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SUMMARY
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A review of studies of the nasal mucous elements by whole-mount methods.
Goblet cell development is described till the 30th week of gestation, by which

density is still very small. Density must increase towards and after birth. Som

problems concerning intraepithelial, anterior nasal as well as Bowman's glands

are discussed. The development of the small sero-mucous glands is described

and their distribution and density discussed.

THERE are goblet cells and intra-epithelial glands in the epithelium of the res-

piratory region and serous anterior nasal glands and small seromucous glands

in the lamina propria. In the olfactory region there are serous Bowman's glands.

Over the past two years we have been studying the mucous elements with com-

plete-preparation techniques, the principle of which is to stain the whole mucous

membrane and then clear it with aniseed oil. We used the PAS method which

stains the mucous elements red, the PAS-alcian blue method which stains them

blue and the osmium method which stains all the epithelial elements, serous
glands, vessels and nerves brown (Tos, 1966).
The aim of this paper is to summarize results so far and to point out possible

ways in which the study of mucous elements can be continued using the complete-

preparation techniques.

GOBLET CELLS

It has often been reported that the number of goblet cells is elevated or reduced

under pathological conditions (Hajek, 1905; Oppikofer, 1907; Hansel, 1930;

Eggston and Wolff, 1947; and other authors), but we do not know the normal

distribution and density of goblet cells in the nose. During studies on the em-

bryology of goblet cells, Poulsen and Tos (1975) came across several interesting

situations which may modify the distribution and density of goblet cells in

children and adults: the cells start to develop in the 13th week in front in

the vestibule of the nose. In the weeks which follow they spread backwards,

particularly along the floor of the nose and the lower margin of the septum, and

in the 16th week they meet a goblet cell front which has also spread along the
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Figure 1. Verschiedene Dichtezonen der
Becherzellen in der 30. Woche. Grösste
Dichte ist schwarz.

floor of the nose from the soft palate. From the 17th to 23rd week, they spread
backwards along the meatus and from there to the conchae. A similar distribution
takes place from behind, from the nasopharynx. In the 30th week goblet cells
are found throughout the respiratory region, which at the lateral wall includes
the hindmost two-thirds of the superiod meatus, the posterior half of the concha
media and the hindmost third of the concha superior (Figure 1).
The density of the goblet cells alters continually during development, partly as
a result of further new formation, and partly as a result of the growth of the
mucosal area (Figure 2) (Tos and Poulsen, 1975). Thus, in the 30th week the
density of goblet cells in the nose varies (Figure 1) : on the septum is a zone
of highest density consisting of the vestibule and continuing to the front
quarter and the whole of the lower margin of the septum. Further above is a
zone of medium density and right above (at the border with the olfactory region)
the density is still very low. The situation is somewhat similar in the lateral wall
(Figure 1).
In the 30th week the overall density is still very low compared with that in the
adult nose, where it is 5700 cells per mm2 in the anterior three-quarters of the
septum and 6700 cells per mm2 in the hindmost quarter. Thus, the density must
increase markedly towards and after birth, particularly in those areas where it
is very low in premature babies. In order to put to good use the uniformity of
goblet-cell distribution and density found in foetuses, the quantitative studies
of the density must be continued using material from newborn babies, children
and adults.
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INTRA-EPITHELIAL GLANDS

Figure 2. Grosse Dichte mit
Grupierung der Becherzellen im
Vestibulum septi in der 15.

Woche. Hinten (links) und
oben kleinere Dichte x 400.

The intra-epithelial glands are situated in the epithelium and consist of 20-50

mucous cells arranged radially around a small lumen (Figure 3). These glands

were described in the nose in the last century (Zarniko, 1894; Boenninghaus,

1895; Goerke, 1897; Okada, 1898); they were thought to be pathological struc-

tures, being found in particular in the presence of nasal polyps. However, Oppiko-

fer (1907) found them in most normal nose and so they were later considered to

be a normal constituent of the nasal mucosa. Messerkliner (1958) demonstrated

experimentally that they are unstable structures which can develop within an

hour of injecting pilocarpine, only to disappear again after half-an-hour. During

quantitative studies on intra-epithelial glands in other organs, we (Ellefsen and

