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Summary. The olfactory epithelium and the olfactory gland were electron micro-
scopically observed in the bat and rabbit.

1. Inspite of abundant tubular components of sER, the supporting cells show no cyto-
logical signs of secretory activity. Numerous long irregular microvilli which are protruded
from the supporting cells into the mucous film covering the olfactory epithelium contain
no axial filaments. From the outer leaflet of the plasma membrane covering these cells
and their microvilli, numerous polypoid processes are projected into the mucous film.
These newly identified delicate processes with an apical vesicular swelling about 200 A in
diameter may be involved in an extension of surface area or in a microapocrine release of
unknown substance.

2. Olfactory cell perikaryon extends an apical dendrite forming an olfactory vesicle
(better to be called “dendritic bulb”) and a basal neurite or axon. Basal bodies of olfactory
cilia are contained in the dendritic bulb and provided with 3 types of appendages: one or
occasionally 2 striated conical basal feet directed toward the center of the dendritic bulb,
an occasional 1.2 # long striated rootlet and 9 spokes which extend between the distal end
of each of 9 triplets of the basal body and the surface plasma membrane.

3. The present study has first disclosed the so-called “large dense-cored vesicles” about

'750—1,000 A in diameter in the perikaryons and axons of olfactory cells. Thedendrite and

axon contain numerous neurotubules and mitochondria, but no neurofilaments. Cyto-
logical differences between dendrite and axon consist in that the former contains scatter-
ing free ribosomes but no large dense-cored vesicles, while the latter contains no free
ribosomes but some large dense-cored vesicles.

4. Undifferentiated basal cells containing no tonofilaments, which are supposed to
differentiate through mitosis into “intercalated cells,” are proposed in this paper. Elec-
tron-lucent intercalated cells show cytological characteristics of undifferentiated cells,
and may probably be precursors of both olfactory and supporting cells.

5. In the bat and rabbit olfactory gland, the presence of an intraepithelial excretory
duct surrounded by proper epithelial cells lacking in secretory function seems doubtful.
The olfactory gland seems to lack a basement membrane. Secretory cells are in various
stages of the secretory cycle, but no distinct cell types have been distinguished. Secretory
granules of low density with dense cores support, together with their histochemical pro-
perties, the mucous nature of the olfactory gland in both species, though the rich tubular
elements of SER may suggest a possible peculiar nature of their secretions. Rabbit sec-
retory cells contain “dense rodlets,” which are probably derived from the tubular sER.
They are discharged by apocrine process into the glandular lumen.

The olfactory mucosa, especially the olfactory epithelium, has been studied by
many authors with the light (KoLMER, 1972; ALLison, 1953; Bane and Bang, 1959 etc.)
and electron microscope (ReEsk, 1965; OxaNo, 1965; Okano et al., 1967; SEFerT and
ULE, 1967; Frisch, 1967; ANDRES, 1969; GrAZIADEL 1972 etc)). However, several ques-
tions still remain unanswered. On the other hand, the olfactory gland (Bowman)
has been studied in detail by Tovopa (1960) with the light microscope in various
mammalian species, but only a few electron microscopical investigations (BREIPOHL,
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1972) have been available on this important consituent of the olfactory mucosa, and
detailed electron microscope studies are required for the elucidation of its fine struc-
ture. In the present study, the olfactory mucosa, including the olfactory gland, was
|observed with the electron microscope in the bat and rabbit to make some contribu-
‘%}tions to'the knowledge of the fine structure of the mammalian olfactory mucosa.

Materials and Methods

Six wild bats, Rkinolophus ferrum-equinum nippon, of both sexes captured in June
and November in mountainous districts of Gunma and Chiba Prefectures and domestic
male albino rabbits were used for this study. From decapitated or nembutal-
anesthetized bats and rabbits, olfactory mucosae were excised and immediately im-
mersed into the fixative (2.5% glutaraldehyde, 0.1 M phosphate buffer, pH 7.4, 0°C).
After 2 hrs’ fixation, these samples were washed 3 times in cold glucose buffer (0.1 M
phosphate buffer, 7% glucose) and left overnight in the same buffer at 5°C (MizUHIRA,
1973). Immediately after the fourth washing in cold glucose buffer, they were post-
fixed 1 hr in 1% OsOy dissolved in the same cold buffer. The samples were dehydrated
as usual through an ethanol series, embedded in Epon 812 and sectioned with the
Porter-Blum ultramicrotome. Sections were stained with uranyl acetate saturated in
water and then in SaT0’s lead solution (SaTo, 1968). To determine the chemical
nature (mucous or albuminous) of the secretory product of the olfactory gland, addi-
tional samples of bat’s olfactory mucosa were fixed and stained with ruthenium red
according to Lurt (1971). All these samples were observed under the electron micro-
scope JEM-100C. Thicker sections of Epon-embedded specimens were stained with
0.1% toluidine blue in 0.1 M phosphate buffer (pH 7.4) and observed under the optical
microscope.

For light microscopic examinations, specimens excised from bat and rabbit olfac-
tory mucosa were fixed in 10% neutralized formalin or in Zenker-formalin and pre-
pared ‘into celloidin or paraffin sections to be stained with hematoxylin-eosin, PAS,
chromic acid-Schiff reaction of BAugr and alcian blue 8GX (Scort and DROLING, 1965).

Result

The olfactory mucosa comprises the olfactory epithelium and the subjacent con-
nective tissue layer, the lamina propria and the tela submucosa, that is, the deeper
layer of the connective tissue. The olfactory epithelium belongs to a typical pseudo-
stratified columnar epithelium and is composed of (1) tall and slender olfactory or
neuroepithelial cells, (2) supporting cells which are as tall as the former, and (3) short
basal cells which line along the basal surface of the olfactory epithelium in a single
layer (Fig. 1). There are authors who have identified the fourth and fifth type cells
(OxaNoO, 1965; OkaNo et al.,, 1967; ANDRES, 1969). The connective tissue layer, lamina
propria and tela submucosa, contain branched tubular or tubuloalveolar olfactory
glands (Bowman) each with a short unbranched excretory duct which perpendicularly
perforates the olfactory epithelium to open on the free surface of the latter. The con-
nective tissue contains, besides Bowman’s glands, unmyelinated fila olfactoria of the
olfactory nerve running between the acini of the gland and several kinds of connec-
tive tissue cells such as lymphocytes in variable numbers.

The free surface of the olfactory epithelium is covered, as is widely known, with
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Fig. 1. Survey electron photomicrograph of the bat olfactory epithelium in the vertical sec-
tion. BC basal cells, By blood vessel containing erythrocytes, Cn connective tissue, D¢ dendritic
bulb (olfactory vesicle),IC intercalated or interstitial cells, LC light cell in the basal cell layer,
Mi mitosis of the intercalated cell, My microvilli of supporting cells, OC olfactory cells, SC sup-
porting cells which contain in infranuclear portions many dense bodies of variable sizes (lipo-
fuscin granules). X 2,600

a thick mucous film, which is thought, in mammalian species, to be mainly formed
by secretion discharged from olfactory glands (Fig. 2). By light microscopy a brush
border-like structure of the olfactory epithelium has been revealed to be protruded
into the basal layer of the mucous film. As proved by electron microscopy, this may
correspond to well-developed microvilli of supporting cells.

Olfactory Epithelium
1. Supporting cell
The supporting cell (Fig. 1, 3, 4) is a slender columnar cell with a wide apical or
distal portion and a tenuous proximal portion which tapers toward the basement

membrane to form a foot process. The basement membrane and the basal surface of
the foot process are connected with hemidesmosomes (Fig. 10, 12).
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Fig. 2. Survey electron photomicrograph of the mucous film (layer) covering the bat olfactory

epithelium and the distal border of the olfactory epithelium sectioned transversely but somewhat

obliquely. Within the mucous film (MF) dendritic bulbs (olfactory vesicles) (D¢) containing several

basal bodies of olfactory cilia, microvilli of supporting cells (Mv), thick as well as thin portions of

olfactory cilia the latter of which show many rounded swellings. In the olfactory epithelium

profiles of dendrites (De) of olfactory cells are seen being separated from each other by supporting
cells (SC). Mt mitochondria, Tw terminal webs of supporting cells. x 5,400

Between the wide apical portion and the tenuous proximal portion, an oval nuc-
leus is present. From the apical surface of the cell forming the free surface of the
olfactory epithelium a number of irregular, and partially branched microvilli of con-
siderable length extend into the mucous film. They show on the whole a seeweed-
like appearance as described by Oxkano (1965) (Fig. 1-4). They contain no axial fila-
ments. In the present study, a unique and delicate structure has been revealed on
the plasma membrane of the microvilli of supporting cells. This hitherto unknown
structure is represented by numberless fine bubble-like or drumstick-shaped processes
protruding at approximately right angles probably from the outer leaflet of the plasma
membrane. The basal part (neck) of these processes is more or less constricted, and
the apical end is swollen into a vesicle measuring about 200A in diameter (Fig. 2-5).
The limiting membrane of each process is very thin and seems different from the
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Fig. 3. Distal portions (supranuclear and apical portions) of supporting cells (SC), a perikaryon
(OC) and 4 dendrites (De) as well as dendritic bulbs (olfactory vesicles) (Dt) of olfactory cells are
seen in a vertical section of the bat olfactory epithelium. The distal portions of suporting cells
contain numerous mitochondria, abundant smooth endoplasmic reticulum (sER) and a small amount
of rough endoplasmic reticulum (rER). Tubular components of sER show parallel arrays and occa-
sional whorl-like configurations (W). The perikaryon of an olfactory cell contains mitochondria,
rER and free ribosomes (Nissl substance): the dendritic bulbs contain several basal bodies and a
small number of mitochondria and dendrites mitochondria and longitudinally oriented microtubules
(Mi). T junctional complex, Mb multivesicular body, My microvilli, T tonofilament bundle, Tw ter-
minal web. x 7,500

plasma membrane of a trilaminal structure (Fig. 5). The delicate processes are also
identified on the plasma membrane limiting the free surface of the supporting cell
itself. In both bat and rabbit, these fine processes have been demonstrated, but some-
what less numerous in the rabbit.

Immediately beneath the free surface, supporting cells possess a terminal web in
which cell organelles are almost lacking (Fig. 2-4). At the level of this layer, neigh-
boring supporting cells are connected with junctional complexes; zonula occludens
or the tight junction found just beneath the free surface (Fig. 3) is immediately fol-
lowed by zonula adherens and macula adherens (desmosome), to which fine filaments
of the terminal web and tonofilament bundles of the cytoplasm are concentrated (Fig.
3). Desmosomes are occasionally found also in deeper portions of the epithelium more
or less away from the junctional complex. Between the supporting cell and olfactory
vesicle of the olfactory cell as well as between adjacent olfactory vesicles, the same
junctional specialization are observed (Fig. 3).

' In the supranuclear and apical cytoplasm beneath the terminal web, namely in
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the widest and most cytoplasm-rich portion of the supporting cell, there are concen-
trated cell organelles, i.e., centriole, mitochondria, smooth and rough endoplasmic retic-
ulum, free ribosomes, microtubules and tonofilaments. The Golgi complex and multi-
vesicular bodies are also located in the supranuclear area. Neverthless, no cytological
signs suggesting production of secretory granules have been detected either in bat or
in rabbit supporting cells.

Richness in smooth endoplasmic reticulum is one of the conspicuous cytological
characteristics of bat and rabbit supporting cells; abundant fine tubular profiles of
smooth endoplasmic reticulum are found mainly along the lateral surface of the cell,
making dense parallel arrays of variable thickness (Fig. 1, 3). In the central area of
the cytoplasm, tubules of smooth endoplasmic reticulum are arranged in loose net-
works and frequently make basket-like investments around the mitochondria (Fig. 3).
As some investigators reported (Frisch, 1967), tubules of smooth endoplasmic reticu-
lum are occasionally concentrically disposed to exhibit whorl-like lamellar corifigura-
tions of variable sizes (Fig. 3).

Rough-surfaced endoplasmic reticulum is much less developed in both bat and
rabbit supporting cells. Organized tubular or cisternal constituents of rough endo-
plasmic reticulum are loosely distributed for the most part in the central area of the
cytoplasm. Direct transition of tubules of rough endoplasmic reticulum into those of
smooth endoplasmic reticulum losing attached ribosomes is not infrequently observed
(Fig. 3, 7B).

Free ribosomes are not numerous. Forming polysomes, they are mainly found in
areas in which rough endoplasmic reticula are distributed.

Considerably numerous mitochondria are concentrated in the apical and supra-
nuclear regions of supporting cells, and they also extend into the infranuclear region
and the foot process (Fig. 1, 8, 10, 12). They are filamentous or rod-shaped in profile
and elongated approximately along the long axis of the cell.

Multivesicular bodies are found in the supranuclear region singly or few in num-
ber; they are in general small in size and contain a few small vesicles (Fig. 3).

A few microtubules of about 200 A thickness and a few tonofilament bundles run
among mitochondria and components of endoplasmic reticulum almost parallel to the
long axis of the supporting cells, and some of the tonofilament bundles anchor with
one end in desmosomes as mentioned above (Fig. 3). The Golgi apparatus is found in
the supranuclear area, and composed of some Golgi complexes. They consist of typical
lamellae and vesicles, but vacuoles are scarcely found. Signs suggesting the forma-
tion of secretory granules in Golgi complexes have never been confirmed. A single
centriole is occasionally found in the apical cytoplasm beneath the terminal web.

Plasma membranes of neighboring supporting cells are closely apposed in parallel
to each other with an even intercellular space, about 200A wide. Intercellular inter-
digitations are nowhere detectable (Fig. 1-4). The same parallel apposition of plasma
membranes takes place between neighboring dendrites of olfactory cells and apical
and supranuclear portions of supporting cells as seen in the vertical section of the
olfactory epithelium (Fig. 3, 7B). In a transverse section of the olfactory epithelium
(Fig. 2), round or oval cross sections of the dendrites of olfactory cells are seen as if
they are embedded between angular cross sections of distal portions of supporting
cells, and they are separated from each other by the cytoplasmic masses of the latter.
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Fig. 4. Distal portions of supporting cells (SC) and an epithelial
cell of the intraepithelial excretory duct (WC) of the olfactory
gland are shown in a vertical section of the bat olfactory epi-
thelium. The duct epithelial cell contains many electron-lucent
secretory granules (S) some of which possess an electron dense
round core. De and Dt dendrite and dendritic bulb of olfactory
cells, J junctional complex, Mt mitochondria, M» microvilli, Sn a
supporting cell nucleus showing tangentially sectioned nuclear
pores. x 4,600

In the cross section also, the cells are apposed to each other with an approximately
200 A wide intercellular space in between.

