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ABSTRACT

Background: The histology of olfactory mucosa has been previously studied under light and electron microscope. There are marked geographical differences between Pakistan and other countries where most of the research on olfactory epithelium has been conducted. 

Objectives: To study morphology and quantitative analysis of Bowman’s glands in human olfactory mucosa in Pakistani population.

Study Design: An observational study.

Place and Duration of Study: This research was done in the Anatomy Department, A M College, Rawalpindi. The duration of study was two years from January 2001 to December 2003.

Materials and Methods: Enbloc specimens were obtained from 20 autopsy cases. After decalcification, they were processed, stained with haematoxylin and eosin (H&E) and seen under light microscope. The olfactory mucosa was observed in the roof, medial and lateral walls of both nasal cavities. The type of glandular tissue and its morphology was observed. 

Results: The olfactory epithelium was morphologically pseudostraified columnar with a characteristic lamina propria containing numerous olfactory nerve fascicles and Bowman’s glands, observed in the roof, medial and lateral walls of both nasal cavities. The secretory acini were almost circular in cross section and measured 20 to 25 µm in diameter. The secretory cells (7-10 µm) were pyramidal in shape, with rounded darkly stained nuclei lying in the basal half of the cells. The ducts were seen leading from the glands onto epithelial surface. Mean number of serous acini when compared in the roof, medial and lateral walls of right and left nasal cavities was statistically insignificant. 

Conclusion: Olfactory mucosa was lined with pseudostratified columnar epithelium. The secretory acini of Bowman’s glands were almost circular in cross section and cells were pyramidal in shape. Mean number of serous acini when compared in the roof, medial and lateral walls of right and left nasal cavities was statistically insignificant. 
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INTRODUCTION
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The mucous membrane of the olfactory area lines the uppermost part of the roof nasal cavities. From the roof it extends down on both sides of each nasal cavity; on the lateral side it extends to cover most of the superior concha, and on the medial side it extends for about 1 cm down the nasal septum [1]. The olfactory mucosa consists of pseudostratified columnar epithelium and an underlying lamina propria [2]. The olfactory epithelium is composed of: olfactory receptor cells (sensory cells), sustentacular cells (supporting cells), basal cells and microvillar cells [3]. The lamina propria contains numerous olfactory nerve fascicles and olfactory glands (of Bowman), which pour their secretions through ducts onto the epithelial surface. The secretion produces a fluid environment around the olfactory cilia that clear the cilia, facilitating the access of new odoriferous substances [4-6]. The Bowman’s glands appear to develop as an epithelial budding in the lamina propria of the olfactory mucosa during 12th week of gestation [7, 8].  The Bowman’s glands cells also play a role in olfaction because they produce a number of olfactory binding proteins that may facilitate transport of odorants to olfactory receptor cells [9]. These cells express the mRNA for

transforming growth factor α, which can stimulate division in the olfactory epithelium and production of at least some new olfactory receptor cells. The mucous produced by the Bowman’s glands may also play an important role in protecting the epithelium from drying out [10]. 

The olfactory epithelium rests upon a thick connective tissue lamina propria containing Bowman’s glands and olfactory axons bundles. It also includes some pigment cells, lymphoid cells and a rich plexus of blood capillaries. In its deeper portion, there is a plexus of large veins and numerous lymphatics [11, 12]. The Bowman’s glands are branched tubuloalveolar structures that lie beneath the olfactory epithelium and secrete onto the epithelial surface through narrow, vertical ducts. Their secretions, which include defensive substances, lysozymes, lactoferrin, IgA and sulphated proteoglycans, bathe the dendritic endings and cilia of the olfactory receptors allowing their diffusion to the sensory receptors [13-16]. 

The olfactory receptors contain, in their membranes, specialized odorant receptors that are coupled to G-protein molecules, which link these receptors to adenyl cyclase. When an appropriate odiferous molecule binds to olfactory receptor, it activates G-protein molecule, which via adenyl cyclase, generates cyclic AMP; this, leads to opening of sodium channels, generating a depolarization in the olfactory receptor [17, 18]. After the odorant molecules reach the olfactory region, they must interact with mucus overlying the receptor cells. The mucus apparently comes from Bowman’s glands deep in lamina propria and adjacent respiratory mucosa (goblet cells) [19]. The mucous prevents building of potentially dangerous or overpowering stimuli, keeping area moist and free from dust or other debris [20]. The sensitive ends of olfactory neurons are exposed to outside world from which they are protected only by a thin layer of mucus. Chemoreceptive neurons of this type have been widely retained throughout invertebrate and vertebrate evolution. All olfactory neurons develop, mature, and die in a matter of weeks and are replaced by stem cells, which also replace olfactory neurons after injury. Neuronal death and regeneration requires routing of regenerating axons and synaptic junctions onto neurons in the olfactory bulb. The olfactory system thus presents continuous synaptic regeneration. It is thought that no other nerve cells in the adult human nervous system regenerate, although a great deal of central axonal sprouting and synaptic remodeling occurs [21]. 