Figure 3. Intraepitheliale Driisen im Schnitt (a), im Ganzpräparat (b) x 500.
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Tos, 1972) found only one trachea containing intra-epithelial glands out of 20
adult tracheas which we studied systematically. They were very irregularly distri-
buted and arranged in small islets, where they were very dense. They were
regarded as pathological and stable formations. We found intra-epithelial glands
in all 10 normal adult Eustachian tubes we studied (Tos and Bak-Pedersen, 1972);
however, they were extremely irregular in distribution and they varied con-
siderably in number from a few to 50 in three tubes, between 200 and 400
in five tubes and 1500 and 2500 glands in two tubes.
In systematic studies on 50 noses stained with PAS-alcian blue from foetuses
and premature infants, I found no intra-epithelial glands. This indicates that
they are not a normal constituent of the mucosa, but they are produced by some
previous pathological effect.
In the normal adult noses studied, we found a very irregular distribution of intra-
epithelial glands they would be highly concentrated in one region and com-
pletely absent from another. However, the intra-epithelial glands account for
an insignificant proportion of total mucus production, the mucus-producing
capacity of the individual gland being very small compared to the capacity of a
subepithelial seromucous gland. Quantitative studies are needed to define their
number and density.

ANTERIOR NASAL GLANDS

Bojsen-Moller (1965) was the first to describe the anterior nasal glands in
humans. These glands have ducts 2-20 mm in length which open into the vestibule
of the nose and which drain the serous acini from the tuberculum septi and from
the area in front of the foremost pole of the concha inferior. As a result of
counting the orifices in the vestibule of the nose, Bojsen-Moller considers that
there are 50-80 such glands on the septum and 50-80 in the lateral wall. They
do not develop in the same way as the small seromucous glands (Tos and Poulsen,
1975). They begin to develop in the 11th week with the down-growth of solid
cylinders into the depth of the lamina propria, where they bend, grow backwards
and begin to devide several times. In the 12th, 13th and 14th weeks one or
two new glands are formed, but I was not able to find any more recently-
developed anterior glands. Until the 17th week they are very clearly visible
in complete-preparations; they appear as long strands deep in the propria (Figure
4). However, I could only find 20-30 such glands. In my opinion, they play
a very little part in overall mucus production, they are of little physiological and
pathophysiological significance and they are probably a phylogenetic rudiment:
in some mammals, such as rabbits, rats and apes, they are well-developed (Bojsen-
Moller, 1964) and account for the major portion of the entire glandular mass. In
humans there are few of them and their glandular mass is small and insignificant
in relation to the other seromucous glands, of which there are several thousand.

SMALL SEROMUCOUS GLANDS

These glands are tubulo-alveolar and their orifices are distributed throughout the
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Figure 4. Vordere Teil des

Septums in der 17. Woche.
Anteriore Driisen (Pfeile) mit
langen Gangen und viele kleine
sero-Muköse Driisen inswischen
x 20.

entire respiratory region. Their ducts are short and usually develop vertically

down into the lamina propria where the glandular mass is distributed. Brunner

(1942) reviewed the pathology of the glands, but Naumann (1964) wrote that

the pathology of the glands continues to be "a sealed book" presumably because

their anatomy is still unresolved. There are quite conflicting views as to their

distribution: they are most dense throughout the conchae (Eggston and Wolff,

1947), on the medial side of the concha inferior (Kubo, 1907; Wagemann, 1964)

and on the tuberculum septi (Brunner, 1942) ; their density decreases towards

the posterior pole of the concha inferior (Oppikofer, 1907) and no glands are

found above the vestibule of the nose or behind the conchae (Schiefferdecker,

1900).
The small seromucous glands [studied using complete-preparation techniques

(Tos and Poulsen, 1975)j start to develop in the 13th week in front in the nasal

vestibule (Figure 4). The glands spread to the other regions very much like

the goblet cells, that is to say they spread from front to back along the lower

part of the septum, along the floor of the nose and along the meatus. In the

17th week they also start to spread from the back to the front from the naso-

pharynx, running towards the roof of the nose and the concha suprema. The

conchae are filled from the meatus, and by the 23rd week the glands have spread

throughout the respiratory region.