The nuclei of supporting cells are ovoid or round. They are usually situated above
the middle of the height of the olfactory epithelium, thus shifted somewhat toward
the distal or apical side of the olfactory epithelium; they are seldom displaced from
this position. The paranuclear cytoplasm is generally narrow and contains a few cell
organelles, for example a few mitochondria and occasional tonofilament bundles pass-
ing through this region (Fig. 1, 3). The chromatin is partially condensed along the
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inner surface of the nuclear envelope, and another part is concentrated in the inter-
nal karyoplasm into a loose and irregular network. The nucleolus is not conspicuous,
and nuclear pores are considerably numerous (Fig. 3, 4).

In the infranuclear portion and in the foot process, a small number of filamentous
and rod-shaped mitochondria are distributed along the long axis, and there are areas
in which tubular constituents of smooth endoplasmic reticulum are concentrated
(Fig. 8,10,12). In the infranuclear region, similar, whorl-like accuamulations of tubules
of smooth endoplasmic reticulum are occasionally observed as in the supranuclear re-
gion. Components of rough endoplasmic reticulum, free ribosomes and tonofilament
bundles running along the long axis are also encountered.

In the infranuclear cytoplasm, there occur considerably numerous large and small
dense bodies, probably lipofuscin granules (Fig. 1, 8, 10, 12, 14). For a long time it
has been believed that the olfactory mucosa may contain a yellow pigment which
would induce a yellow color of the olfactory mucosa, though without precise knowlege
about the location of the pigment. It it possible that these infranuclear lipofuscin
granules of the supporting cell may probably play an essential role in yellow coloring
of the olfactory mucosa.

In Figure 8, cross sections of the proximal portions (infranuclear portion and foot
process) of supporting cells together with those of perikaryons and axons of olfactory
cells are seen. They are characterized by the light appearance of the cytoplasm,
tubular profiles of smooth endoplasmic reticulum and poorness in components of rough
endoplasmic reticulum as well as free ribosomes. Between neighboring supporting
cells and between supporting cells and olfactory cells, the close relationship is con-
firmed by means of the same parallel appositions of plasma membranes with an ap-
proximately 200A wide intercellular space without intercellular interdigitations.
Along the parallel apposed plasma membranes there occur desmosomes here and there
(Fig. 8).

Epithelial cells of the intraepithelial excretory duct of the olfactory gland are oc-
casionally observed among supporting cells. Their apical surface facing the mucous
film is lacking in microvilli. In their relatively dark cytoplasm, numerous filament-
ous and rod-shaped mitochondria elongated along the long axis of the cell, and cister-
nae of rough endoplasmic reticulum are distributed, being intermingled with numer-
ous secretory granules, which show the same cytological properties as those found in
the secretory cells of the olfactory gland. Between an epithelial cell of the intraepi-
thelial duct and an adjacent supporting cell, the same junctional complexes as ob-
served between olfactory epithelial cells are present (Fig. 4). In the bat, the epithe-
lial cell may form rather simple infoldings against adjacent supporting cells (Fig. 4),
which are not observed in the rabbit. As to the excretory duct of the olfactory gland,
a detailed description will be found below.

2. Olfactory cell

As widely accepted, olfactory cells (sensory or receptor cells) have been taken for
bipolar neurons. They are columnar cells as tall as the supporting cells, but as a
whole much more slender than the latter, except for the perikaryon which contains
a spherical nucleus thus making a round swelling. The location of the nuclei in the
olfactory epithelium is somewhat variable, but they are always situated between the
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Fig. 5. High power view of microvilli (M) of a bat supporting cell. Along the surface of

microvilli and free surface of the supporting ce!ll many delicate bubble-like or polypoid pro-

cesses are protruded almost at right angles from. the outer leaflet of the trilaminal plasma

membrane (arrows). The basal part of these processes is constricted and the apical end makes

a vesicular swelling. Dt dendritic bulb of an olfactory cell. x54,000 Inset: Higher magni-

fication of bubble-like processes (arrows) protruded from microvilli. Note they arise from the
outer leaflet of plasma membrane bounding microvilli. % 99,000
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nuclei of supporting cells and those of basal cells (Fig. 1). The distal slender cyto-
plasmic portion which extends between the free surface of the-olfactory epithelium
and the perikaryon is called dendrite (Fig. 1, 3, 7). The distal end of this portion
makes a conspicuous, oval or spherical swelling which extends beyond the free sur-
face of the olfactory epithelium, being found in the mucous film covering the free
surface (Fig. 14, 6, 7). Although this swelling is usually called the olfactory vesicle,
we would like to propose in the present paper to designate it as “dendritic bulb,” be-
cause “olfactory vesicle” may readily remind us of much smaller structures such as
the smooth vesicles contained in it. The constricted proximal portion of this dendritic
bulb, the neck, is connected side by side with the distal end of the neighbouring sup-
porting cell or occasionally with the neck of the abutting olfactory cell by means of
a junctional complex, as already described above in the chapter on the supporting cell
(Fig. 3, 7).

The proximal tenuous cytoplasmic portion extending from the perikaryon toward
the basal surface of the olfactory epithelium is referred to as the axon (neurite) of the
bipolar neuron. Axons finally penetrate the basement membrane of the olfactory
epithelium to enter the connective tissue layer of the olfactory mucosa, where they
are gathered into large bundles, fila olfactoria, and approach the olfactory bulb.

a. Dendritic bulb (olfactory vesicle) and dendrite

Oval or spherical dendritic bulbs measure approximately 1-2 ¢ in diameter and
contain in the cytoplasm a number of microtubules, basal bodies of olfactory cilia and
smooth vesicles, but scanty mitochondria (Fig. 1-3, 6, 7).

Olfactory cilia (hairlets) originate from the basal bodies lying perpendicularly
beneath the plasma membrane lining the dendritic bulb and extend radially into the
mucous film covering the olfactory epithelium (Fig. 2, 6). Olfactory cilia embedded
in their entire length within the mucous film are different from ordinary motile cilia
in the following characteristics: they are composed of a short proximal thicker portion
and 4 long distal thinner portion; the thick portion measures approximately 1 in
length and is as thick as the ordinary motile cilium. It extends almost radially from
the dendritic bulb. The thin portion arises from thé attenuated distal end of the thick
portion, runs for a long distance within the mucous film almost parallel to the free
surface of the olfactory epithelium and then bends in the direction away from the
latter to arrive finally at the superficial layer of the mucous film (Fig. 2).

The long thin portion is provided with spindle-shaped swellings of an unknown
number which are found along its long axis at unknown intervals (Fig. 2). These
swellings may correspond to the spindle-shaped swellings by Oxano (1965), and the
dilations of the ciliary extension by Friscu (1965). The question, whether the thin
portion of the olfactory cilium of bat and rabbit might terminate in a dilation (swell-
ing), which was revealed by Okano (1965) in the olfactory cilium of the dog has not
been solved in this study. Olfactory cilia protruding from the dendritic bulbs in the
direction almost parallel to the free surface of the olfactory epithelium and number-
less microvilli ascending from the supporting cells almost perpendicularly toward the
free border of the mucous film form a complex meshwork or reticular structire cross-
ing each other within the latter (Fig. 2).

As seen in a longitudinal section shown in Figure 6A, the thick portion of the
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the ciliated epithelium: Longitudinally oriented peripheral tubules on both sides be-
neath limiting plasma membranes of the thick portion and 2 paired central tubules
in the axis. Proximal ends of central tubules, however, do not reach the basal body
of the cilium, disappearing before entering the neck of the thick portion. On the con-
trary, peripheral tubules are continuous through the neck with the wall or shell of
the basal body. In a cross section of the thick portion (Fig. 6B) it is shown that 9
peripheral tubules are doublets, which are circularly arranged at regular intervals
along the limiting plasma membrane of the thick portion, and that cross sections of
olfactory cilium has the same fine structure as that of an ordinary motile cilium of

-

Fig. 6. A. Dendritic bulb containing several basal bodies (Bb) some of which are longitudinally
sectioned and protrude respectively a thick portion of olfactory cilium (Cc). Around the dendritic
bulb and the thick portions of olfactory cilia, profiles of thin portions (Cn) of olfactory cilia and

L4 microvilli (M) of the supporting cell are observed. Profiles of microvilli are characterized by
associated delicate bubble-like processes. Bf basal foot, CF central fibers (tubules), GI glycogen
particles, Mi microtubules, PF peripheral fiber, Sp transitiomal fiber or spoke. X 38,000 B. Cross
section of a thick portion of olfactory cilium showing the fibril pattern 9+2. From each of the 9
doublets a dense line or bridge with a Y-shaped configuration radiates toward the plasma mem-
brane of the cilium (arrow). x 54,000 C. Cross section of the distal end of a basal body. From
the outer surface of each of 9 triplets embedded in the electron dense circular wall of the basal
body one fibrous process i.e., spoke (Sp) is projected radially and exhibits on the whole a pin-wheel

¢ configuration. x 40,000 D. Cross-striated rootlet composed of fine filaments. X 40,000
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the paired central tubules are situated side by side in the center of the circle of peri-
pheral doublets. The presence of central tubules suggests that this cross section is
not made across the neck of the thick portion, but across a more or less distal portion
away from the latter.

From the center of the outer surface of each peripheral doublet a fine dense line
——the radial arm or bridge described by Reksk (1965)——arises radially toward the
plasma membrane of the thick portion, and on the way each bifurcates into two
branches, the peripheral ends of which attach to the plasma membrane exhibiting a
Y-shaped configuration (Fig. 6B). These dense filamentous structures are revealed
in a cross section of the neck of ordinary motile cilia, in which the paired central tu-
bules are lacking. In the present study, these Y-shaped configurations have been
detected frequently in the cross sections of the thick portion, containing paired central
tubules. This probably suggests that these configurations may be distributed, in con-
trast to the finding of Oxano (1965), in wide extent of the thick portion. In bat olfac-
tory cilia, as shown in Figure 7A, there has occasionally been found such a cross sec-
tion of the thick portion, in which two or four pairs of central tubules are identified.

In the cross sections of the distal thin portion of olfactory cilia, no peripheral
doublet is identified anywhere, while a small number of single tubules are detected
scattering irregularly within a small round cytoplasmic area encircled by the plasma
membrane.

In the spindle-shaped swellings found along the length of the thin portion, only
a few single tubules running beneath the limiting plasma membrane are found, while"
in the interior, a few vesicles of variable sizes are frequently encountered (Fig. 2).

Basal bodies of olfactory cilia of the bat and rabbit do not show any peculiar
features as compared with those of ordinary epithelial cilia. They represent short
cylinders standing perpendicularly to the plasma  membrane of the dendritic bulb.
In longitudinal sections, they appear somewhat attenuated toward the distal portion
near the originating part of the cilium (Fig. 6A). As mentioned above, peripheral
tubules of the thick portion of the cilium extend into the electron-opaque wall or shell
of the basal body. The less dense interior of the cylinder, called the cavity, seems to
contain in the center a small elliptic vesicle elongated longitudinally (Fig. 6A) which
is, however, indistinct in appearance because of the obscurity of its limiting mem-
brane. A similar vesicle or granule was observed by REeksE (1965) in the basal bodies
of frog olfactory cilia. In cross sections, basal bodies appear as circular configurations
composed of an electron dense peripheral wall or shell and an electron lucent interior
or cavity, and in the electron dense wall, 9 triplet tubules are circularly arranged at
regular intervals (Fig. 6C), which may continuously extend into the peripheral doublet
tubules of the thick portion of olfactory cilium.

Basal bodies of olfactory cilia of bat and rabbit possess three types of accessory
structures or appendages; spokes or transitional fibers, basal foot and rootlet (fiber).

Spokes are 9 electron dense fibrous structures measuring about 120mg in length,
which extend obliquely between the distal end of the basal body and the plasma
membrane lining the transitional part between the neck of the cilium and the den-
dritic bulb (Fig. 6A). As observed in a cross section of the basal body sectioned in a
plane passing almost tangentially to the surface plasma membrane and through the
distal end of the basal body, 9 spokes originate respectively from the outer surface
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of the 9 triplets of the basal body and extend radially toward the surrounding cyto-
plasm, so that they show on the whole a pinwheel-like configuration (Fig. 6C). Each
spoke is pointed at the end part. These structures have probably been erroneously
reported by Oxano et al. (1967) as basal feet.

The basal foot represents, both in longitudinal and transverse sections of the
basal body, an electron dense conical process with a wide basal surface on the outer
surface of the proximal portion of the basal body and with the attenuated end part
toward the surrounding cytoplasm. The basal foot (Fig. 6A, TA) consists of a bundle
of fine filaments, which exhibit cross striations similar to those of the rootlet fiber
described below (Fig. 7A). Each basal body usually bears one basal foot oriented
toward the definite direction. In the section of the dendritic bulb cut in a plane
parallel to the surface of the olfactory epithelium, all basal feet are oriented toward
the center of the dendritic bulb arising from basal bodies arranged circularly beneath
the plasma membrane of the dendritic bulb (Fig. 7A).  Occasionally basal bodies

Fig.7. A. Dendritic bulb sectioned transversely or in parallel to the epithelial free surface.
Three basal bodies arranged circularly in the peripheral zone of the dendritic bulb protrude one
or two conical striated basal feet (Bf) toward the center of the dendritic bulb which contains
besides basal bodies many smooth vesicles of variable sizes. At the bottom center of this figure
a cross section of a thick portion of olfactory cilium is seen which possesses 2 or 4 pairs of cen-
tral tubules (abnormal fibril pattern). x 40,000 B. Olfactory cilium extending from a basal body
(Bb) within the dendritic bulb (D#) toward the reversed direction into the dendrite (De) of an ol-
factory cell. It contains central (CF) and peripheral tubules (PF) corresponding to the thick
portion of olfactory cilium and is enwrapped by a ciliary vesicle (Ci). Mi microtubule, Mt mito-
chondria, SC supporting cell. X 20,000
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bearing double basal feet are found, and in such a case, both basal feet are oriented
either foward the same direction (Fig. 7A) or toward the opposite direction. ;

The tertiary accessory structure of the basal body is a rootlet which arises from
the proximal end of the basal body wall and extends straight toward the neck of the
dendritic bulb tapering gradually toward the pointed proximal end (Fig. 6D). The
rootlet is not a constant appendage for every basal body of bat and rabbit olfactory
cilia, and so it is encountered only occasionally in sections of dendritic bulbs. It meas-
ures approximately 1.2¢ in length, and is composed of a bundle of fine filaments,
which show cross striations comparable with those of the basal foot, spaced approxi-
mately 700A apart (Fig. 6D).

The exact number of basal bodies which are contained in one dendritic bulb
(olfactory vesicle), that is, the exact number of olfactory cilia sent out from a bulb
is difficuit to count. In Figure 2, many dendritic bulbs are encountered, one of them
containing 8 basal bodies. This is the largest counted number of basal bodies con-
tained in a dendritic bulb in the present study. On the basis of this:counting and
the numbers reported in literature, we have come to the conclusion that the number
of basal bodies containing in a dendritic bulb of bat and rabbit might presumably
attain from 20 to 30 in total.