Most of the research on olfactory mucosa has been conducted in USA and Europe. There are marked geographical differences between these countries and Pakistan. There is also difference in the life expectancy between the populations of these countries. According to WHO health report 2006 for the year 2004, the life expectancy in Pakistan was 62 years, as compared to USA where it was 75 years for males [22]. So there is a wide gap of knowledge pertaining to morphology of Bowman’s glands in this part of the world. The majority of studies have been carried out on laboratory animals and studies on humans have been confined to a limited number of cases. 

This study is important in advancing our knowledge because there is a lack of such basic work in our population. This knowledge of basic sciences would help in understanding the normal structure and then can help in identifying different abnormalities in this region, which are not completely understood.  

MATERIALS AND METHODS 

The study was carried out in the Department of Anatomy, A M College, Rawalpindi from January 2001 to December 2003. The olfactory region was removed from 20 human adult male cadavers ranging between 30 to 50 years, with an average age of 36 years during autopsy in the mortuary of King Edward Medical College Lahore. The cadavers were placed in a cold room at 4°C until the time of autopsy, which was performed within 6 hours after death. The cadavers with nasal injury, polyps, evidence of major rhinal operation and inflammatory and neoplastic conditions of nose identified on gross appearance were not included in the study. The scalp, calvaria and brain were removed and anterior cranial fossa was exposed to approach the olfactory region. The bone was cut around cribriform plates with a longer axis anteroposteriorly. One cm piece of tissue in the anteroposterior dimension was taken. The tissue included roof, medial and lateral walls of the right and left nasal cavities.
The specimen was fixed in 10 % formol saline for a period of seven days and then the bone was decalcified in ethylene diamine tetracetic acid (EDT A) solution. The fixed tissue was sequentially dehydrated in 70% to absolute alcohol solutions and embedded in paraffin. Five​micron thick consecutive sections were made; the slides were stained with haematoxylin & eosin (H&E) stain and observed under light microscope. The type of glandular tissue and its morphology was observed.
RESULTS 
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The olfactory mucosa was observed in the roof, medial and lateral walls of the right and left nasal cavities. The general histological study of the olfactory mucosa revealed its following layers; epithelium, basement membrane and lamina propria. The olfactory epithelium was found to be morphologically pseudostratified columnar in type. The free surface of the epithelium had small projections. Based upon position of the nuclei, following cells were identified in the epithelium. The olfactory receptor cells had a cell body located in the basal two third of the epithelium, having one apical (dendrite) and one basal (axon) process. The dendrite going towards the free surface ending as a dendritic knob. The sustenticular cells had their nuclei in the upper one third of the epithelium, and a brush border at their apical surfaces. The basal cells were present at the base of the epithelium (Fig.1). 

The basement membrane was well defined homogenous structure, lying against the under surface of the epithelial cells. The lamina propria was highly cellular, rich in connective tissue, glands, nerves and blood vessels. In the region of roof the lamina propria reached upto the periosteum of the bone and in places of nasal septum upto the perichondrium of the cartilage. The serous glands were observed in all the regions of lamina propria. The glands were most conspicuous components of the lamina propria. The secretory acini composed of secretory cells were almost circular in cross section with a diameter measuring 20-25 µm at their peripheral edges; the outermost limit of the secretory cells and having a small circular lumen in the center (Fig. 2). The secretory cells were serous in nature, 7-1 0 µm in size, pyramidal in shape, with rounded darkly stained nuclei lying in their basal half. The apical pole of the cell was directed towards the lumen of the acinus and contained large number of secretory granules (Fig. 3). The ducts extending from Bowman's glands were seen in the epithelium. The ducts started in the lamina propria, traversed the whole thickness of the epithelium and their openings were seen at the free surface of the olfactory mucosa. 

Nerve fascicles were seen in all areas of the lamina propria. The basal processes (axons) of the olfactory receptor cells converge in the lamina propria to form nerve fascicles which traverse through the bone to reach the olfactory bulb present in the anterior cranial fossa. Blood vessels were numerous in all the regions of lamina propria. Most of the capillaries lined by flattened epithelium were dilated and contained red blood cells (Fig. 4). 

DISCUSSION 
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Serous glands were observed in the lamina propria of olfactory mucosa present in the roof, medial and lateral walls of both right and left nasal cavities. The glands were most conspicuous component of the lamina propria and were of branched tubuloalveolar in type. The secretory acini were almost circular in cross section with narrow lumen; were serous in nature, their cells were pyramidal in shape with round basophilic darkly stained nucleus. As observed by Moran et al among the most conspicuous components of the lamina propria are the branched tubuloalveolar Bowman's glands in human olfactory mucosa; these secrete fluid that is discharged at the surface of the olfactory epithelium [12]. They further reported that the secretory acini are circular in cross-section with the basal pole of the cell containing large round nucleus. 