The density of the glands varies throughout their development. The density

has been measured in front, in the middle and posteriorly on the septum in 50

foetuses and premature infants (Tos and Mogensen, 1976). The density increases

throughout development and in the 23rd week there are 28 glands per mm2

in front, 20 per mm2 in the middle and 18 glands per mm2 behind. This indicates

that there is vigorous formation of new glands up to the 23rd week. The density

in a newborn infant (Figure 5) was 27 glands per mm2 in front on the septum,

and 23-24 glands per mm2 in the middle and behind, which indicates that new

glands are also formed after the 23rd week. A density of 7-9 glands per mm2
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was found in a normal adult nose; this varied somewhat from region to region,
with lower density posteriorly.
The glandular orifices are regularly distributed; there are neither zones with a
high concentration of orifices nor zones completely without glandular orifices
(Figure 5). However, the differences between the density in different regions
hinted at here must be studied quantitatively using a large amount of normal
material.
The distribution of the glandular mass in the lamina propria is particularly com-
plicated and difficult to study since the stain is not capable of penetrating the
thick, compact nasal mucosa. However, embryological studies can give some
indication of the distribution: the earliest glands grow vertically deep down
into the lamina propria and start to divide deep down. There they form a coherent
glandular layer. Glands which start to develop later on when the lamina propria
has become thicker and more solid, and particularly once blood vessels have been
formed, cannot grow downwards before they start to divide. Their glandular
mass therefore develops superficially in the lamina propria. Therefore, two glan-
dular layers are likely to be found in material from adults the superficial
layer and the deep layer.

BOWMAN'S GLANDS

The Bowman's glands are situated in the olfactory region. They are small and

Figure 5. Hinterer oberer Teil des Septums bei Neugeborenen. Regelmassig verteilte klei-
nes sero-mukösen Driisen. Unten grosse, oben kleinere Dichte, im Regio olfactoria (o)
kleine PAS-alzianblau positive DrUsen x 15.
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tubular. Since they are serous, they cannot be stained with PAS and
(Figure 5) and they are difficult to study by complete-preparation

They start to develop in the 15th week in the roof of the olfactory
in subsequent weeks they spread over the entire olfactory region. In
old foetus stained with osmium, a density of 25 glands per mm''
this is rather higher than the density of small seromucous glands at

RESUME
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alcian blue
techniques.
region and

an 18-week-
was found;

the same age.

L'auteur presente une revue des travaux concernant les elements sea étoires

yes sur des preparations de muqueuse nasale examinee dans son
développement des cellules caliciformes de l' epithelium est décrit

semaine de la gestation. A cette periode, la densite des cellules est
faible; elle augmente jusqu'a la naissance et apres celle-ci. Divers
sont discutes, se rapportant aux glandes intraepitheliales, aux glandes
du nez, aux glandes des Bowman. Le développement des glands s(.ro-muqueuses

reparties dans le chorion de la muqueuse de type respiratoire est
distribution et leur densite sont discutées.

ZUSAMMENFASSUNG

obser-
entierete. Le
usqu'a la 30e

encore assez
problemes
anterieures

décrit; leur

tThersicht iiber Studien der mukösen Elemente in der Nase mit Ganzpriparat-
methoden. Die Entwicklung der Becherzellen bis zur 30. Woche, wo die Dichte
noch sehr gering ist, wird beschrieben. Die Dichte muss gegen die und nach der
Geburt stark steigen. Einige Probleme betreffend intraepitheliale, ar teriore nasale

sowie Bowmansche Driisen werden diskutiert. Die Entwicklung der kleinen sero-
mukösen Driisen wird beschrieben, und die Verbreitung und Dichte derselben

diskutiert.

REFERENCES

1. Boenninghaus, G., 1895: tiber Schleimdriisen im hyperplastischen Epithel
schleimhaut. Arch. Laryng. Rhinol. (Berl.), 3, 25.