The present study disclosed, in a bat dendritic bulb, a curious olfactory cilium
which extends from basal body beneath the plasma membrane of the dendritic bulb
for a long distance in a reversed direction toward the deep portion of the dendrite
beyond the neck of the dendritic bulb. In the longitudinal section of this cilium
(Fig. 7B), both the central and peripheral tubules can be distinguished, proving that
this may correspond to a thick portion of an olfactory cilium. The plasma mem-
brane limiting this cilium is reflected at the originating part from the basal body into
that of the ciliary vesicle which encompasses the cilium within the cytoplasm; a nar-
row closed space between the two plasma membranes represents the lumen of the
ciliary vesicle. These findings agree with those of the early stage of the ciliary
development (HUBERT et al., 1974).

The reason why the olfactory cilium has developed in the reversed dlrectlon
into the cytoplasm of the olfactory cell may perhaps be found in the circumstance
that the distal end of the basal body which is distined to develop a ciliary bud has
been erroneously disposed toward the interior of the dendritic bulb. This hypothesis
may also presuppose the presence of polarity in the basal body.

Cytoplasm of the dendritic bulb contains, basides many basal bodies and occa-
-sional rootlets, numerous microtubules running in several directions, variable num-
bers of smooth vesicles and scanty mitochondria (Fig. 2, 6, 7). As seen in Figure 6A,
numerous round or elongated profiles of the microtubules are concentrated near the
basal bodies. These microtubules are supposed to be continuous with those found in
the dendrite.

Dendrites of olfactory cells are thought to be cylindrical in shape, as shown in
Figure 2, and their round or oval cross sections are embraced by cytoplasm of sup-
porting cells, thus being separated from each other. Not infrequently, a few den-
drites are closely adjoined side by side, and their dendritic bulbs are connected at the
neck by means of junctional complexes or terminal bars (Fig. 3, 7B), and plasma
membranes of lateral surfaces of the dendrites adjacent to the dendritic bulbs are
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apposed parallel, separated from each other by an intercellular space about 200 A wide.
The question whether this parallel membrane apposition continues to the more proxi-
mal portion of the dendrite or not, can not be answered in this study. It is, however,
possible that supporting cell cytoplasm may intervene between proximal portions of
neighboring dendrites to separate them from each other, but as shown in Figure 8§,
paralle]l membranes are frequently apposed between neighboring perikaryons.

Main cytoplasmic organelles in the dendrites of olfactory cells are numerous
microtubules, which are oriented longitudinally and almost in parallel to each other,
thus extending into the dendritic bulb (Fig. 3, 7B), and relatively numerous rod-
shaped and filamentous mitochondria elongated generally along the long axis of the
dendrite (Fig. 1, 3, 4, 7B). Besides these main organelles, smooth vesicles are detected
in a small number, and also large multivesicular bodies are occasionally found in the
transitional area between dendrite and perikaryon (Fig. 3). Free ribosomes, which
are also found in a small number in the dendritic bulb (Fig. 3, 7B), increase gradually
toward the proximal portion of the dendrite, and in the area abutting on the perikar-
yon a considerable number of polysomes are detectable (Fig. 3).

b. Perikaryon

Perikaryons of olfactory cells are conspicuous spindle-shaped, nucleated swell-
ings, tapering toward the distal direction into dendrites and toward the proximal
direction into axons, and they are disposed generally in deeper portions of the olfac-
tory epithelium than the nuclei of supporting cells. Round or oval nuclei of olfactory
cells are characterized by a conspicuously large spherical nucleolus of a high electron
density, although the distribution of the chromatin in karyoplasm almost agrees
with that in the supportihg cell (Fig. 8). The electron density of perikaryonal cyto-
plasm (neuroplasm) may chiefly depend on richness in organized components of
rough endoplasmic reticulum and free ribosomes, both of which together compose
the so-called Nissl substance (Fig. 1, 3, 8. In certain perikaryons, flattened cisternae
of rough endoplasmic reticulum are stacked in parallel to make a lamellar arrange-
ment (Fig. 1, 8, 13). In general, Nissl substance of perikaryon of the olfactory bipolar
neuron is rich in free ribosomes in contrast to the relatively small amount of attached
ribosomes on the cisternal membrane of the rough endoplasmic reticulum, so that
there occur, between cisternae of rough endoplasmic reticulum, numerous free ribo-
somes making polysomes (Fig. 3, 8, 13). This particular proportion of free ribosomes
to membrane-attached ribosomes of rough endoplasmic reticulum is thought, as is
widely accepted, to be a morphological characteristic of Nissl substance in neurons.

Perikaryon contains numerous rod-shaped mitochondria. As they are elongated
longitudinally (Fig. 3), cross sections of perikaryons (Fig. 8) commonly show their
round profiles. Golgi complex is found in the supranuclear region (Fig. 8), and is
composed of stacks of Golgi lamellae (cisternae) and numerous Golgi vesicles, of which
relatively many are coated. Frequently large multivesicular bodies occur in the
supranuclear region and near the transitional part between perikaryon and dendrite;
they are larger than those found in supporting cells, and contain many small vesicles
(Fig. 3, 8). Further, dense bodies of variable sizes are detected, and some of them
contain vacuoles and show complex configuration and structure, suggesting that they
have been elaborated as the consequence of coalescence of several dense bodies (Fig. 8).
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Fig. 8. Transverse section of the bat olfactory epithelium cut along a plane close to the peri-
karyons (OC) of olfactory cells. Among them cross sections of the supranuclear regions (0C1)
of perikaryons as well as axons (A) are seen. Between them infranuclear portions of support-
ing cells (SC) intervene which are characterized by tubules of sER. Mitochondria are cut
transversely and show round profiles. Axons contain, besides mitochondria, many neuro-
tubules cut transversely. Db dense body, Ds desmosome, G Golgi complex, Mb multivesicular
body, Nu nucleolus, 7ER rough endoplasmic reticulum (Nissl substance) in the perikaryon.
Arrows point at large dense cored vesicles. X12,700
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These dense bodies may probably be lipofuscin granules.

Large dense cored vesicles measuring 750—1,000A in diameter, which are usually
found in perikaryons of neurons, axoplasm of nerve fibers and synaptic terminals
elsewhere, are occasionally identified in the perikaryons of bat and rabbit olfactory
cells in the vicinity of the Golgi complex (Fig. 8, center).

Identical large dense cored vesicles are also detected in the axoplasm of axons
arising from the perikaryon (Fig. 8); they are not found in dendrites. This finding
supports the view that large dense cored vesicles are elaborated in Golgi complexes
in perikaryons of olfactory cells (neurons), and released into axoplasm to be sent by
means of the axon flow toward synaptic terminals in the olfactory bulb.

As seen in cross sections exhibiting the perikaryons of olfactory cells, they are
rather irregularly distributed within the olfactory epithelium, being separated from
each other by cytoplasmic masses of supporting cells (Fig. 8). Not infrequently,
however, they are found abutting directly on perikaryons, axons or dendrites of
neighboring olfactory cells by means of the membrane apposition, in which, between
parallel apposed plasma membranes, an intercellular space about 200A in width is
interposed, demonstrating here and there electron dense desmosomes (Fig. 8).

c. Axon (neurite)

The tapering proximal end of the perikaryon extends into a thin neurite (axon)
aproximately 0.3 in diameter (Fig. 8, 9). Cytoplasm (axoplasm) of the neurite con-
tains no organized components of rough-surfaced endoplasmic reticulum and free ribo-
somes; main cytoplasmic organelles of
the neurite are numerous microtubules
(neurotubules) running longitudinally
and a small number of mitochondria
elongated also in a longitudinal direc-
tion. Besides these main organelles,
a few large dense cored vesicles and
smooth vesicles (about 0.15-0.2¢ in
diameter) of variable numbers are de-
monstrated. Neurofilaments have not
been revealed in the axons of bat and
rabbit olfactory receptors as in the den-
drite including the dendritic bulb, and
in perikaryon.

As shown in a cross section (Fig. 8),
neurites are embraced by cytoplasmic
layers of supporting cells and far sep-
arated from each other. Occasionally,
however, the cross section of the neurite Fig. 9. Basal cells (BC) and their cytoplasmic pro-
abut on that of perikaryon of the ad- cesses (Fb) which embrace a small bundle of axons

: i _ (A) of olfactory cells in between. Basal cell bodies
jacent olfactory cell with the two mem and processes are rich in free ribosomes but contain

branes being apposed (Fig. 8, bottom y tonofilament bundles. Axons contain many neu-
left). In the basal region of olfactory rotubules sectioned transversely. Bm basement
epithelium, a number of neurites or membrane, Cc connective tissue cell, Db dense body,
axons are gathered in small bundles, Mimiionhondria, KO0

which are embraced by basal cells (Fig. 9), just before penetrating the basement




376 M. YamMAaMOTO:

membrane of the olfactory epithelium.

3. Basal cell

Basal cells are arranged in a single layer along the basal surface of the olfactory
epithelium (Fig. 1). They are low and angular cells of smaller sizes and extend
many slender irregular cytoplasmic processes in variable directions, especially toward
the basement membrane, some bifurcating into branches (Fig. 9, 10, 12). These
processes extend between foot processes of supporting cells (Fig, 10, 12), and fre-
quently interdigitate or elongate side by side in complicated fashions (Fig. 9, 12).
Between these cytoplasmic processes and the cell body, compartments of wide inter-
cellular space are formed, in which, as mentioned above, small bundles of axons of
olfactory cells are contained before they advance into the underlying connective
tissue layer (Fig. 9). The complex basal surface of the basal cell, however, makes a
simple transverse straight contour parallel to the basement membrane, and is con-
nected with the latter by hemidesmosomes (Fig. 11, 12). Between apposed plasma
membranes of adjacent basal cells and between these and supporting cells, there occur
desmosomes, to which tonofilament bundles of basal cells anchor. This is also the
case with hemidesmosomes (Fig. 11).

Small nuclei of basal cells are mostly oval and elongated along the basal surface
of the olfactory epithelium (Fig. 1, 10). The distribution pattern of chromatin in

Fig. 10. Basal cell (BC) and foot processes (Fs) (cut obliquely) of

supporting cells in the basal layer of bat olfactory epithelium. The

basal cell sends out cytoplasmic processes (Fb) between the foot pro-

cosses. The foot processes are characterized by tubular components

of sER and many dense bodies. Between the basement membrane (Bm)

and foot processes many half-desmosomes (Hd) are noticed. Cc con-
nective tissue cell, Mt mitochondria. x 10,600
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nucleoplasm resembles that in the nuclei of the supporting and olfactory cells. They
contain conspicuous nucleoli of irregular shapes and sizes either in the interior of
the nucleus or on the nuclear envelope (Fig. 1). In the narrow cytoplasmic layer
around the nucleus, there occur a number of round and rod-shaped profiles of mito-
chondria (Fig. 10), being distributed also in thick cytoplasmic processes; and abundant
free ribosomes, some of which make polysomes, are widely distributed even in thin
cytoplasmic processes (Fig. 9, 11).  This conspicuous richness in free ribosomes
represents one of the important characteristics of basal cells. By means of this, the
basal cells are easily distinguishable from adjacent basal cytoplasmic regions of sup-
porting cells which are characterized by richness in tubular constituents of smooth
endoplasmic reticulum and dense bodies, probably lysosomes of variable sizes (Fig. 10,
12). By contrast, cisternae of rough endoplasmic reticulum are not numerous. They
are confined in the cell body and in thick cytoplasmic processes (Fig. 10, 12). Besides
these main organelles, small dense bodies, probably lysosomes, and an occasional small
multivesicular body are demonstrated. The Golgi complex has not been revealed in
the present study. As for tonofilaments, it has been proved that their development is
considerably different from cell to cell (compare Fig. 9 to Fig. 11). They are gathered

37

Fig. 11. Basal cell body (BC) containing abundant free ribo-
somes (partially polysomes) and many tonofilament bundles (7)
which ramify and run in random directions. Between the basal
surface of the cell body and the basement membrane (Bm)
several half-desmosomes (arrows) are demonstrated to which
tonofilament bundles adhere. M¢ mitochondria. x 20,000
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Fig. 12. Longitudinally sectioned basal feet (Fs) of the sup-
porting cell (bifurcated) rich in tubular components of sER
and complicated cytoplasmic processes (Fb) of basal cells in
the basal layer of bat olfactory epithelium. The basal sur-
faces of the basal feet and the basement membrane (Bm) are
connected with many hemidesmosomes (arrows). Db dense
bodies in the basal feet of supporting cells, IC intercalated
cell, Lp lipid droplet. x 10,600

for the most part into bundles, which extend in random directions, ramifying in a
simple fashion (Fig. 11). The tonofilament bundle which exists near a desmosome or
hemidesmsome attaches by one end to the latter, as briefly mentioned above (Fig. 11).
In the basal layer of the olfactory epithelium, consisting of basal cells, mitotic
divisions have not been demonstrated in the present study in either bat or rabbit.

4. Interstitial or intercalated cell

The present observation in bat olfactory epithelium has revealed that a number
of irregular-shaped epithelial cells with pale cytoplasm are scattered between other
epithelial cells as well as between the basal cell layer and the layer of perikaryons of
olfactory cells (Fig. 1). Thus, they are confined to the interior of the olfactory epi-
thelium and extend neither to the free surface nor to the basal surface of the latter.
These cells are tentatively named “interstitial or intercalated cells” on account of
their location. Their somewhat irregular-shaped nuclei also appear pale due to their
poor chromatin content (Fig. 1, 12). They possess a small Golgi complex above the
nucleus, a small number of short mitochondria scattered randomly in narrow cyto-
plasm and scanty cisternae of rough endoplasmic reticulum. The main cytoplasmic
organelle seems to be abundant free ribosomes (Fig. 1, 10) and this suggests that the
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interstitial cell may represent an undifferentiated epithelial element. In the present
study, two mitotic figures, probably of this cell type, have been demonstrated in the
same location as usually occupied by the interstitial cell.

Olfactory Gland (Bowman)

In contrast to olfactory epithelium which has been minutely studied by numer-
ous investigators, the olfactory gland has rarely been a subject of detailed light or
electron microscopic study. Among these rare works the excellent light microscopic
study of Tovopa (1960) is most valuable.

As to the type of olfactory gland, there are two different opinions; one assumes ,
that it belongs to the simple branched tubular gland (Tovopa, 1960; BreipoHL, 1972),
and the other claims that it must be a simple branched tubulo-alveolar one (GrAZIADEI,
1972). In any case, these two types of gland are not so much different.

The question, whether or not the olfactory gland possesses a proper excretory
duct surrounded by a peculiar epithelium, has not been ultimately answered. If
present, the duct must be a short channel confined within the olfactory epithelium
and perpendicularly penetrate the latter to open on its surface (Tovopa, 1960). As
already described in this study, epithelial cells of the excretory duct are occasionally
detected within bat olfactory epithelium aligned side by side with supporting cells,
but they contain characteristic secretory granules such as usually found in secretory
cells of the olfactory gland (Fig. 4). Anyway, it is plausible that the olfactory gland
consists, as suggested by Tovopa (1960), of a short intraepithelial portion and an
extraepithelial, main portion present in connective tissue layer, i.e., lamina propria
and tela submucosa of olfactory mucosa.

