and Tos,,2 reported on the density of goblet
cells in the normal adult nasal septum and turbinates; they
also described changes in the distribution and density of
goblet cells in the nasal mucosa of patients with nasal
polyposis3 and Kartagener's syndrome.4

The present study forms part of a basic research on the
pathology of perennial rhinitis. The latter refers to the
clinical condition in which rhinorrhea and/or nasal blockage
occur throughout the year and are not limited to seasonal
exacerbations. A significant proportion of the patients with
perennial rhinitis manifests on physical examination hyper-
trophy of the inferior turbinates, which blocks the nasal
passages. Classification of this heterogeneous population
often differentiates between patients with and without al-
lergy. The laboratory diagnosis of allergic disease is usually
based on the detection of allergen-specific IgE antibodies in
the skin and/or the patient's serum by cutaneous prick tests
and RAST, respectively.

Numerous studies deal with the role of mast cells, ba-
sophils, and eosinophils in allergic diseases of the nose, but
only few discuss the contribution of goblet cells to the
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underlying pathophysiology of the nasal mucous mem-
branes in patients with perennial allergic and non allergic
rhinitis. Toppozada and Tallat5 found increased numbers of
goblet cells in chronic allergic rhinitis. Their conclusions,
qualitative by nature, were based on examination of tiny
pieces of nasal epithelium by electron microscopy. Mygind
et al.6 in a semiquantitative study found a significant in-
crease of goblet cells in chronic rhinitis. Larsen et al.7

performed a quantitative study by using the whole mount
method and found that the number of goblet cells in the
inferior turbinates of patients with chronic rhinitis does not
differ significantly from that of normal ones. In light of the
insufficient and conflicting data, the present study was
undertaken to provide quantitative information regarding
the number and distribution of goblet cells in the inferior
turbinates of patients with perennial allergic and nonallergic
rhinitis compared with normal controls.

MATERIAL AND METHODS

The material consisted of hypertrophic inferior turbi-
nates removed from 31 patients with perennial rhinitis

who failed to respond to medical treatment and who under-
went bilateral inferior turbinectomy (Ophir et aI.8

). Thirteen
patients were allergic to house dust mite, and the remaining
18 had negative prick skin tests with 20 common airborne
allergens. None of them received topical or systemic corti-
costeroids during the month before surgery.

Twelve patients admitted for septoplasty due to unilateral
nasal obstruction served as controls. On examination, their
inferior turbinates appeared normal with no symptoms or
further signs of nasal disease. They underwent allergic
assessment, and all had negative prick skin tests with 20
common airborne allergens. Biopsies were taken from the
middle part of the inferior turbinates on the unobstructed
side of the nasal chamber.

Each specimen was divided into two. One portion was
fixed in buffered formaldehyde, processed in the usual
manner, and embedded in paraffin. Two sections of each
specimen, 5 I.UTI thick, were cut in a plane perpendicular to
the mucosal surface. One section was stained with hema-
toxylin and eosin to study the histology, and the second was
stained with PAS (Periodic Acid Schiff) to demonstrate
mucus within epithelial goblet cells and submucosal glands.
The other portion was immediately transferred into formol-
alcohol solution for fixation. Following fixation, the entire
mucosa was fine dissected under the operating microscope,
removing the deeper layer of the lamina propria, which
included submucosal glands and the vascular plexus, and
leaving the epithelium with the basement membrane and a
superficial layer of the lamina propria without neighboring
glands or capillaries. The mucosa was stained with the
PAS-alcian blue whole mount method7 and cleared with
anise oil, which makes the goblet cells stand out intensely
blue on a pale blue background. The mucosa was mounted
on a glass slide, immersed in an anise oil-colophonium
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mixture, and a coverslip was applied and sealed with par-
affin.

Since the number of goblet cells varied considerably
between the anterior and posterior portions of the inferior
turbinate, as well as between its medial and lateral walls,
measurements were taken at a reference point in the medial
wall of the middle third of the inferior turbinate. The spec-
imens were studied with a calibrated eyepiece light micro-
scope at a magnification of 200. Ten areas of 0.16 mm2

were counted in each specimen, and results were expressed
as a mean number of goblet cells per mm2

.

Statistical analysis was performed by the one-way anal-
ysis of variance.

RESULTS
The hematoxylin-eosin and the PAS stained sections at

the medial wall of the middle third of the inferior
turbinate in patients with perennial allergic and nonallergic
rhinitis as well as controls, demonstrated pseudostratified
ciliated columnar epithelium exclusively. Neither transi-
tional nor squamous cell epithelium were encountered in
any of the sections. Many goblet cells, filled with mucus,
were scattered unevenly among the ciliated cylindric epi-
thelial cells (Fig. 1).