Nakashima et al studied the olfactory and respiratory epithelia in the human fetus and adult to determine the degree of degeneration of the olfactory neuroepithelium and distribution of olfactory epithelia in adults with a high degree of olfactory dysfunction [23]. They described numerous serous type (Bowman's) glands visible beneath the olfactory epithelium in the thick lamina propria. In degenerated areas they observed distended lumina of acini of the glands and enlarged openings of their ducts. At some places, the glands were seen reaching the epithelial surface. Morrison and Costanzo studied the morphology of the human olfactory epithelium and the remarkable plasticity of the vertebrate olfactory system [2]. They observed Bowman's glands in the lamina propria of the olfactory region, a single duct extending from the gland, passing through the epithelium to the mucosal surface. In another study Nakashima et al observed variations of human olfactory mucosa immunohistologically and provided information on the process of degeneration and regeneration of the olfactory system in man [24]. They described serous type lectoferrin containing glandular acini beneath degenerated epithelium. The ductules of the Bowman's glands were extended and the openings of these glands were wide. They also saw invaginations of olfactory epithelium into the distended lumina of Bowman's glands, and these components were derived from supporting cells. These findings suggested that the epithelial cells of Bowman's glands play an important role in regeneration of the human olfactory mucosa. 

According to Miani et al the Bowman's glands were observed to be involved in the degenerative process. Several structural disorders were seen in the neuroepithelium and Bowman's glands of laryngectomized subjects [25]. It means that age as it affects the sense of olfaction may have effects on the morphology of the Bowman's glands. 

Kratzing observed that lamina propria under the olfactory epithelium was occupied by simple tubular olfactory (Bowman's) glands [26]. Their secretions stained similar to goblet cells of the respiratory epithelium when treated with periodic acid Schiff and with alcian blue. The glands occurred in isolated patches in conchal lamina propria; their cells had an abundant granular endoplasmic reticulum and their striated ducts opened to turbinate surface. As observed by Costanzo and Morrison the Bowman's glands were composed of pyramidal secretory cells arranged about a single duct that extended to the epithelial surface [27]. Our observations are consistent with findings of other researchers and there seem to be no morphological differences observed in our study of Bowman's glands in Pakistani population. 

Ferrari et al described mixed Bowman's glands composed of mucous and serous secretory cells in the lamina propria of the South American Armadillo [28]. According to their observation both cell types were seen in a single end piece but the mucous cells were always numerous. Both types were pyramidal shaped with round or oval basal nuclei. The mucous cells contained large, light, closely paced ill-defined granules while the serous cells had small, discrete, homogenous and dark granules. We have observed only serous type cells of the Bowman’s glands in the lamina propria of human olfactory mucosa. Miller et al treated ponies with 3-Methylindole and observed mild to moderate injury to olfactory epithelium [29]. The ponies showed proliferative changes in the epithelial cells of Bowman’s glands. The glandular epithelium increased in size.  

CONCLUSION

This study is the first detailed light microscope investigation of human olfactory mucosa emphasizing on Bowman’s glands in a Pakistani population. The olfactory epithelium was morphologically pseudostraified columnar with a characteristic lamina propria containing numerous olfactory nerve fascicles and Bowman’s glands, observed in the roof, medial and lateral walls of both nasal cavities. The secretory acini were almost circular in cross section and measured 20 to 25µm in diameter. The secretory cells, 7-10 µm in size, were pyramidal in shape, with rounded darkly stained nuclei lying in the basal half of the cells. The ducts were seen leading from the glands onto epithelial surface. Mean number of serous acini when compared in the roof, medial and lateral walls of right and left nasal cavities was statistically insignificant. Our observations are consistent with findings of other researchers and there seem to be no morphological differences observed in our study of Bowman’s glands in Pakistani population.
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Legends for illustrations
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Fig-1:	Photograph of required tissue anterior view. Cadaver No. 4, showing roof, medial and lateral walls of right nasal cavity (R) and left nasal cavity (L)
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Fig-2:	Section of human olfactory mucosa. Cadaver No. 09, showing olfactory epithelium (E), blood vessels (BV), nerve fascicle (N) and Bowman’s glands (arrow). A duct (arrowhead) is seen passing through the epithelium onto the epithelial surface. H&E stain. Photomicrograph Approx. 100X
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Fig-3:	Section of human olfactory mucosa. Cadaver No. 12, showing secretory acini (arrow) having small circular lumen, in the lamina propria. H&E stain. Photomicrograph Approx. 400X
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Fig-2:	Section of human olfactory mucosa. Cadaver No. 09, showing olfactory epithelium (E), blood vessels (BV), nerve fascicle (N) and Bowman’s glands (arrow). A duct (arrowhead) is seen passing through the epithelium onto the epithelial surface. H&E stain. Photomicrograph Approx. 100X
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Fig-3:	Section of human olfactory mucosa. Cadaver No. 12, showing secretory acini (arrow) having small circular lumen, in the lamina propria. H&E stain. Photomicrograph Approx. 400X
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Fig-4:	Section of human olfactory mucosa. Cadaver No.10, showing pyramidal secretory cells. Granules (arrow) are present in the apical pole of the secretory cells. H&E stain. Photomicrograph Approx. 600X
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