A cross section of a supposed intraepithelial excretory duct of a bat olfactory gland
is seen in Figure 13, in which three epithelial cells surround a common small luman.
They protrude several short microvilli into the lumen and are connected by junc-
tional complexes abutting on the luminal surface. Between lateral surfaces of the
epithelial cells, fairly complex intercellular interdigitations are found. Along the
basal surface facing the surrounding supporting cells of olfactory epithelium, weak
basal infoldings are observed. These epithelial cells may probably be slender cells
elongated in the apicobasal direction of the olfactory epithelium, and only in one cell
situated on the right side of the central lumen, the nucleus is cut in the plane of the
section. In the cytoplasm of these cells, besides several round and short mitochondria,
abundant tubules of smooth endoplasmic reticulum are densely distributed in con-
trast to a small amount of flattened cisternae of rough endoplasmic reticulum scatter-
ing among the former. This finding in endoplasmic reticulum agrees with that
observed in proper secretory cells of the olfactory gland as described below. Small
Golgi complexes and derse bodies of variable sizes are also detected. One epithelial
cell situated on the bottom left corner of the central lumen appears more electron
dense than other cells, and contains a few secretory granules identical with those
found in proper secretory cells of bat olfactory glands. In this respect, this epithelial
cell agrees with that observed in Figure 4. Upon careful observation, it has been
discerned that two other epithelial cells also possess a few minute secretory granules
in their apical and supranuclear area, respectively (Fig. 13). These findings strongly
suggest that the epithelial cells of this intraepithelial excretory duct may possess
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Fig. 13. Transverse section of probably intraepithelial excretory duct of a bat olfactory gland
sectioned along a plane passing through perikaryons (OC) of olfactory cells. A narrow duct
lumen (SL) is surrounded by 3 epithelial cells. Basal surfaces of epithelial cells facing sup-
porting cells (SC) are provided with basal infoldings (Bi); epithelial cells contain abundant sER,
many mitochondria, Golgi complex (G) and sparse secretory granules (S) of low electron density.
A axon, Db dense bodies, OCI supranuclear parts of perikaryons, 7ER rough endoplasmic retic-
ulum in perikaryons (Nissl substance). Arrows indicate spheridies (nuclear bodies) in the nuc-
leus of an olfactory cells. % 8,000
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secretory activity to produce the same secretory product as proper secretory cells of
the gland. If so, it may become unlikely that the olfactory gland of bat and rabbit
might have a genuine excretory duct lacking in a secretory function.

Figure 14 shows a cross section of the intraepithelial secretory portion of a bat
olfactory gland which has been cut in a plane presumably slightly shifted toward
the basal surface of the olfactory epithelium from that in the cross section of Figure
13. The central glandular lumen is surrounded by numerous large cytoplasm-rich,
conical or cuboidal secretory cells arranged almost radially, which contain variable
amounts of electron-lucent secretory granules. Around this secretory portion, cross
sections of olfactory epithelial cells are seen, but epithelial cells directly adjacent to
the basal surfaces of secretory cells are almost exclusively supporting cells, which
are characterized by containing tubular profiles of smooth endoplasmic reticulum
and many dense bodies (lysosomes) of variable sizes. The basal surfaces of bat’s
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row central lumen (SL) is surrounded by many large conical cytoplasm-rich secretory cells contain-

ing variable numbers of electron lucent secretory granules (S) with dense cores and numerous

mitochondria. The cytoplasm of the secretory cells is filled with sER and rER. The basal sur-

faces of the secretory cells mostly facing supporting cells (SC) are provided with basal infoldings

(Bi) and the lateral surfaces of adjacent secretory cells show intercellular interdigitations ().

Supporting cells are distinguished by tubular profiles of SER and richness in dense bodies (Db) pro-
bably lipofuscin granules. Ce centriole, N nucleus of secretory cells. X 6,000



382 M. Yamamorto:

secretory cells are provided, as mentioned above, with weak basal infoldings of the
plasma membrane facing the supporting cells. Between these infoldings, parallel
apposed plasma membranes of secretory and supporting cells are frequently con-
nected by desmosomes (Fig. 14).

The neighboring secretory cells are connected with a junctional complex abutting
on the luminal surface. The apposed lateral surfaces of the cells are provided with
considerably well-developed intercellular interdigitations (Fig. 14).  Desmosomes
often occur in interrupted portions of the interdigitations, away from the junctional
complex in the deeper portion between adjacent secretory cells (Fig. 14). The secre-
tory cells protrude several short microvilli into the lumen.

Round nuclei of secretory cells are somewhat shifted toward the base of the cell.
Chromatin distribution and the appearance of the nucleolus resemble those in the
nuclei of supporting and olfactory cells. Considerably numerous rod-shaped and
filamentous mitochondria are distributed throughout the cytoplasm being inter-
mingled with secretory granules and extending along the long axis of'the cell. They
are somewhat larger than those of olfactory and supporting cells. Fairly well-
developed Golgi complexes are found in the supranuclear area, and occasionally a
centriole is detectable in the apical cytoplasm (Fig. 14). Electron dense bodies of
variable shapes and sizes are observed in random areas of cytoplasm; they may pro-
bably be lysosomes or lipofuscin granules.

Secretory granules differ in amount from cell to cell. It is assumed, from the
findings of the granules, that the secretory cells found in this cross section may be
in various steps of a restitution stage, that is, they may be progressively elaborat-
ing the granules to store them in the cytoplasm. The elaborated secretory granules
show a tendency to accumulate in the apical cytoplasm (Fig. 14). Secretory granules
are bounded by a limiting membrane, and their matrix is electron-lucent and loosely
fine-granular or flocculent, or occasionally loosely fine-fibrillar (Fig. 14); the texture
of the matrix is thus more or less coarse. They frequently contain a small round,
fairly electron dense core (Fig. 14). In the secretory cells shown in Figure 14, some
secretory granules contain one or several highly electron dense cores, which exhibit
a concentric lamellar structure similar to a myelin figure. As seen in Figure 14,
coalescence of secretory granules is not rare.

The cytoplasm of secretory cells is filled with smooth and rough endoplasmic
reticulum (Fig. 14). Components of smooth endoplasmic reticulum are larger in
amount than those of rough endoplasmic reticuluh, and the former are mainly
tubular. They are diffusely distributed among mitochondria and secretory granules
throughout the whole cytoplasm, but more or less conspicuous accumulations may
occur in the basal as well as apical area and in random places of the cytoplasm (Fig.
14). The cisternae of rough endoplasmic reticulum are mostly of flattened and numer-
ously attached ribosomes, usually ‘accompanied by many free ribosomes, but in oc-
cdsional sites or occasional cells, they may be more or less dilated (Fig. 14). In the
areas where they are concentrated, they tend to form stacks of elongated parallel flat-
tened sacs, exhibiting lamellar configurations (Fig. 14). The secretory cells resemble
the supporting cells of the olfactory epithelium in predominance of the smooth endo-
plasmic reticulum components over the rough endoplasmic reticulum elements.

A number of authors have tried to classify secretory cells of the olfactory gland
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Fig. 15. Cross section of the intraepithelial secretory portion of a rabbit olfactory gland.

The central lumen (SL) is surrounded by numerous cuboidal secretory cells which contain

numerous tubular elements of sER, small amounts of rER and variable numbers of secretory

granules (S) and mitochondria (M¢). The cell base facing supporting cells (SC) occasionally

protrude tongue-shaped processes (H): they contain no cell organelles except free ribosomes.

I intercellular interdigitation, Is intercellular canaliculus characterized by abundant micro-
villi, N nucleus of the secretory cells, OC perikaryon of olfactory cell. X 6,000
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into dark and light cells (Tovyopa, 1960; Frisca, 1967; Graziaper, 1972), but in the
present study, the same attempt has been made almost in vain.

A cross section of the intraepithelial secretory portion of a rabbit olfactory
gland is shown in Figure 15. Morphologically it resembles the corresponding portion
of a bat olfactory gland, except for a few minute differences: A relatively wide
central lumen is surrounded by a number of cuboidal cytoplasm-rich secretory cells
arranged in a single layer. The amount of secretory granules contained in these
secretory cells is different from cell to cell; some cells may even appear as if lacking
in granules. Luminal surfaces of the cells protrude variable numbers of microvilli
into the lumen, but cells containing large amounts of secretory granules possess a
few or even none of the microvilli. Lateral surfaces of neighboring secretory cells
exhibit weak interdigitations, and are connected by a junctional complex abutting
on the luminal surface and by desmosomes in deeper portions (Fig. 15). Short inter-
cellular canaliculi are occasionally found between the secretory cells, and their lumen
is covered by numerous slender microvilli of the bordering cells. Findings of Golgi
complex, mitochondria, lysosomes and nucleus are closely similar to those observed in
the secretory cells of the intraepithelial secretory portion of the bat olfactory gland.

The secretory granules are bounded by a limiting membrane, and the electron-
lucent matrix appears fine granular or fine fibrillar. Two kinds of granules can be
distinguished by the electron density of their matrix: fairly electron-dense granules
showing a compact matrix texture and electron-lucent granules showing a loose
matrix texture. Moreover, in both granules, a moderately electron dense round core
is often distinct. These two kinds of secretory granules may probably represent
two different stages of maturation. Coalescence of secretory granules is not uncom-
mon.

The differentiation of the dark from light secretory cells according to their
richness and poorness or lacking in the secretory granules seems to be erroneous.

As in the bat, the cytoplasm of rabbit intraepithelial grandular cells is densely
packed with numerous tubules of smooth endoplasmic reticulum and less numerous
flattened sacs of rough endoplasmic reticulum, accompanied by free ribosomes; the
lamellar patterns produced by a parallel array of elongated flattened sacs of rough
endoplasmic reticulum have not been found in rabbits.

Basal surfaces of rabbit intraepithelial secretory cells facing mainly the sup-
porting cells of the surrounding olfactory epithelium are not provided with such basal
infoldings as observed in the bat. Instead, unique bulkey tongue-shaped or bulbous
cytoplasmic processes often are protruded between the basal surface of secretory cells
and the surrounding supporting cells (Fig. 15). These cytoplasmic processes are
bounded by a limiting membrane continuous with the basal plasma membrane of the
secretory cell, and the homogeneously fine granular matrix of low electron density is
also continuous with the cytoplasm of the latter, and it contains scarcely any cell
organelles other than free ribosomes (polysomes) scattered throughout the entire
matrix. As to these bulky cytoplasmic processes observed in rabbit intraepithelial
secretory cells, further description will be given later.

A cross section of the extraepithelial secretory portion of a rabbit olfactory gland
is shown in Figure 16. This extraepithelial secretory portion has been transversely
cut in a plane passing through a deep layer of the lamina propria mucosae so as to
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show the main secretory portion of the olfactory gland. Along the basal surface of
this portion facing the connective tissue, a basement membrane has hardly been
demonstrated. Narrow glandular lumen is encircled by a number of secretory cells,
which show cytological features similar to those observed in the intraepithelial secre-
tory portion of the rabbit olfactory gland. The cells mostly contain more or less
numerous secretory granules and are thought to be in various states of the restitu-
tion stage of the secretory cycle. Secretory granules mostly appear electron-lucent,
and contain more or less electron dense cores; they show somewhat irregular contours,
not rarely exhibiting coalescence. They tend to gather in apical cytoplasm, and as
a consequence there appears a supranuclear area where numerous mitochondria
together with Golgi complexes are accumulated, while secretory granules are almost
lacking. Among these granulated cells in the restitution stage, there occur a few
cells apparently lacking in secretory granules (secretory cells in the empty stage).
The cytoplasm of the secretory cells of the extraepithelial secretory portion of
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Fig. 16. Cross section of the extraepithelial secretory portion of a rabbit olfactory gland (some-
what obliquely sectioned). Many secretory cells surrounding glandular lumen (SL) contain for the
most part numerous secretory granules (S), showing electron dense cores. Tubular components of
sER are not well-defined. From the cell base bulky tongue-shaped processes (H) are protruded into
the connective tissue. They contain no cell organelles except free ribosomes. A similar tongue-
shaped, electron-lucent process (H) is projected from the cell apex into the glandular lumen. G
Golgi complex, I intercellular interdigitation, M# mitochondria, N nuclei of secretory cells. X 6,000
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the rabbit olfactory gland is entirely filled with tubular components of smooth endo-
plasmic reticulum and less numerous elements of rough endoplasmic reticulum and
associated free ribosomes (Fig. 16). Bulky bulbous or tongue-shaped cytoplasmic
processes of low electron density occur here also, and they are projected not only
from the cell base into surrounding connective tissue but also from the apex into the
glandular lumen (Fig. 16).

Secretory cells from the extraepithelial secretory portion of the rabbit olfactory
gland are shown in Figure 17 at somewhat higher magnification. The cytoplasm of

Fig. 17. Two secretory cells from the extraepithelial secretory portion of a rabbit olfac-
tory gland. Note abundant secretory granules (S) and densely packed tubular components
of sER in between. Secretory granules contain distinct electron dense cores. From the
cell base tongue-shaped electron lucent processes (H) are sent out into connective tissue
(Cn) which contain no cell organelles except ribosomes. From the cell apex on the left
side a similar clear, tongue-shaped process protrudes into glandular lumen (SL) which con-
tains, besides ribosomes, dense rodlets (Rd). The secretory cell apex on the right side forms
a wide protuberance (P) bulging into the lumen which contains tubular components of the
sER and dense rodlets, the latter being found also in the apical areas of the cell among
the secretory granules. No distinct basement membrane is identified. In the glandular
lumen artificially extruded secretory granules and components of the sER are seen. Db
dense body, J junctional complex, M¢ mitochondria. X 8,000
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the secretory cells is filled with abundant densely distributed secretory granules so
that they are thought to be in the repletion stage of the secretory cycle. Secretory
granules bounded by limiting membrane possess finely. granular or fibrillar matrix
and, as described above, are classified into fairly dense and less dense ones according
to the matrix texture. Between the two types of granules, there are intermediate or
transitional forms. All these forms partially contain a more or less dense single round
core situated mostly eccentrically. In general, moderately dense secretory granules
show small and round profiles, while less dense ones are large and possess more or
less irregular and wavy contours. These morphological differences probably suggest
that the moderately dense granules may represent the younger or immature and the
less dense ones mature secretory granules. In the latter, the limiting' membrane
frequently appears fragmented and closely adjacent granules are often in coalescence.
Upon careful observation, it is readily confirmed that in the narrow cytoplasm sep-
arating the closely distributed secretory granules, densely packed tubules of smooth
endoplasmic reticulum intervene, while other organelles such as mitochondria and
elongated cisternae of rough endoplasmic reticulum as well as free ribosomes are for
the most part driven away into the lateral and basal area of the cell, where distri-
bution of both secretory granules and tubular components of smooth endoplasmic
reticulum becomes gradually scarce. In the apical zone of the secretory cell sub-
jacent to the luminal surface, the distribution of tubular components of smooth endo-
plasmic reticulum is also unevenly scarce.

