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EPITHELIUM LINING OF GUTTURAL POUCH, DONKEY

SUMMARY

The epithelium of the guttural pouch of the donkey
has been studied at the ultrastructural level. It was
found to be a typical pseudostratified ciliated
columnar epithelium formed of basal, intermediate,
ciliated and goblet cells. The basal cells possessed
numerous tonofilaments and a greater electron density
than that of other cells. The intermediate cells had
less tonofilaments than that of the basal cells,
otherwise they were structurally similar in both
cytoplasmic and nuclear component. The ciliated cells
in the donkey guttural pouch epithelium were divided
into light and dark one. The latter were the most
abundant cell type in the epithelial layer. While the
goblet cells were scattered singly along the length
of the epithelium. These mucous producing goblet
cells were observed at various stages of secretion.
Lymphocytes and mast cells were observed also within
the guttural pouch epithelium.
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INTRODUCTION

Several anatomical, histological and surgical studies
(COOK, 1973; SISSON, 1975; SCHUMMER and NICKEL, 1979; FREEMAN,
1980 a,b; KOENIG, 1984; DELLMAN and BROWN, 1987; LIEBICH, 1990
BANKS, 1993) dealing with the guttural pouches in equidae have
been reported.

The guttural pouches (Diverticulum tubae auditivae) are
paired diverticula of the Eustachian tubes extending from the
nasopharynx to the middle ear. From the medical point of view
thls structure suffer from empyema, tympany and mycosis (MILNE
and FESSLER, 1972; HAYNES, 1984 and MISK et al., 1992) which
are the most common affections being recorded. Although the
available literatures contain no information about its fine
structure. Concequently the present investigation aims to study
the normal structure of the guttural pouch in the donkey using
transmission electron microscopy.

MATERIAL and METHODS

The guttural pouches from 3 male and 3 female donkeys were
used in this study. This tissue was cut into small pieces and
fixed. by immersion in 2.5% glutaraldehyde with 2.5%
paraformaldehyde in 0.1 M Na- cacodylat buffer (pH 7.3) for 2
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hours. The tissue was washed in the same buffer, postfixed in
buffered 1% osmium tetroxide, dehydrated in ascending
concentrations of alcohol and embedded in Epon- Araldite.
Semithin sections were cut on an LKB microtome and stained with
toluidine blue and alcian blue-PAS (BOECK, 1984) for light
microscopical examination. Ultrathin sections were doubly
stained with uranyl acetate and lead citrate, examined and
photographed with JEOL 100 CXII electron microscope.

RESULTS

In semithin section (Fig. 1), the general character and
histological arrangement of cellular constituents of the
guttural pouch epithelium of the doneky was a typical
pseudostratified ciliated columnar epithelium with goblet
cells. The epithelium showed numerous irregular invaginations
of variable depth. Some goblet cells open in’ these
invaginations and many intraepithelial mast cells with blue
stained cytoplasm were observed.

At the ultrastructural level, four cell types were
distinguished: Basal, jntermediate, ciliated columnar and
goblet. All the cells rest on the basal lamina and all except
the basal and intermediate cells extend to the surface (Fig. 3)

Basal cells:

The basal cells (Fig. 2) were elongated and or irregularly
oval. Their lateral surfaces make contact with neighbouring
basal cells as well as the other adjacent columnar cells by
cytoplasmic interdigitations and sparse, poorly developed
desmosomes. These cells were seen rest on a thin irregular
basal lamina which was intimately applied to the inferior
aspect of them and joined together with hemidesmosomes at a
variable distance. The intercellular spaces varied in width;
the cells may be tightly apposed to their neighbours with
1ittle intervening space or the intercellular space may be
substantial and contained numerous cytoplasmic extensions from
ad jacent cells.

The oval or irregular rounded nuclei occupied the major
portion of the cells. They showed numerous irregular deep
indentations and segmentations. They contained a relatively
large amount of condensed heterochromatin and 1-2 peripherally
located nucleolei. The nuclear membrane and its pores were
distinct.

The cytoplasm of the basal cells had a greater electron
~density than that of other cells. The density was due chiefly
to the large amount of ribosomes and tonofilaments which were
arranged peripherally in a circumferential manner around the
nucleus. It contained moderate amount of mitochondria which
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appeared elongated, oval and round and few short cisternae of
rough endoplasmic reticulum. The Golgi zone is vestigial if
present at all.