In the whole mount specimens, goblet cells were shaped
round to oval, sharply defined, and appeared as blue patches
on a pale blue background. Their size varied considerably,
depending upon their phase in the secretory cycle, ranging
mostly between 5-10 J..Lm in diameter. Many of the goblet
cells were isolated, but some were seen in pairs or in
clusters of several cells (Fig. 2). Their distribution was not
homogeneous, and considerable variations in goblet cell
density were observed between adjacent localities of the
same specimen. Table I shows the mean number of goblet
cells per square millimeter at the medial wall of the middle
third of the inferior turbinate in patients with perennial

rhinitis. (PAS. original magnification X 100)
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Figure 2. Whole mount specimen of a patient with perennial
allergic rhinitis. Goblet cells appear isolated, in pairs and clus-
ters. (PAS-alcian blue, original magnification X 100)

TABLE I

Goblet Cell Count
No. of No. of Goblet Cells

Patients per mm2

Range Mean
Normal controls 12 4147-7843 6499 ± 1077
Perennial allergic 13 5250-9234 6818 ± 1027

rhinitis
Perennial nonallergic 18 5425-9375 6801 ± 1156

rhinitis

allergic and non allergic rhinitis and in the controls. A com-
parison of goblet cell density revealed no significant differ-
ence between allergic or nonallergic patients (p = .3442), as
well as between each group of patients and controls (p =
.4342 and p = .4157, respectively).

DISCUSSION

Larsen et a1.7 performed a quantitative study on the
density of goblet cells in the inferior turbinates of

patients with chronic hypertrophic rhinitis and did not find
a statistically significant difference between the number of
goblet cells in patients with and without rhinitis. The present
study is based on a similar PAS-alcian blue whole mount
method that enables accurate quantitative counts of the
goblet cell population in the inferior turbinates of patients
with perennial rhinitis. To the best of our knowledge, this is
the first study to provide information regarding the number
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of goblet cells in patients with perennial allergic rhinitis.
The results indicate that perennial allergic and nonallergic
rhinitis are not associated with an increase in the number of
goblet cells at the medial wall of the middle third of the
inferior turbinate and probably throughout the nasal mu-
cosa, as their numbers did not differ significantly between
patients with chronic rhinitis and controls.

It is worthy of note that the present observation is in
accordance with the results of a previous histopathologic
study9 that found a considerable resemblance between pe-
rennial allergic and nonallergic rhinitis with respect to the
mucosal inflammation. In both ailments the inflammatory
cell infiltration consisted mostly of lymphocytes and other
mononuclear cells; eosinophils were present in moderate
numbers and the number of mast cells was alike. In fact,
diagnosis is dependent upon demonstration of IgE antibod-
ies, since it is difficult to distinguish between the two
diseases on the basis of morphologic appearance, or on
clinical grounds.

Goblet cell population, in the nasal passages of normal
subjects, varies considerably and an inverse ratio could be
found between their number and the strength of the air
current,1.2 Their number is abundent in regions where air
current is scanty, and vice versa. Thus, it has been reported
that more goblet cells are found on the inferior turbinate
than on the middle one. Within the former, there are more
goblet cells on the lateral wall than on its medial wall. The
same applies to the inferior versus the superior aspect of the
inferior turbinate. Likewise, the density of goblet cells is
higher in the posterior portions of the nasal septum and the
inferior turbinate than anteriorly. This rule is also applicable
in animals, as Hilding, to and Mogensen and Tos 11occluded
a nostril of a rabbit and later found an increase in the
number of goblet cells in it. Another factor that influences
the goblet cell density is the type of the epithelium. Their
numbers are the highest in pseudostratified ciliated colum-
nar epithelium, decreasing dramatically in transitional type
epithelium, and almost disappearing in regions covered by
squamous epithelium.12

It has been reported that several diseases are associated
with significant changes in the number of goblet cells in the
nose. Their number is markedly decreased in atrophic rhi-
nitis, 13, 14 whereas chronic infections result in an increased
goblet cell density. IS Although the mechanisms involving
goblet cell hyperplasia are not fully established in humans,
a causative relationship between neutrophil accumulation
and induction of goblet cell hyperplasia is suggested in
animal models. These studies demonstrated an increase in
goblet cell number following instillation of supernatant
from either lysed purified neutrophils or activated neutro-
phils into the trachea of hamsters or rats. 16, 17 It has also
been suggested that goblet cell secretion adds little to the
total volume of nasal fluid in normals, but rather contributes
to the viscoelastic properties of the mucous blanket. 18 Al-
though the secretion of submucosal glands is controlled by
the autonomic nervous system, goblet cells lack innervation
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in humans, and the mechanism that regulates their secretory
activity under normal conditions is unknown. Nevertheless,
there is evidence to suggest that inhaled histamine in guinea
pigs increases airway goblet cell secretion by stimulating
histamine H2-receptors on goblet cells and that intravenous
histamine produces a similar effect through stimulation of
histamine Ht-receptor-mediated release of acetylcholine
from cholinergic nerve terminals.19 It was also found that
other mediators of inflammation, such as PAF, induce gob-
let cell secretion under inflammatory conditions.2o Like-
wise, preliminary studies have revealed that neutrophils as
well as eosinophils contain mucus secretagogues that induce
secretion from submucosal glands and goblet cells.21

,22

In conclusion, as goblet cell number does not increase in
the inferior turbinates of patients with perennial allergic and
nonallergic rhinitis, further data are needed to examine
whether the amount and composition of goblet cell mucus
secretion undergoes significant changes, and if so, to look
into the possible mechanisms involved in these changes.
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