Dense bodies (probably lysosomes or lipofuscin granules) of variable sizes are
scattered at random, and some of them exhibit a complicated internal structure.

Moderately dense secretory granules and tubular components of smooth endo-
plasmic reticulum in glandular lumen (Fig. 17) are considered to be artifacts, i.e.,
organelles artificially extruded into the lumen.

Basal surfaces of both secretory cells existing on the left and right side of Figure
17 protrude similar bulky bulbous or tongue-shaped cytoplasmic processes to those
descrived above. These basal processes projected into the connective tissue are
homogeneously fine granular and are bounded by the plasma membrane continuous
with that bordering the basal surfaces of the secretory cells. They merely contain
scattered polysomes and scanty small vesicles in the matrix. Arrangement of den-
sely packed tubular elements of smooth endoplasmic reticulum in the cell body
becomes more loosened toward constricted necks of the processes to disappear gradu-
ally before entering, beyond the neck, the interior of the processes (Fig. 17).

From the apical cytoplasm of the secretory cell, a long club- or tongue-shaped
process is protruded into the glandular lumen. Its end part expands into a bulbous
swelling, and the neck is greatly constricted. The plasma membrane of the secretory
cell extends to bind this process continuously. The almost electron-transparent matrix
is homogeneously fine granular or fine fibrillar and contains scanty polysomes and
several small vesicles as well as electron dense rodlets, being mainly distributed along
the limiting membrane. The constricted neck of the process contains, in the matrix,
a few small secretory granules and a number of dense rodlets, so that the matrix re-
sembles the apical cytoplasm, which contains these two structures in a considerable
number. Structures called “dense rodlets” may be referred to as fragments of tubular
components of smooth endoplasmic reticulum containing a dense material. They are
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bounded by a limiting membrane, and are thought to have been produced by pinching-
off or fragmentation of the tubules containing a dense material probably elaborated
within the smooth endoplasmic reticulum (Fig. 19). The identical structures are also
detectable in considerable number among secretory granules in cytoplasmic areas

i " wr P i

Fig. 18. Apical tongue-shaped process of a secretory cell protruded into the
glandular lumen (SL) of the extraepithelial secretory portion of a rabbit olfactory
gland. The electron-lucent matrix of this process contains merely scattering
ribosomes and small smooth vesicles. The cytoplasm of the secretory cell on the
left side is filled with numerous components of sER and less numerous compo-
nents of rER and sends out a wide clear protuberance (P) whose matrix resembles
that of the tongue-shaped process on the right side. J junctional complex, M¢
mitochondria, Rd dense rodlets, S secretory granules with fragmented limiting
membranes. X 16,000
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Fig. 19. Wide protuberances (P) bulging into the glandular lumen (SL) of two adjacent sec-

retory cells. The electron-lucent matrix of the protuberances contains scattering ribosomes

(polysomes) (R), loosely arranged tubular elements of sSER and smooth membrane-bound dense

rodlets (Rd) which have presumably been derived from the tubular components of sER. In

the protuberance on the right side 4 secretory granules (S) are seen whose limiting membranes

are fragmented and the granule substance apparently is flowing out into the cytoplasm. Note

the fine structural resemblance of the granule substance and the matrix of the protuberances.
J junctional complex, M¢ mitochondrion, My microvilli. X 33,000
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nearer to the apical end of the cell. The dense rodlets may probably have been trans-
ferred through the neck into the process, which resembles, in external appearance,
the apocrine process of apocrine glands found elsewhere. Separation by pinching-off
of this process into the glandular lumen seems very likely to occur.

Luminal surface of the secretory cell on the right side of Figure 17 bulges into
the lumen making a wide protuberance filled with an electron-transparent matrix or
cytoplasm, in which tubular components of smooth endoplasmic reticulum are loosely
distributed; among them electron dense rodlets are also demonstrated. Such an
electron-lucent protuberance is thought to be a cytoplasmic structure of the same

_origin and nature with the bulky processes described above, and is not rarely observed
in secretory cells of the rabbit olfactory gland.

In Figure 18, a tongue-shaped cytoplasmic precess is shown, protruding from the
apical end of a secretory cell into the glandular lumen. Its slightly constricted neck
is connected by junctional complexes with neighboring secretory cells. The limit-
ing membrane is distinct, and polysomes and scanty vesicles are scattered in the
electron-lucent matrix.

Figure 19 shows two wide protuberances bulging into the glandular lumen from
luminal surfaces of two adjacent secretory cells. Free surfaces facing the glandular
lumen are almost lacking in microvilli except the short lateral surfaces reflected to-
ward the junctional complex, where many long microvilli are preserved. In the
electron-lucent matrix or cytoplasm, free polysomes and electron dense rodlets are
randomly scattered besides tubular elements of smooth endoplasmic reticulum, and
in the protuberance on the right side, four secretory granules are present just beneath
the plasma membrane limiting the protuberance. In these secretory granules, limit-
ing membranes are fragmented, and through these discontinuities, their contents have
flowed into the surrounding cytoplasm or matrix of the protuberance; fine granular
or fibrillar contents of the secretory granules seem to invade the matrix and they
seem to contribute principally to the formation of the protuberance. The content of
secretory granules and the matrix of the protuberance are similar to each other in
ultrastructural appearance, and they further resemble the secretion material within
the glandular lumen.

As described above, secretory granules usually tend to accumulate in the apical
area of the secretory cell, and some of them are often found just beneath plasma
membraine lining the apical or luminal surface (Fig. 14, 15, 18). However, figures
suggestive of the discharge of secretory granules by means of emiocytotic mechanism
have scarcely been confirmed in spite of careful observation. Furthermore, two
mechanisms of discharge of secretion material other than emiocytosis may be expected
especially in the rabbit olfactory gland; they are the diacrine and apocrine mechanism.
Cytological findings in favor of diacrine mechanisin are as follows: Contents of sec-
retory granules, as described above, permeate through the fragmented limiting mem-
brane into the apical cytoplasm and may be discharged into the glandular lumen by
diffusion through the apical plasma membrane. The cortents of secretory granules
and secretion material within the glandular lumen appear closely alike. The permea-
tion of secretory granule content into cytoplasm can not be confined to the apical area
of secretory cells, since fragmentation of the limiting membrane of secretory granules
is observed at random areas of secretory cells. Permeated secretory material may
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perhaps flow toward the apical area.
The apocrine mechanism is supported
by the frequent occurrence of bulky
tongue-shaped processes protruded
into the glandular lumen, which how-
ever, do not contain secretory gran-
ules. The mode of formation of the
tongue-shaped process may be ex-
plained as follows: Contents of secre-
tory granules filtrate the cytoplasm
and make at first a protuberance to-
ward the glandular lumen, which then
is projected far into the lumen probab-
ly in consequence of further increase
of material from secretory granules
infiltrating the cytoplasm.

Similar basal processes projected
into the surrounding olfactory epithe-
lium or connective tissue may be
formed probably by the same mecha-
nism as in the case of apical processes.
The fate and significance of basal
tongue-shaped processes are unknown
in constrast to the apical ones, which

are thought to be pinched off into Fig.20. Basal tongue-shaped processes of secretory
glandular lumen by an apocrine pro- cells protruded toward the connective tissue. They

are bounded by a limiting membrane continuous with
cess. Electron-lucent homogeneously the plasma membrane of the cell base and their mat-
fine granular or fibrillar matrices of rix of low electron density contains merely free ribo-

both apical and basal processes are somes (R) (polysomes) and small smooth vesicles (V).

almost identical, containing consider- Components of sER disappear at the neck of the pro-
bl s of i) d cess and so-called dense rodlets can not be found in
able amounts oI polysomes an scanty the basal processes. X 27,000

smooth vesicles as shown in Figures

16, 17 and 20. The only difference between both processes consists in that the former
contains, besides polysomes and vesicles, the so-called dense rodlets as mentioned
above, which are completely lacking in the latter.

The relation between Golgi complex and the formation of secretory granules has
been examined in the bat (Fig. 21) and rabbit olfactory gland (Fig. 22), and in both
animals similar findings have been obtained.

In both species several Golgi complexes of secretory cells are distributed in supra-
and paranuclear regions of cytoplasm. Each Golgi complex consists of a stack of 4-5
short flattened cisternae closely arranged in parallel (Golgi lamellae) and many vesi-
cles distributed around the lamellae. Vacuoles of variable sizes are observed in a small
number in the Golgi area. Vesicles attaching ta flattened sacs of the Golgi lamellae
are frequently observed (Fig. 21, 22). This suggests the possibility that vesicles,
probably derived from components of smooth and/or rough endoplasmic reticulum,
may transfer secretory substances produced in them together with membranes to the
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Golgi complex (transfer vesicles). In both species, among Golgi vesicles, a considera-
ble number of so-called coated vesicles are detected (Fig. 21, 22), being often attached
to one end of the Golgi cisternae. Moreover, along the lateral and basal cell surfaces,
coated invaginations of plasma membrane and coated pinocytotic vesicles are occa-
sionally observed, and this together with the above evidence suggests that certain
substances (probably macromolecules) may be ingested by micropinocytosis from the
extracellular space into the cytoplasm and transferred by coated vesicles to the Golgi
complex. Golgi vacuoles are thought to originate from expanded portions of Golgi

Fig. 21. Golgi complexes (G) in the vicinty of the nucleus of a secretory cell from the extra-
epithelial secretory portion of a bat olfactory gland. Golgi complexes are composed of stacks
of 4-5 short flattened cisternae, a small number of vacuoles (condensing vacuoles) (C») and
many small vesicles among which several larger coated vesicles (Sv) are intermingled. In flat-
tened Golgi cisternae expanded portions (arrows) are frequently observed from which may arise
Golgi vacuoles (condensing vacuoles). The latter will be transformed into small immature sec-
retory granules (S;). Golgi vesicles and coated vesicles are found frequently adhering to one
end of the Golgi cisternae. I intercellular interdigitation, Mi microtubules, M¢? mitochondria,
R ribosomes, S secretory granules. X 35,000
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cisternae, which are frequently encountered in Golgi complexes of both bat and rabbit
olfactory glandular cells, and they contain, like expanded portions of the Golgi cis-
ternae, a small amount of a fine fibrillar material (Fig. 21, 22). Concomitant with the
growth of the vacuole, the fibrillar material increases in amount, and appears more
condensed (condensing vacuole). Assumedly these condensing vacuoles may gradual-
ly turn into small immature secretory granules as the consequence of growth and in-
crease of the content (Fig. 21, 22). The condensing vacuoles and the small immature
secretory granules are found side by side near Golgi complexes, and distinction be-
tween them is often difficult.

On the basis of the above findings, it can be concluded that secretory granules of

Fig. 22. Golgi complexes (G) in the vicinity of the nucleus (N) of a secretory cell from the
extraepithelial secretory portion of a rabbit olfactory gland. For explanation see the legend for
Figure 21. Cv Golgi vacuoles (condensing vacuoles), I intercellular interdigitation, M? mito-
chondria, R ribosomes, Rd dense rodlets, S secretory granule, SI small immature secretory gran-
ules, Sv coated vesicles, T tonofilaments. Arrows indicate expanded portions of the Golgi cis-
ternae and their transitional stages to the Golgi vacuoles. X 34,000
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olfactory glandular cells must be formed in the Golgi complex, that it secretory mate-
rials transferred by vesicles to the Golgi complex are packaged by the Golgi mem-
brane into membrane-bound secretory granules. But the question of the production
site of the secretory material can not be answered, in spite of strong probabilities that
smooth endoplasmic reticulum or rough endoplasmic reticulum or both of them may
be responsible.

Nor has it ultimately been decided whether olfactory gland may be serous or
mucous, although Tovopa (1960) has claimed that in many examined mammalian
species it was proved to be mucous. In this study, the olfactory gland in bat and
rabbit olfactory mucosa has been histochemically examined; thick sections of Epon-
embedded specimens were stained with toluidine blue for light microscopy, and it
was revealed that szcretory granules accumulated in the luminal cytoplasm of olfac-
tory glandular cells were metachromatically stained reddish-purple. Further speci-
mens were fixed in 109 formalin or Zenker-formalin and paraffin sections were treated
with PAS, Bauer’s method and alcian blue for mucus staining. In these mucus stain-
ings, secretory granules in olfactory grandular cells and the mucous film covering the
olfactory epithelium both reacted positively. As observed in the electron microscope,
secretory granules in the bat and rabbit olfactory gland are very similar to each other
in their fine structural findings; their matrix is alike of low electron density consist-
ing of fine fibrillar or granular material loosely distributed in the matrix so that it
shows a relatively coarse texture. It frequently contains, in the interior, a moderately
dense core with a roughly round pro- '
file. These histochemical and fine
structural characteristics of secre-
tory granules may probably offer re-
liable and powerful evidence for the
solution of the problem whether the
olfactory gland should belong to the
mucous or serous type, and indeed
in favor of the former. Finally, the
ruthenium red staining test, devised
and recommended by LurT (1971) for
mucus staining, has been applied in
this study to the secretory portion of
the bat olfactory gland, and a posi-
tive result was obtained. Thus
ruthenium red stainable secretory -
material discharged from secretory
cells was electron-microscopically «
demonstrated in glandular lumen of =

the olfactory gland (Fig. 23). Fig. 23. Ruthenium red staining (LurT, 1971) of bat ol-
factory gland. Secretion material in glanduiar lumen
shows a positive reaction. Microvilli of secretory cells
(GC) appear as electron lucent, finger-shaped processes
In this study, olfactory mucosae within positively reacted electron dense secretion mate-

of wild bats, Rhinolophus ferrum rial. % 8,300
equinum nippon and of domestic albino rabbits have been electron microscopically

Discussion

L]
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investigated. The olfactory mucosae including olfactory epithelium and olfactory
gland of these mammalian species, especially of the bat have remained scarcely stud-
ied with the electron microscope. Inbat and rabbit olfactory epithelium, 4 cell types
have been classified: olfactory cell, supporting cell, basal cell and interstitial or inter-
calated cell, the last being the newly identified cell type in the present study. The
following paragraphs will discuss one by one these cell types together with the olfac-
tory gland. Olfactory epithelium represents, as widely accepted (Graziapgr, 1972), a
typical pseudostratified columnar epithelium; main component cells——supporting
and olfactory cells—are tall columnar, and their lateral surfaces are apposed paral-
lel, being separated by a narrow intercellular space about 200 A across; and lining
plasma membranes do not make any intercellular interdigitations, but intercellular
space becomes wider and complicated in the basal part between foot processes of sup-
porting cells and basal cells. Adjacent supporting cells themselves, or these and olfac-
tory cells or, occasionally adjacent olfactory cells themselves are connected by a junc-
tional complex abutting on the free surface of the olfactory epithelium, but desmo-
somes can additionally appear at random places away from junctional complexes
throughout the entire height of the epithelium. The foot process of the supporting
cell as well as the basal surface of the basal cell are connected by means of many
hemidesmosomes to the basement membrane of the olfactory epithelium. These
junctional specializations have remained for a long time without receiving any special
attention of investigators, aithough they have been wellknown in the dermoepidermal
junction and the junction between stratified squamous epithelium of the esophagus
and underlying lamina propria mucosae (ITo and Isuir, 1970).