Intermediate cells:

The intermediate cells (Fig. 3) were wedge-shaped,
elongated and considerably more slender than the basal cells.
They were located just above the basal cell layer with their
longitudinal axis perpendicular to the epithelial surface. They
were attached to their neighbors by few desmosomes and
interdigitations through cytoplasmic processes as well as to
the basal lamina by hemidesmosones.

The nuclei were relatively large and oval with few
indentations. In all other respects the iftermediate cells were
similar in both their cytoplasmic and nuclear componants to the
basal cells but the cytoplasm was less electron dense due to
the small amount of tonofilaments and ribosomes.

Ciliated cells:

The ciliated columnar cells (Fig. 4-7) were the most
commen cell type in this epithelium extending from the basal
lamina to the Luminal surface. These cillated cells were found
to be of two types; a light and a dark one (Fig. 4).

The dark ciliated cells were more abundant cell type,
while the light one were seen at variable intervals. These
ciliated cells were joined to the adjacent columnar cells by
tight junctions at their luminal surface. Laterally, they were
joined together with few desmosomes and 1ill-developed
cytoplasmic interdigitations which extended into a very narrow
intercellular space as the lateral cell membranes were
relatively straight. The intercellular space became wider
basally. In addition, the ciliated cells contacted with the
basal lamina by hemidesmosomes.

The ciliated cells were studded with numerous long cilia
which were seen projected from the cell apex intermingled with
short and branched microvilli (Fig. 6 & 7). The nuclei were
usually oval in the dark cells and round in the light one with
somewhat irregular contour. Some clumps of heterochromatin as
well as 1-2 small peripherally located nucleoli were seen. The
nuclei of the light ciliated cells contained more euchromatin.

The cytoplasm of the dark ciliated cells was more electron
dense than that of the light ones. This is due to numerous
ribosomes, either dispersed in the cytoplasm or arranged in
polysomes. The cytoplasm also contained variable shaped
mitochondria which were distributed throughout the cell but
more concentrated in the cell apex under the numerous basal
bodies (Fig. 7). They were more numerous in the dark ciliated
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cells than the light ones. Short cisternae of rough endoplasmic
reticulum were evenly distributed in both cell types. Large
number of clear vesicles were regularly observed in most of the
dark ciliated cells in the supranuclear region, which were
fewer in the 1light ones (Fig. 4-6). Small bundles of
tonofilaments as well as moderatly developed Golgi-elements
were also seen (Fig. 5)

Goblet cells:

The goblet cells (Fig. 3 & 8) were constituted the mucous
producing cell-type in the guttural pouch epithelium. They were
often singly distributed and attached to the neighbours
apically by tight Jjunctions (Fig. 7); laterally with few
desmosomes and interdigitations through short cytoplasnic
processes . They betome longer basally as the intercellular
space became wide. At the basal border, . they were contacted
with the basal lamina by few hemidesmosomes.

The nuclel of the goblet cells were smaller than those of
the ciliated ones and more basally situated. Most of their
condensed heterochromatin was located adjacent to the nuclear
envelope but some were scattered throughout the nucleoplasm.
The nuclei had many pores in 1its limiting membrane and
contained large dense nucleoli.

The cup-shaped apical portion of the goblet cells (Fig. 8
a) were frequently filled with secretory granules. The granules
were variable in form and size as well as in staining density.
They were mostly lightly stained. An electron dense core was
noted in some granules.

The cytoplasm of the goblet cells was electron dense. It
contained numerous cisternae of rough endoplasmic reticulum
which were usually concentrated in the basal portion of the
cell or occasionally located between the secretory granules.
The elongated or rounded mitochondria were also scattered in
the cytoplasm, in between the secretory granules or found
parallel to the lateral cell membranes. A well developed
supranuclearly located Golgi-apparatus as well as free
ribosomes and tonofilaments were seen (Fig. 8 b).

According to the state of functional activities an
exhausted as well as immature form of goblet cells were
occasionally seen.

The exhausted goblet cells appeard more electron dense
columnar shaped cells. Their apical surface were provided with
microvilli. Few secretory granules were sometimes seen in the
supranuclear region. Mitochandria and rough endoplasmic
reticulum cisternae were scattered in the cell cytoplasm. The
nucleus showed some indentation.