2. Bojsen-Moller, F., 1964: Topography of the nasal glands in rats and
mammals. Anat. Rec. 150, 11-24.

3. Bojsen-Moller, F., 1965: Glandulae nasales anteriores in the human Nose.
Rhinol. Laryng. (St. Louis), 74, 363-375.
Brunner, H., 1942: Nasal glands. Arch. Otolaryng. (Chic.), 35, 183-2 09.

L. A nIff T1 1047. Hictnnathnincru nf the Far, Nose

der Nasen-

some other

4.
5.

Ann. Otol.

and Throat.

Williams & Wilkens, Baltimore, 250.
6. Ellefsen, P. and Tos, M., 1972: Abnormal intraepithelial glands in the human trachea.

Acta oto-laryng. (Stockholm), 73, 443-452.
7. Goerke, M., 1897: Beitrage zur Kenntnis der Driisen in der Nasenschleimhaut. Arch.

Mik. Anat. Entwicklgesch., 50, 547.
8. Hajek, M., 1905: Ein Beitrag zur Kenntnis der sogenannten intraepithelialen Driisen"

der Nasenschleimhaut. Arch. Laryng. Rhinol., 17, 95.

9. Hansel, F. K., 1930: Clinical and histopathologic studies of the nose and sinuses

in allergy. J. Allergy, 1, 43.

Eggston, and



162 Tos

10. Kubo, I., 1907: Zur Frage des normalen Zustandes der unteren Nasenmuschlen des
Menschen. Arch. Otolaryng. (Chic), 19, 191-201.

11. Messerklinger, W., 1958: Die Schleimhaut der oberen Luftwege im Blickfeld neuerer
Forschung. Arch. Ohr.-Nas.-KehlkHeilk., 173, 1-104.

12. Naumann, H. H., 1964: Kurze Pathophysiologie der Nase und ihrer Nebenhöhlen.
In: J. Berendes, R. Link und F. Zö liner: Hals-Nasen und Ohrenheilk., Thieme, Stutt-
gart, Bd., 1, 156.

13. Okada, W., 1898: Beiträge zur Pathologie der sogenannten Schleimpolypen der Nase
nebst einigen Bemerkungen ober Schleimfirbungen. Arch. Laryng. Rhinol. (Berl.), 7,
204-228.

14. Oppikofer, E., 1907: Beiträge zur normalen und pathologischen Anatomie der Nase
und ihrer Nebenhöhlen. Arch. Laryng. Rhinol., 19, 28-80.

15. Poulsen, J. and Tos, M., 1975: Goblet cells in the developing human nose. Acta
oto-laryng. (Stockholm), 8, 434-442.

16. Schiefferdecker, P., 1900: Histologic der Schleimhaut der Nase und ihrer Neben-
höhlen. In Handbuch der Laryngologie und Rhinologie (Ed. Heymann, P. Alfred
Holder, Wien).

17. Tos, M., 1966: Development of the tracheal glands in man. Acta path. microbiol.
scand. Suppl. 185, 1-142.

18. Tos, M. and Bak-Pedersen, K., 1972: Intra-epithelial glands in human Eustachian
tube. Arch. Otolaryng. (Chic.), 96, 546-552.

19. Tos, M. and Poulsen, J., 1975: Density of goblet cells in the developing nose. Anat.
Anz. 138, 420-426.

20. Tos, M. and Poulsen, J., 1975: Mucous glands in the developing human nose. Arch.
Otolaryng. (Chic.), 101, 367-372.

21. Tos, M. and Mogensen, Chr., 1976: Dichte der mukosen Driisen in der fOtalen Nase.
55, 21-27.

22. Wagemann, W., 1964: Anatomie, Physiologie und Untersuchungen der Nase und
der Nasenhöhlen. In Hals-Nasen-Ohrenheilk., Band 1 (Ed. Berendes, J., Link, R.
and Miner, F.), Georg Thieme Verlag, Stuttgart, 13.

23. Zarniko, C., 1894: Krankheiten der Nase, 231. Karger, Berlin.

Mirko Tos, M.D.,
ENT University Clinic,
Gentofte Hospital,
2900 Hellerup,
Copenhagen, Denmark.