The so-called mucous film or layer about 10-40 ¢ thick (GrAZIADEI, 1972) covering
the free surface of olfactory epithelium has been described by almost all authors who
have dealt with the olfactory epithelium, and some authors divided it into 3 layers
(ANDRES, 1969). It contains all structures protruded from olfactory cells and support-
ing cells, namely, olfactory vesicles, olfactory cilia and abundant microvilli are em-
bedded in the substance of the mucous film, constituting a complex meshwork.
Chemical substances which stimulate olfactory epithelium to establish olfactory sense
must be dissolved and permeate first into this mucous film. In bats and rabbits, as
in other mammalian species, secretory substance discharged. from olfactory glands
may participate mainly in the formation of the mucous film.

Supporting cell

Presence of complicated and irregularly-shaped long microvilli protruding into
the mucous film is one of the important morphological characteristics of supporting
cells of mammalian species, although, according to the review of Graziaper (1972),
their development and morphological features vary depending on animal species and
functional conditions. Both bat and rabbit supporting cells bear numerous slender
irregularly-shaped, partially branched microvilli of considerable length, extending
into mucous film, and light microscopically observed as brush border. In electron
microscopic study on olfactory epithelium, no authors except ANDRES (1969) have dis-
cussed whether microvilli of the supporting cell are provided with axial filaments or
not. The present author, however, has proved their complete absence in bat and
rabbit in agreement with ANDRES.
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One of the important findings in the present study concerns the unique and deli-
cate bubble-like or polypoid or drumstick-shaped processes which are protruded from
the outer leaflet of the plasma membrane bounding the microvilli and free surface of
supporting cells. These delicate processes are constricted at their basal part, while
the apical ends form a vesicular swelling, measuring approximately 300 A in diameter.
They are limited by a very thin membrane quite different from plasma membrane
with trilaminal structure. In both bat and rabbit, these fine processes have been re-
veald in a great number along the free surface of supporting cells including micro-
villi, though somewhat less in rabbits. These unique processes have not been noticed
by any investigators engaged in the electron microscopic studies of the olfactory epi-
thelium. Recently Kratzine (1972) has observed similar fine processes which are
protruded from the plasma membrane, limiting the basal part of olfactory cilia and
adjacent elevated areas, which have been induced by underlying basal bodies. These
numerous fine processes, protruding from the restricted portion of olfactory vesicle,
were called by her “setulae or bristles”; they measured, according to her, about 200 A
in length, and were arranged in 9 rows coinciding with the 9 peripheral tubules of
the basal body and cilium. She could reveal, however, no comparable structures on
the surface of supporting cells or their microvilli. Concerning the functional signi-
ficance of these fine processes, she described that the additional area of cell membrane
obtained in each cilium by the presence of many fine extensions around the cilium
base would add significantly to the surface of the receptor cell and thus to the sites
available for contact with odorous substances. It can readily be expected that deli-
cate bubble-like processes found in the surface of supporting cells and their micro-
villi might contribute also to the extension of the surface area of supporting cells which
facing the mucous film. On the other hand, however, it can be presumed that they
may possibly indicate the discharge of some unknown substance into the mucous
film by a mechanism like the microapocrine process proposed by Kurosumi (1961),
because bubble-like processes are supposed to be liberated by pinching off at the con-
stricted basal portion into the mucous film.

The second conspicuous cytological feature of bat and rabbit supporting cells is
the richness in smooth endoplasmic reticulum; tubular components of the reticulum
are distributed throughout the entire cytoplasm, but especially in supranuclear and
apical cytoplasm beneath the terminal web, abundant tubular profiles are aligned
mainly along the lateral surface of the cell, making dense parallel arrays of consider-
able thickness; in the central area, they are arranged chiefly in a loose network. In
contrast to the richness in smooth endoplasmic reticulum, organized elements of rough
endoplasmic reticulum and free ribosomes are not so numerous in either bat or rabbit
supporting cells. The richness in smooth and rough endoplasmic reticula in support-
ing cells has been noticed by authors who have been engaged in the electron micro-
scopic study of olfactory epithelium (FriscH, 1967; GraziADEL, 1972 etc.) with or without
regard to the secretory function of supporting cells.

On the basis of cytological evidence obtained by several authors, it can be con-
cluded that in lower vertebrates, the supporting cell has a secretory function (BLoow,
1954 in toad and frog; PorTER and BoNNEVILLE, 1964 in toad; BRONSHTEIN and Ivanov,
1965 in lamprey; REESE, 1965 in frog; WEesoLowskl, 1967 in turkey; GrRaziaDEL, 1972 in

| box turtle; Okano and Taxkacy, 1974 in bullfrog etc.). In mammalian species, the
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secretory function of supporting cells has not generally been confirmed by any inves-
tigators except FriscH (1967), who electron microscopically studied the olfactory epi-
thelium and Bowman’s gland in mouse, thus revealing the presence of a few secretory
granules in supporting cells. In these cells, he observed stacked membranes of smooth
endoplasmic reticulum.

In this study, any cytological findings indicating the secretory activity of sup-
porting cells have- never been demonstrated either in bat or rabbit supporting cells.
In spite of the richness in smooth endoplasmic reticulum and considerable amounts
of organized elements of rough endoplasmic reticulum cytological signs of production
of secretory granules have completely been missed; also in supranuclear Golgi com-
plexes, sequences of formation of secretory granules have not been confirmed.

Besides the endoplasmic reticulum, free ribosomes and Golgi complexes, other
cell organelles such as mitochondria, centriole, multivesicular bodies, microtubules,
tonofilaments and dense bodies (probably lysosomes) have been revealed in support-
ing cells of both bat and rabbit. Especially many mitochondria are concentrated in
apical and supranuclear regions, and they are surrounded by basket-like configura-
tions of tubular profiles of smooth endoplasmic reticulum, as pointed out by Frisca
(1967) in mouse supporting cells.

FriscH (1967) demonstrated, in both supporting cells and dark secretory cells of
mouse Bowman’s gland, “whorl system” composed of concentrically arranged mem-
branes of smooth endoplasmic reticulum. In bat and rabbit supporting cells, these
whorl-like lamellar configurations have been observed both in supra- and infranuclear
areas, while in secretory cells of the olfactory gland of both species, which are alike
rich in tubular elements of smooth endoplasmic reticulum, and, which, in contrast to
the supporting cell, are provided with an intensive secretory activity as discussed
below, these whorl-like organizations of smooth membranes have not been demon-
strated. From these findings it has beeri supposed that in secretory inactive support-
ing cells of bat and rabbit olfactory epithelium, abundant components of smooth endo-
plasmic reticulum may have become unnecessary, consequently turning into whorl
systems in restricted areas. Concerning phylogenetic alteration of the supporting
cell, it can reasonably be assumed that in vertebrates, these cells may have initially
carried out a secretory function under participation of the endoplasmic reticulum,
especially of the smooth one, but that with advance in the development, the secretory
function may have disappeared on account of unknown reasons, leaving abundant
components of the endoplasmic reticulum without any functional roles.

Bat and rabbit supporting cells are further characterized by the presence of con-
siderably numerous dense bodies of variable sizes—assumedly lysosomes. In both
vertebrate species, they are more numerous in supporting cells than in olfactory, basal
and secretory cells of the olfactory gland, and the majority of them are usually de-
tected in the infranuclear portion and foot processes. These dense bodies have for
the most part a heterogeneous internal structure, suggesting that they may be lipofus-
cin granules. A

Light and electron microscopical basis for a faint yellow to brown color exhibited
by vertebrate olfactory mucosa has been argued recently by Graziaper (1972) in his
review on vertebrate olfactory mucosa. As the consequence of his electron micro-
scopic study on mouse olfactory mucosa, Frisca (1967) expressed the opinion that
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extensive smooth and rough membranous systems and secretory products of both sup-
porting cells and Bowman’s gland cells indicate a high lipid content that may well be
expected to give a yellowish fint to these cells and thus to the entire mucosa. The
presence of a large amount of lipofuscin pigment in infranuclear and basal portions
of supporting cells might essentially be responsible for yellow coloring of olfactory
mucosa, although the present study has also revealed the occurrence of similar dense
bodies, probably lipofuscin granules, in variable but smaller numbers in olfactory cell
perikarya and olfactory glandular cells, indicating their byplay in yellow coloring.
There are, however, no definite grounds on which the opinion of Friscu (1967) may
reasonably be opposed.

The most important and essential role of supporting cells in the physiology of the
establishment of olfaction may probably consist in that they may serve as insulators
between neighboring olfactory cells or neurons. As clearly shown in cross sections
of the olfactory epithelium, olfactory cells appeared as if they were embedded among
cytoplasmic masses of supporting cells, being separated from one another by support-
ing cell cytoplasm except on rare occasions, on which olfactory cells are contiguous
to each other. It may be a noteworthy evidence that between contiguous supporting
cells themselves and between these and olfactory cells there are close parallel apposi-
tions of plasma membranes separated by an intervenig intercellular space about 200 A
across. Intercellular interdigitations of apposed plasma membranes have not been
revealed anywhere between epithelial cells of bat and rabbit olfactory epithelium.
Here it is a question whether excitations of olfactory cells can be transmitted to the
contiguous supporting cells through these apposed plasma membranes with an inter-
vening 200 A wide space in between.

Olfactory cell

Olfactory cells are considered to be olfactory receptors or sensory cells, and are
taken for bipolar neurons within the olfactory epithelium, belonging to a typical pseu-
dostratified columnar epithelium. Their perikarya, which contain round nuclei, are
situated in a wide range between nuclei of supporting and basal cells. A distal slender
process protruding from perikaryon toward the free surface of the olfactory epithelium
is referred to as dendrite, and the proximal one descending toward the basal surface
of the epithelium as neurite, which is thought to extend without ramification through
the underlying connective tissue layer until arriving at the olfactory bulb of the cen-
tral nervous system. .

Dendrites extend beyond the free surface of the olfactory epithelium, terminating
within mucous film and making a swelling called the olfactory vesicle, which is, in
- bat and rabbit, a conspicuous spherical or oval swelling measuring approximately
1-2pin diameter. The author of this paper proposes to use the name “dendritic bulb”
in place of “olfactory vesicle,” because the latter seems to remind us readily of struc-
tures of much smaller orders. The constricted proximal portion of the dendritic bulb,
called “neck” is connected side by side with the distal end of neighboring supporting
cells or occasionally with the neck of a contiguous olfactory cell by means of a junc-
tional complex. Direct contacts between olfactory cells at the level of the dendrite
seems to be not so rare in bat and rabbit as recently discussed by Graziaper (1972).

The spherical or oval dendritic bulb (olfactory vesicle) contains, within the cyto-
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plasm, basal bodies of olfactory cilia, microtubules, smooth membrane-bound vesicles
and scanty mitochondria. Microvilli which were observed by several authors in the
olfactory vesicles of some vertebrate species (BANNISTER 1965, 1668; ANDRES, 1969;
GRAZIADEL 1972 etc.) have not been detected in bat and rabbit. The basal bodies and
olfactory cilia have attracted the special attention of investigators engaged in the
electron microscopic study of the olfactory epithelium in a variety of vertebrate
species. The reason why olfactory neurons possess such a dilation as an olfactory
vesicle (dendritic bulb) at the distal end of dendrities beyond the level of the epithe-
lial surface may consist in that the olfactory neuron may be able to bear on the distal
end of the slender dendrite numerous olfactory cilia extending toward all directions
within the mucous film. According to Graziape1 (1972), the number of olfactory cilia
originating from one olfactory vesicle varies in different receptors of the same species
and from species to species, but the usual ciliary number varies in the range of 10-15
per receptor. The number of cilia naturally corresponds to that of basal bodies. In
the bat and rabbit olfactory receptor, numbers of basal bodies contained in several
sections of dendritic bulbs were counted by the author, and the results gave the num-
ber per each olfactory receptor ranging between 20-30. This is far smaller than
100-150 per receptor in the dog, as estimated by Okano et al. (1967).

As reviewed by Graziaper (1972), olfactory cilia (hairlets) have been electron
microscopically investigated in a variety of vertebrates by many authors such as
Broom (1954), BRETTSCHNEIDER (1958), YasuTakE (1959), De Lorenzo (1960), REESE
(1965), Yamamoro et al. (1965), Anpres (1969) and others. As pointed out by FriscH
(1964a, b, 1965, 1967), Reese (1965), Okano et al. (1967), the proximal thick portion
(segment) of olfactory cilia tapers away in a long thin extension, which shows dila-
tions along its long course. These two characteristics of olfactory cilia have also been
confirmed in the present study; the proximal thick portion about 1 long is as'thick
as ordinary non-sensory motile cilia, and contains a set of 9+2 fibrils (tubules), while
in the following long distal thin portion, the 9 peripheral doublet fibrils (tubules) and
the 2 central fibrils (tubules) can not be distingished, only a few single tubules being
scattered randomly in the matrix. In spindle-shaped dilations (swellings), a few
single tubules are found along the plasma membrane and a few vesicles in the interior
of the matrix. The question whether a terminal dilation as observed by Oxano (1965)
in the dog olfactory cilium is also present in bat and rabbit has not been answered.

As is widely accepted, peripheral doublet tubules or fibrils extend continuously
through the neck (original region) of the proximal thick portion to the electron dense
wall or shell of the basal body, while 2 central tubules do not reach the basal body,
disappearing before entering into the neck, although OkaNo (1965) described in his
study of dog olfactory cilia that central tubules entered into the neck or original re-
gion of thick portion of cilium, though missing partially. He also observed, in cross
sections of the original region (neck) of the thick portion, Y-figured linear densities
which connected 9 peripheral doublets and the plasma membrane of the cilium, bifur-
cating into two branches before attachment to the latter. Similar electron dense con-
figurations (radial arms or bridges; REEsE, 1965) have been frequently identified in
cross sections of proximal thick portions of bat and rabbit olfactory cilia. Inordinary
non-sensory motile cilia, these linear Y-shaped configurations are thought to be
confined, as OxaNo (1965) described, to the neck (original region) of the ciliary shaft
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(Iro and Ismi, 1970), while in.bat and rabbit olfactory cilia they are frequently ob-
served not only in cross sections of the neck but also in those of the thick portion
containing two central tubules. These configurations thus seem not to be restricted,
in these species, to the neck but to be distributed more widely in the proximal thick
portion of olfactory cilia.