The immature cells (Fig. 3) appeared more slender formig.
Their cytoplasm had the same electron density as that of the
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other ciliated cells. The secretory granules were located in
the most apical region. Abundant mitochondria were scattered
throughout the cytoplasm in addition to the other organelles.

Migratory cells:

In this investigation, variable number of intraepithelial
lymphocytes (Fig. 2) and mast cells (Fig. 9) were observed at
different levels of the epithelium. While the lymphocyte
possessed an electron dense nucleus surrounded by moderate
amount of cytoplasm, the mast cell cytoplasm was filled with
electron leucent granules.

DISCUSSION

In this investigation, the ultrastructure of the surface
epithelium of the guttural pouch of the donkey has been
studied. It was found to be a typical pseudostratified columnar
epithelium, consisted of four distinct cell types namely:
basal, intermediate, ciliated and goblet cells similar to the
respiratory epithelium lining human trachea (RHODIN, 1966),
bronchi of the pig (BASKERVILLA, 1970a), nasal cavity of the
mouse and man (MATULIONIS and PARKS, 1973; BUSUTTIL ebiET.
1977) and larynx of the donkey (ABDEL-RAHMAN, 1990). However,
it was characterized from the respiratory epithelium of other
organs by numerous irregular invaginations of variable depths
into which some goblet cells open. These characters of the
mucous membrane of the guttural pouch are very considerable for
i1ts extensibility during inspiration and expiration as recorded
by CHAUVEAU (1910).

The present work proved that the ultrastructure of the
basal cells was nearly similar to that described by BASKERVILLA
(1970a) in bronchial epithelium of the pig. BREEZE et al.
(1976) in mammalian respiratory epithelium and ABDEL-RAHMAN
(1990) in the laryngeal epithelium of the donkey. In agree with
CASORATI et al. (1965) the basal cells of the epithelium
contained more filaments than the rest of the epithelial cells.
They suggested that this feature is in keeping with the
potential of these cells to undergo squamous change. On the
contrary BRETTSCHNEIDER (1958); OKANO and SUGAWA (1965) and
MATULIONIS and PARKS (1973) found that the basal cells of the
nasal respiratory epithelium of the rat, canine and mouse
respectively contained no filaments. RHODIN (1966) in human
trachea and BLENKINSOPP (1967) in the rat respiratory
epitheljum stated that the basal cells mature into the more
superficial epithelial and goblet cells.

The present study denoted that the intermediate cells were
found above the basal cell layer and greatly resemble the basal
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cells in both their cytoplamic and the nuclear component as
described by RHODIN and DALHMAN (1956); KONRADOVA (1966) and
RHODIN (1966) in the tracheal epithelium of the rat, rabbit and
human respectively, and by (BASKERVILLE, 1970a) in bronchial
epithelium of pig. RHODIN (1966) in human tracheal epithelium
stated that the regeneration of lost, sloughed ciliated and
mucous- producing cells occurs . through  growth and
differentiation of basal and intermediate cells. . However,
FRASCA et al. (1968) 1in the bronchial epithelium of dog
mentioned that as the intermediate cell differentiates it
becomes more electron dense as it strats to accumulate mucin
granules or becomes more electron lucent with the onset of
ciliogenesis.

As revealed from the present investigation the ciliated
cells were found to be of two types, a light and a dark one due
to an increased in electron density of its cytoplasm, this in
accordance with that observation of OSADA (1963); HANSEL and
MORETTI (1969) in human and mouse tracheal epithelium
respectively and ABDEL-RAHMAN (1990) in dog and donkey
laryngeal epithelium. While the light ciliated cells were the
most abundant cell-type in the mouse tracheal epithelum
(HANSELL and MORETTI, 196%9) and the dog laryngeal epithelium
(ABDEL-RAHMAN, 1990), the dark ciliated cells were more
numercus in the guttural pouch epithelium of donkey. From the
morpho-physiological prespective, the present observation
supports the suggestion of YAMADA (1968). that the light cells
are an aged, degenerative cell-type with declining functional
activity and a high degree of hydration. While the dark cells
are characterized by a high concentration of mitochondria and
free ribosomes, more or less distinctive elements of granular
endoplasmic reticulum and well- developed Golgi apparatus. Such
ultrastructural evidence indicates that the dark cell type has
a high synthetic activity. The repcrted dark cells by BADER
(1965 a & b) in the gall bladder of fish, frog and man were an
intermediate cell-type in the course of the development and
differentiation of ordinary epithelial cells from
undifferentiated basal cells. This opinion appear to be highly
unacceptable for the well-developed mature dark ciliated cells
which were numerous in the guttural pouch epithelium of donkey.

The microvillous branching of ciliated cells, which
increases the surface area of the apical border, was identical
to that described 'in human nasal respiratory epithelium
(BUSUTTIL et al., 1977) and dog respiratory epithelium (OKANO
and ‘SUGAWA, 1965). However, this feature was not reported in
the' ciliated celils of rat and . mouse nasal mucosa
(BRETTSCHNEIDER, 1958; MATULIONIS and PARKS, 1973).

The goblet cells in the donkey guttural pouch were similar
to those in the respiratory epithelia of other species; rat
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trachea (RHODIN and DALHMAN, 1956), mouse nasal epithelium
(MATULIONIS and PARKS, 1973), dog nasal epithelium (OKANO and
SUGAWA, 1965), human nasal epithelium, (CASORATI et al., 1965;
THAETE et al., 1981). They perform a protective functions for
the body; assist in humidifying and cleansing the air, their
secretion form a protective mucous coat covering the cilia.
Results obtained in this work revealed that the secretory
granules in the apical region of the goblet cell vary in size
and in density, as described by FRASCA et al. (1968) the dog
bronchus.

The present study reaveled that there were lymphocytes in
normal guttural pouch epithelium. They may be immunologically
competent cells (YOFFEY, 1962) or they may be involved in
controlling growth as so called trophocytes (LOUTIT, 1962;
BURCH, 1986). Although the exact functional significance of the
distribution of mast cells in some epithelia is not yet clearly
understood, the heparin as a lipid clearing factor (SHOULDERS
and MENG, 1957) may be a possible explanation for scattering
the mast cells in the guttural pouch epithelium, particurlarly
the secretion of guttural pouch glands contains high amount of
lipid (unpublished observation).
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LEGENDS

Fig. 1: Semithin section of the gutturl pouch epthelium of
donkey showing a pseudostratified ciliated columnar
epithelium with goblet cells. Invaginations
(arrowheads); mast cell (arrows); Lamina propria (Lp).
Alcian blue-PAS. X 400.

Fig. 2: Electron micrograph of the guttural pouch epithelium of
the donkey demonstrates migrating lymphocytes occupying
a basal position between two basal cells. Basal cell
(BC), Lymphocyte (Lc). X 4000.
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Fig. 3:

Fig. 4:

Fig. 5:

Fig: 6
Fig,. 7T:
Fig. 8:
¥Fig: '9:
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Electron micrograph of the respiratory epithelium of
the guttural pouch. Basal cell (Bc); Ciliated cell
(Cc); Goblet cell (Gc); Lumen (Lu); Basal lamina (Bl);
Intercellular space (Is). X 2000.

Electron micrograph shows dark and light ciliated cells
containing vesicles (V) and mitochondria (arrowhead). X
4000.

Higher magnifica tion showing secretory granules (sg)
in goblet cell and Golgi-apparatus (Ga); vesicles (V)
and mitochondria (arrowheads) in the ciliated
epithelial cells. X 20000.

Higher magnification of the cilia and the apical
portion of the ciliated cells demonstrates basal body
(star) of the cilia; branched microvilli (Mv); vesicles
(V) and tight junction (Tj). X 14000.

Electron micrograph of the apical portion of a ciliated
cells showing cilia (thin arrow), branched microvilli
{(Mv), many of mitochondria (arrowheads), secretory
granule (Sg) in goblet cell and tight junction (Thick
arrow). X 10000.

Electron micrograph of the goblet cell.

a) General view.

b) Higher magnification of the supranuclear region.
Lumen (Lu), Nucleus (N), Secretory granules (Sg) with
electron dense core (arrow), Golgi-apparatus (Ga),
rough endoplasmic reticulum (FER), tonofilaments (Tf).
a: X 4000 b: X 6700.

Electron micrograph shows intraepithelial mast cell.
The cytoplasm  was filled with electron lucent
secretory granules (asterisk). X 6700.
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