Basal bodies of bat and rabbit olfactory cilia show the same fine structures as ob-
served in ordinary motile cilia, and in olfactory cilia of other vertebrate species
(Graz1aDEL 1972). In bats and rabbits, basal bodies are associated with 3 types of ac-
cessory structures or appendages——9 spokes, basal foot and rootlet.

Nine electron dense filaments arise from the distal ends of the 9 triplet tubules
of the basal body in ordinary, non-sensory motile cilia to attach, by their somewhat
thickened but finally pointed distal end, to the plasma membrane of the free cell sur-
face. This filamentous apparatus is designated as a spoke (Frock and DuvaLr, 1965)
or transitional fiber (GiBBons, 1967; UEKI, 1967). Nine spokes show a pinwheel-like
configuration in a cross section of the distal end of the basal body. A similar struc-
ture of 9 spokes, emanating radially from each triplet has been demonstrated in basal
bodies of bat and rabbit olfactory cilia. Oxano (1965) and OkANoO et al. (1967) have
demonstrated identical pinwheel-like configurations in transverse sections of basal
bodies of canine olfactory cilia, and they regarded them, perhaps erroneously, as basal
feet. GraziapEI (1972) pointed out in his review on olfactory mucosa that basal feet,
when multiple, did not exhibit symmetry. BaNNisTER (1965) revealed, in an electron
microscopic study on the teleostean olfactory surface, the simultaneous occurrence of
a usual conical basal foot and the pinwheel-like configuration probably of the spokes
in a one and the same cross section of a basal body (see Figure 11 in this paper).
Rerse (1965) observed, in the basal bodies of the frog olfactory cilia, conical basal
feet and pinwheel configurations of transitional fibers (spokes), and he showed them
in several electron micrographs.

In basal bodies of ordinary, non-sensory motile cilia, the basal foot (satellite) has
been observed by many investigators (ITo and Ismi, 1970). According to them, the
basal foot is a conical process standing with its basis on the lateral surface of the basal

“body and extending at about right angles to its long axis toward a definite direction.
Most investigators have reported the existence of cross striations similar to those
found in the rootlet of the basal body. According to the review of Graziaper (1972),
in most vertebrate species, each basal body has one or more basal feet, but in some,
e.g. mouse (Frisch, 1967), they seem to be absent, although he has confirmed their pres-
ence in one specimen. BANNISTER (1965), REESE (1965) and FarBMAN and GESTELAND
(1974) have observed basal bodies of olfactory cells in teleostean fish, frog and mud
puppy, and they confirmed the occurrence of a cross-striated basal foot pointing to-
ward the center of the ciliated tip or olfactory vesicle of the olfactory cell. In bat
and rabbit olfactory cells, basal bodies usually bear one or occasionally two conical
basal feet, composed of fine filaments and exhibiting cross striations similar to those
of rootlets. Their somewhat tapered end parts are usually oriented toward the center
of the dendritic bulb (olfactory vesicle). In these respects the basal foot of the basal
body of mammalian olfactory cilia morphologically agree with that in lower verte-
brates. If the direction pointed by the tapered end of the conical basal foot, as proposed
by some investigators (ITo and Isun, 1970), indicates the direction of ciliary beat,



Electron Micrbscopic Study of Olfactory Mucosa 401

much more detailed studies on it may be necessary in a variety of vertebrate species.

As summarized by Graziaper (1972), the rootlet is not a constant appendage of
the basal bodies of olfactory cilia; it is very long in birds and reptiles (GRAZIADEI, 1972),
and short in frogs and dogs (REESE, 1965; OkaNoO et al., 1967). More recently, FARBMEN
and GesTELAND (1974) could not reveal ciliary rootlets in the olfactory cells of the mud
puppy, while ANprEs (1969) demonstrated relatively long rootlet fibers in cat olfactory
cilia.

In bat and rabbit olfactory receptors, the rootlet is not a constant structure; it is
rather a rare appendage. It is a slender fiber, measuring about 1.2 in length and
composed of a bundle of fine filaments. Arising from-the proximal end of the basal
body, it extends toward the neck of the olfactory vesicle (dendritic bulb), tapering
toward its proximal end exhibiting cross striations at about 7 00A intervals. In these
fine structural respects, the present findings of the rootlet agree with the observations
by OkaNo et al. (1967) and Anpres (1969) in canine and cat olfactory cells, respective-
ly. Rootlet fibers as revealed by Reesk (1965) in frog olfactory vesicles, however,
showed no cross striations. In tracheal ciliated cells of some mammals, a striated
rootlet is a constant appendage of all basal bodies, while it is cempletely missed in
others (ITo and Isui, 1970). On account of this, some investigators have attributed
an unessential functional significance to it such as a mechanical support of the basal
body.

According to Reese (1965), olfactory cilia of the frog olfactory cell differ from
typical motile cilia in that they have centrioles near their basal bodies which are pro-
vided with one basal foot. ANDRes (1969) occasionally observed in the proximal part
of cat olfactory vesicles a few centrioles which did not send out cilia. Such independ-
ent centrioles are not verified in bat and rabbit dendritic bulbs, but it seems necessary
to examine as many dendritic bulbs as possible to verify their existence.

Main organelles of the dendrite and the neurite (axon) of olfactory cells are, as
observed by many investigators in several vertebrates, longitudinally oriented micro-
tubules (neurotubules) and mitochondria. Other organelles found in the perikaryon,
e.g. Golgi complex, Niss! substance, dense bodies (probably lipofuscin granules) and
large multivesicular bodies, are few in both processes.

Almiost all investigators engaged in electron microscopic studies on the olfactory
receptors in various vertebrate species have not revealed the presence of neurofila-
ments either in dendrite or in neurite (SeirerT and ULk, 1967; Okano et al., 1967;
Frisch, 1967; GrRaziaDErl, 1972). Nor is it verified in bat and rabbit olfactory cells. In
this respect, bipolar neurons of olfactory epithelium are thought to differ from ordinary
neurons.

Longitudinally oriented microtubules (neurotubules) in the dendrite extend into
the dendritic bulb, where their round or elongated profiles are concentrated near the
basal bodies. However, direct connections between neurotubules and basal bodies or
basal feet as observed by BannisTER (1965) in teleostean fish olfactory cells have not
been ascertained.

Cytological differences between dendrite and neurite in bat and rabbit olfactory
cells consist of the following three points: First, the dendrite, except the dendritic
bulb, contains more numerous mitochondria elongated longitudinally; and second,
Nissl substance consisting of rough endoplasmic reticulum and free ribosomes is
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demonstrated neither in dendrite nor in axon, but sparse free ribosomes are detected
only in the dendrite, gradually increasing in amount toward the zone transitional to
the perikaryon. The third difference concerns the occurrence of “large dense-cored
vesicles” exclusively in the axon. These dense-cored vesicles measuring approxi-
mately 750-1,000 A in diameter have been for the first time demonstrated by the
present author in the perikaryon and axon of bat and rabbit olfactory cells, and are
assumed to have been elaborated by the Golgi complex in the perikaryon, to be dis-
charged into the axon and transferred by means of axon flow toward the synaptic
terminals in the olfactory bulb (bulbus olfactorius). Recently Kupo (1971) reported
the large dense cored vesicles in his electron microscopic study on the autonomic
ganglion in the chicken pancreas and attempted a detailed discussion on this subject.
Dendrites, however, are free of the vesicles in question.

Nissl substance confined to perikaryons of bat and rabbit olfactory neurons shows
characteristic fine structural features as observed in ordinary neurons (AKIYAMA,
1960; ExnoLm and Hypen, 1965; Kupo, 1971; Ona, 1974); it consists of as is widely
known, flattened cisternae of rough endoplasmic reticulum and free ribosomes (poly-
somes), but the amount of ribosomes attached to membranes of endoplasmic reticulum
is relatively small in contrast to the large amount of free ribosomes distributed
among the flattened cisternae of rough endoplasmic reticulum, which frequently
show the so-called lamellar patterns.

These fine-structural features shown by olfactory cells (recepsors) seem to be
favorable for the assumption that they may be neurons situated within the olfactory

epithelium.

Basal cell

As revealed by the present and other studies, the most common morphological
features of basal cells are the following two: they have many attenuated cytoplasmic
processes extended in variable directions, especially toward the basement membrane
(FriscH, 1967; FarBMEN and GESTELAND, 1974); and their processes and cell body
embrace bundles of axons of the olfactory cells. Conspicuous cytological character-
istics of basal cells, clarified in the present study, are that they contain abundant free
ribosomes, some of which form polysomes, being distributed in the relatively narrow
cytoplasmic layer around a relatively large nucleus and in cytoplasmic processes.
In contrast to abundant free ribosomes, cisternae of rough endoplasmic reticulum
are sparse. The same cytological features of basal cells have been pointed out by
SerrerT and ULk (1967), who, in accordance with Ruopin (1963), Graziapel (1972) and
the present author, have considered basal cells as undifferentiated elements in the
olfactory epithelium. However, an unfavorable evidence against this opinion has
been gained by YamamoTo et al. (1965) Friscu (1967) and Graziapet (1972), who have
demonstrated in basal cells tonofilaments, which occasionally made prominent bun-
dles. The present study demonstrated in some basal cells well-developed tonofila-
ments which gathered into bundles, extending in random directions and ramifying
in simple fashion, but in others they were almost lacking. These basal cells lacking
in tonofilament are thought to correspond to undifferentiated cells present in the
olfactory epithelium. While SeiFerT and ULE (1967) have frequently observed mitosis
in the basal cell layer, this has not been confirmed in the present study.
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Interstitial or intercalated cell

The present study has revealed a number of irregular-shaped cells with pale
cytoplasm surrounding a relatively large nucleus of pale appearance due to poor
chromatin content; they are found in bat olfactory epithelium among olfactory and
supporting cells. These cells reach neither the luminal nor the basal surface of the
olfactory epithelium, and their location is confined to the region between perikaryons
of olfactory cells and the basal cell layer. On the basis of this location, they are
called “interstitial” or “intercalated cells.” The cells are characterized by abundant
free ribosomes in contrast to scanty cisternae of the rough endoplasmic reticulum.
Aside from such organelles, the cells contain a small Golgi complex in the supra-
nuclear area and short mitochondria randomly scattered in the cytoplasm. From
these cytological characteristics, it has been concluded that these cells must be undif-
ferentiated cells in the olfactory epithelium. In the present study two mitotic fig-
ures, certainly of these cells, have been demonstrated. It is therefore reasonably
-assumed that intercalated cells may be probably arise from undifferentiated basal
cells which may have preexisted in the olfactory epithelium having passed through
mitotic divisions.

Stem cells of differentiated supporting and/or olfactory cells have been supposed
by several investigators; they have been termed by various names such as forth
type cells (OkaNo, 1965; OkaNo et al. 1967), blestema cells (ANDRES, 1966), undifferen-
tiated basal cells (SeiFerT and ULE, 1967), fifth type cells (ANDRES, 1969), basal cells or
stem elements (GrazIADEI and METCALF, 1970, 1971), staminal cells (GRAziADAT 1972).
They are mostly present in the basal cell layer of the olfactory epithelium, but fourth
type cells of Okano (1965) and fifth type cells of ANDREs (1969) are thought to be some-
what differentiated cells found in canine and cat olfactory epithelium, respectively,
because their free apical ends provided with less numerous short microvilli extend up
to the free surface of the olfactory epithelium. Oxrano and Okano et al. have con-
sidered the fourth type cells to be the precursors or juvenile forms of supporting cells.
AnDREs (1969) has not only confirmed occurrence of the fourth type cells, but also
found fifth type cells in cat olfactory epithelium, whose cell bodies contain nuclei
among the perikarya of the olfactory cells. Their thin distal process reaches the
free surface of the olfactory epithelium and is provided with straight stiff microvilli
containing long axial filaments in contrast to those of supporting cells and fourth
type cells. He has paid attention to the fact that these cells occur most frequently
in the border region of the olfactory epithelium. Although ANDRES (1969) has com-
pared the fifth type cells with particular receptor-type cells which are provided with
microvilli such as identified by BannisTer (1965) in fish olfactory mucosa, they have
many ultrastructural resemblances to the so-called “brush cells” found in the ciliated
tracheal epithelium of rat, rabbit and man (RuopiN and Darmamn, 1954, 1956;
BRETTSCHNEIDER, 1958; RuODIN 1966; KOoNRADOVA, 1966; MEYRICK and REip, 1968 etc.).
Interstitial or intercalated cells proposed by the present auther are thought to be more
undifferentiated cells, because they extend neither to the apical surface nor to the
basal surface of the olfactory epithelium, and the question whether they would differ-
entiate into receptor cells or into supporting cells is hardly answered; they could aiso
be taken for precursors of the fourth type cells as proposed by Oxano.
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Olfactory gland (Bowman)

Olfactory glands have been thought to possess a short excretory duct within the
olfactory epithelium (Tovopa, 1960). In the present study it has been proved in bat
olfactory mucosa that epithelial cells of probably the intraepithelial duct of the olfac-
tory gland possessed secretory granules identical with those found in the secretory
portion of the olfactory gland, suggesting their secretory function. SerFerT and ULE
(1967) and Brerpour (1972) have demonstrated dark granules in the duct epithelial
cells of mouse olfactory gland, and the latter author could hardly deny a secretory
activity of the duct epithelium. In olfactory glands of a variety of mammalian species,
the existence of an intraepithelial duct surrounded by proper epithelial cells having
no secretory function seems to be doubtful.

The secretory portion of the olfactory gland is divided into two continuous parts
——a short intraepithelial secretory portion existing within the olfactory epithelium
and an extraepithelial secretory portion present in the connective tissue layer underly-
ing the olfactory epithelium. The latter is referred to as the main secretory portion of
the olfactory gland. Along the basal surfaces of the intra- and extraepithelial secre-
tory portions facing the surrounding olfactory epithelium and connective tissue,
respectively, a basal lamina has been scarcely demonstrable in accordance with the
observation of Friscu (1967) in mouse olfactory gland but in discordance with a posi-
tive result obtained by BreipoHL (1972) in the same animal. Secretory cells showed
hardly any cytological distinctions between intra- and extraepithelial location, or
between bat and rabbit olfactory gland, except a few particular findings in the latter.

Several authors, dealing with cytology of the olfactory gland, have classified its
secretory cells into two or three types (FriscH, 1967; SEIFErT and ULE, 1967; SEIFERT,
1970; Bre1poHL, 1972), which seem to represent different functional stages of one kind
of secretory cell. The secretory cells of bat and rabbit olfactory glands are found
in different functional states——empty, restitution and repletion —on account of
variable amounts of secretory granules, but the presence of distinct cell types such as
dark and light cells has not been confirmed. In his light microscopic observation of
olfactory glands in several mammalian species, Tovopa (1960) has classified secre-
tory cells into large dark and small light cells, and considered them to represent
different developmental or differentiated states of one and the same kind of cell.
Thus he has taken small light cells for immature secretory cells with low secretory
activity and large dark ones for mature and active cells containing many secretory
granules. Furthermore, he has confirmed the existence of transitional forms between
the two developmental stages. The small light cells described by Tovopa (1960)
seem to correspond to the light cells described by Friscu (1967), which are charac-
terized, according to his electron microscopic observation, by extensive granular
endoplasmic reticulum, while the large dark cells of Tovopa seem to correspond to
Frisch’s dark cells, which are characterized by many secretory granules and a vast
amount of smooth endoplasmic reticulum (Frisch, 1967).

As rightly cristicized by Graziaper (1972), very little is known-about the ultra-
structure of the olfactory gland, and the best description in this field can be found in
the paper of Friscu (1967) on mouse olfactory mucosa.
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In fine structural characteristics, secretory cells of bat and rabbit olfactory glands
are closely similar to the supporting cells of olfactory epithelium in these animals;
they are characterized, as pointed out by Graziaper (1972), by a large amount of tubular
components of smooth endoplasmic reticulum, which are densely distributed through-
out the cytoplasm and which in secretory cells of repletion stage, tightly fill up cyto-
plasmic layers between secretory granules. On the contrary, cisternae of rough endo-
plasmic reticulum and free ribosomes are relatively small in amount. ‘Whorl-like
configurations of concentrically packed tubules of smooth endoplasmic reticulum
around mitochondria or their remnants as observed by Friscu (1967) in the secretory
cells of mouse olfactory gland have been confirmed neither in bat nor in rabbit,
though in their supporting cells similar structures have occasionally been found. The
second characteristic structures of the secretory cells of bat and rabbit olfactory gland
are electron-lucent secretory granules with a coarsely granular or fibrillar matrix.
They frequently contain a denser round core. These ultrastructural characteristics
of the secretory granules of the olfactory gland have already been pointed out or
shown in electron micrographs by Friscu (1967) and BrerporL (1972) in mice. From
the above findings, it seems evident that the secretory cell of bat, rabbit and mouse
olfactory gland resembles, in ultrastructural characteristics of secretory granules,
the supporting cells of the olfactory epithelium in lower vertebrates such as frog
and box turtle, since in these animals, GrazIADEI (1972) has demonstrated secretory
granules of supporting cells with similar ultrastructural characteristics. On the
contrary, secretory cells of the box turtle olfactory gland which are rich in rough
endoplasmic reticulum and which contain highly electron dense secretory granules
(GrazIADEI, 1972) may be quite different from those of bat, rabbit and mouse olfactory
gland; they rather resemble serous or albuminous secretory cells.

The secretory granules of the olfactory gland of bat and rabbit are bounded by a
distinct limiting membrane, which is frequently fragmented, and they are not infre-
quently in coalescent state.

Aside from smooth- and rough-surfaced endoplasmic reticulum and variable
numbers of secretory granules, bat and rabbit olfactory gland cells contain numerous
mitochondria, well-developed Golgi complexes in the supranuclear area, an occasional
centriole in the apical cytoplasm, occasional filaments and microtubules and a number
of probable lysosomes or lipofuscin granules (Toyopa, 1960). Lipofuscin granules may
contribute, as already discussed above, to yellow coloring of the olfactory mucosa.

It has become common knowledge in the cytology of secretory cells that in the
formation process of secretory granules, the Golgi complex may play an essential
role in the condensation and packaging of secretory material, which has been synthe-
sized in endoplasmic reticulum and transferred by vesicles to this organelle (NEUTRA
and LEBLOND, 1966; FREEMAN, 1966; BERLIN, 1967). However, the process of secretory
granule formation in secretory cells of the olfactory gland has remained almost un-
touched until today, and only Frisca (1967) discussed a little on the relation of the
Golgi complex to the formation of secretory grantles in secretory cells of the mouse
olfactory gland, saying that there is usually the proximity of this organelle to secre-
tory granules, which indicates the possibility that the Golgi apparatus may play some
role in elaboration of the product.

Upon careful observations of the Golgi complexes of the secretory cells of bat
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and rabbit olfactory gland, the author has confirmed the formation process of the
secretory granules in the Golgi area as suggested by Friscu (1967). The Golgi complex
consists of Golgi lamellae comprising a stack of flattened cisternae, Golgi vacuoles
and many Golgi vesicles around the lamellae with a small number of coated vesicles
intermingled. Some of these coated and non-coated vesicles are often found adhering
to one end of flattened cisternae of the Golgi lamellae, suggesting, that vesicles may
transfer secretory materials elaborated in smooth or rough, or probably both, endo-
plasmic reticula, or materials ingested from the extracellular space to the Golgi lamel-
lae. Golgi vaculoes contain a small amount of loosely fibrillar material, which is also
found in the expanded portions of the Golgi lamellae. Close to these vacuoles, there
are found small immature secretory granules, which are somewhat larger and contain
more compact fibrillar material, indicating that Golgi vacuoles may gradually trans-
form into immature secretory-granules; thereby, concomitant with the growth of
Golgi vacuoles (condensing vacuoles), loosely fibrillar content may increase in amount
thus becoming more condensed within the vacuoles.

In mammalian species in which supporting cells of the olfactory epithelium have
no secretory function, the so-called mucous film covering the free surface of the
epithelium must be composed merely of the secretory product of the olfactory gland.
As discussed above, the ultrastructural characteristics of secretory granules of the
bat and rabbit olfactory gland seem to speak for the hypothesis that the olfactory
gland may be mucous; at least the view that it may belong to the serous gland seems
not tenable. Several histochemical tenchniques such as toluidine blue staining, PAS
as well as Bauer’s method, alcian blue and ruthenium red (Lurr, 1971) staining con-
sistently give results in favor of the view that the olfactory gland of bat and rabbit
may be mucous as claimed by Tovopa (1960) in his light microscopic observation.
This question of whether serous or mucous, has been argued by many investigators
(Barapr and Bourng, 1953; ALLisoN, 1953; Mira, 1963; MouLToN and BEIDLER, 1967;
BrerponL, 1972; Graziapel, 1972 and others).

As justly pointed out by Friscu (1967), the cytological evidence that secretory
cells of the olfactory gland contain a large quantity of smooth endoplasmic reticulum
with relatively small amounts of rough endoplasmic reticulum seems to be important
because smooth endoplasmic reticulum has been believed to play an essential role in
the elaboration of steroid hormones in endocrine cells such as adrenocortical cells
(LonG and Jones, 1967 etc.), interstitial cells of the testis (YAMADA, 1965; Nacano,
1965 etc.), as well as ovarian lutein cells (SaTo and Kurosumi, 1965) while on the other
hand, it participates in the carbohydrate metabolism. In contrast to secretory cells
of the olfactory gland, mucous cells such as goblet cells in the epithelia of various
organs usually possess well-developed rough endoplasmic reticulum with poor smooth
endoplasmic reticulum. Although as noted by Frisch (1967) the unique ultrastruc-
tural characteristics of the secretory cells of bat and rabbit do not justify an assump-
tion that they may elaborate lipid secretion, it seems possible that they may secrete
a mucous substance more or less different from ordinary mucous in that it may per-
haps contain lipid components. Until today, there have been no authors who claim
that the olfactory gland secretes a mucous rich in lipid components. AvLisoN (1953),
however, maintained that the olfactory gland might be a particular gland which
resembels neither serous nor mucous glands, secreting material of unknown nature,
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and MourtoN and BeLER (1967) proposed from the viewpoint of morphology and
histochemistry, that Bowman’s gland was not identified either as a serous or mucous
gland. The present author can only conclude here that on the basis of the ultrastruc-
tural and histochemical properties of secretory granules, bat and rabbit olfactory
glands may be considered as a kind of mucous gland, but that cytological features of
the cytoplasm of secretory cells suggest an unknown special nature of their mucous
secretory product.

As for the mechanism of discharge of secretory granules from the secretory cells
into the glandular lumen, scarcely any electron microscopic investigators of the
olfactory gland have ever commented on it, with only the exception of Tovopa (1960),
who has pointed out, in his light microscopic study on olfactory glands of various
mammals, the occurrence of apocrine secretion in secretory cells.

Among several mechanisms of discharge of secretory granules into extracellular
space (Kurosumr, 1961), the so-called emiocytotic or reverse-pinocytotic process has
been most widely confirmed both in exocrine and endocrine glands. In both bat and
rabbit olfactory glands, secretory granules elaborated in the Golgi area show a tend-
ency to migrate toward the luminal area of the secretory cells to be found immediately
beneath the plasma membrane lining the luminal surface, but actual cytological
signs indicating their emiocytotic discharge into the glandular lumen have not been
verified in the present study, although it has been revealed by some authors in mucous
cells, for example in goblet cells (ITo and Isuir, 1970).

Cytological findings which suggest the release of a secretory product by diacrine
and apocrine mechanism have frequently been confirmed especially in the rabbit
olfactory gland. In both bat and rabbit olfactory glands it has frequently been
revealed that limiting membranes of secretory granules are fragmented and that their
matrices have permeated through the discontinuties into the cytoplasm of secretory
cells. In the rabbit olfactory gland, it is shown that the secretory material liberated
in the cytoplasm of secretory cells flows toward the luminal side and is accumulated
there to make a wide protuberance bulging into the glandular lumen. Thus, the
‘secretory material is thought to be discharged probably by diffusion or diacrine
mechanism into the glandular lumen thirough the plasma membrane lining the pro-
tuberance. The matrix or cytoplasm of the protuberance is electron lucent and fine
fibrillar and resembles both the matrix of secretory granules and secretory substance
within the glandular lumen, although it contains loosely distributed tubular com-
ponents of smooth endoplasmic reticulum, scantly polysomes, several small vesicles
and electron dense rodlets, derived probably from tubular components of smooth
endoplasmic reticulum.

In rabbit olfactory glands, besides frequent wide protuberances bulging into the
glandular lumen, more or less long, club- or tongue-shaped processes are protruded
from the apical surface of the secretory cells far into the glandular lumen; and they
are thought to be formed by the same mechanism as the protuberances, and their
electron-lucent, fine fibrillar matrix contain the same organelles as found in the pro-
fuberances, excepting components of smooth endoplasmic reticulum. No secretory
granules are found either in the protuberances or the tongue-shaped processes.

The tongue- or club-shaped process is supposed to be pinched off at the constricted
neck by means of the so-called apocrine process, and to be discharged on the whole
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into the glandular lumen and subsequently dissolved there. In electron microscopic
observations of supporting cells of the olfactory epithelium of lower vertebrates (box
turtle and bullfrogs), in which these cells are known to possess secretory function,
Graz1ADEI (1972) and Takacr and Oxano (1974) have shown, by electron micrographs,
pictures indicating the occurrence of apocrine discharge of secretory materials.

As described above, rabbit olfactory gland cells are assumed to release their secre-
tory product by means of the diacrine and apocrine mechanism, but the present study
has failed to reveal cytological findings which indicate the discharge by means of
emiocytosis or reversed pinocytosis, the most common releasing process of secretory
granules in exocrine and endocrine glands. However, the possibility of emiocytotic
release of secrotory granules in both the bat and rabbit olfactory gland has somehow
been out of focus of close attention in the present study, but it should not of course be
neglected.

In this study, a curious cytological finding has frequently been obtained in the
secretory cells both in the intra- and extraepithelial secretory portion of rabbit olfac-
tory glands, In contrast to the above mentioned apical processes, similar cytoplasmic
processes are protruded from the basal surface of secretory cells into surrounding
olfactory epithelium or connective tissue. These basal processes are thought to be
formed probably by the same mechanism with. apical processes, and they contain, in
electron-lucent homogeneously fine fibrillar or granular matrix, the same organelles

as in the apical processes; but they differ from the latter in the absence of electron--

dense rodlets. The fate and functional significance of the basal tongue-shaped pro-
cesses have not been clarified in the present study.

Tovopa (1960) observed in his light microscopic study on the olfactory glands of a
variety of mammals, areas occupied by a homogeneous hyaline substance in the basal
and paranuclear portion of principal secretory cells which are stained with eosin and
which contain neither mitochondria nor socretory granules. The present electron
microscopic study has suggested these homogeneous hyaline areas to corresponds
perhaps to the lateral and basal part of secretory cells of the rabbit olfactory gland,
where the distribution of tubular components of smooth endoplasmic reticulum and
secretory granules sometimes become loosened as described above. The apical zone
of the cytoplasm and also protuberances bulging into the glandular lumen are thought
to appear, in light-microscopic observations, as homogeneous hyaline areas because
of the lack in secretory granules and the loose arrangement of tubular components of
smooth endoplasmic reticulum. The apical and basal processes might also present
similar appearances in light-microscopy.

The so-called “dense rodlets” which are observed within the protuberances and
processes of the secretory cells of the rabbit olfactory gland are minute rod-shaped
structures which are for the first time reported in the present study. As for their
origin and nature, it is assumed that they may probably be elaborated by pinching off
or fragmentation from tubular components of smooth-surfaced endoplasmic reticulum.
They contain an electron dense material, which is probably synthesized within the
smooth endoplasmic reticulum. They are bounded by a limiting membrane and
found in considerable number among secretory granules in cytoplasmic areas near the
apical portion of secretory cells. Between dense rodlets and electron-lucent tubules
of smooth endoplasmic reticulum, there are transitional forms containing materials

L
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of various intermediate densities. Therefore, it is supposed that dense rodlets may
migrate toward the apical cytoplasm to enter into the apical protuberances and pro-
cesses, and may presumably be discharged by means of the apocrine mechanism into
the glandular lumen. It is of interest that they are not demonstrated in the basal
tongue-shaped processes above mentioned.

The present study, therefore, has suggested that dense rodlets may be discharged
into the glandular lumen by means of the apocrine mechanism simultaneously with
the secretory substance derived from secretory granules thus supporting the hypo-
thesis that the product elaborated in the smooth endoplasmic reticulum, which is
surprisingly developed in the secretory cells of the olfactory gland, may at least par-
tially be released by means of this mode into the glandular lumen. However, it should
be kept in mind that dense rodlets in question have failed to be revealed in the sec-
retory cells of the bat olfactory gland.
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3. WESBHEE R S RSIEEMIESD Y, ThOPFEAZREZRET, AAETRHEE
NicB S VWM~ LT % SRR I D, BMIEERSERRIEORER b, 3£ 51
AR & T RO RIERE Th 5.

4 =VEYLVFFORIRTE, FIMEREE SRR VER O LENEE OFEITEER
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ThH 5. BOEEAS IO EEAS IR EER IR S Wiz v, BREEEE « 058
BERE I B B 2%, MSOBICST S T IR TER Y. IS EOIBE/ MR OFIEE
F2 300, HEMIRERII Y. B0uithg o5 WA IRERIY, T oMbz
W &I AR O R OMIRIRL E TR 5 2%, BRI U IBTE/MEkRSS v
TENE, RS RSEBERIEE R b0 C L RERT 5. v FORCE B
2 5  BE/ MR OIS i BSET 5 “dense rodlets” 3B D, THRZ Y VST XD IRE
~HHE 3.
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